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Abstract

This paper presents the first archaeological evidence for specific facial mutilation from
Anglo-Saxon England, involving removal of the nose, upper lip and possible scalping,
inflicted upon a young adult female of about 18 years of age. The injuries are consistent with
documented punishments for female thieving slaves and adulteresses. Although mutilations of
this kind do not appear in the written record until the tenth century AD, the instance reported
here suggests that the practice emerged a century earlier. This case is examined against a

wider consideration of the motivations and meaning of facial disfigurement in past societies.

Introduction

There is extensive evidence for mutilation of the human cranium, both intentional and
incidental, in both past societies and contemporary ones. Archaeological traces of specific,
pre-meditated, injuries include decapitation, either pre-, peri- or post-mortem, modification of
the teeth, and trepanation, while less co-ordinated trauma can result from accidents and
interpersonal violence (Geldof 2015; Mays 1996; Nikoli¢ et al. 2017; Stuckert & Kricun
2011). This evidence covers a wide time span, from dynastic Egypt up to modern times, with
locations being widespread, including the Far East, Asia, North and South America, the
Middle East, Africa and Europe (Sperati 2009, with qualifying comments from Van Der
Graaf 2009). Sperati (2009) notes that mutilation has commonly been applied to the limb
extremities and the head, but the face especially serves as a brutally obvious medium for
marking out certain individuals from others. This is because the human face is not only
defined by the morphology of underlying bone, muscle and fat, but soft tissues, such as those
forming the ears, nose, and lips, all serve to make each face distinct, facilitating social

communication and allowing the expression of emotions.

The widespread and long established practice of facial mutilation is also evidenced by
early techniques of plastic surgery. Damage to the nose by whatever means — punishment,
fighting, duelling, or by accident — led to early attempts at both aesthetic (Lupo 1997) and
total (Mazzolo & Marcus 1983) reconstruction to try to restore the appearance of the face
(see Arora et al. 2017 for a comprehensive review). The earliest operations seem to have

originated in India (Brain 1988; Tewari & Shukla 2005), where surgeons, following the ideas
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of Sushruta recorded around 600 BC, used cheek and forehead flaps to reconstruct the nose.
The success of the operation must have been variable given the opportunity for infection, but
the first published account of the operation in the west, in 1794 in the Gentleman’s Magazine,
was accompanied by an illustration of a patient whose nose had been successfully restored

(BL 1794).

Whilst there is some archaeological evidence for intentional mutilation of limbs
(Brothwell & Mpgller-Christensen 1963; Fernades et al. 2017), there is limited evidence for
facial mutilation; most likely because it may have only affected soft tissues without leaving
traces on the skeleton. Early excavations of a Romano-British site at Lowbury Hill, Berkshire
(Atkinson 1916), uncovered supposedly mutilated facial bones, but these should be treated
with caution as the effects of taphonomic change were not fully understood at this time.
Possible evidence of scalping has been reported at the Romano-British sites of Wroxeter
(Barker 1981) and St. Albans (Mays & Steele 1996); although the Wroxeter case appears to
be an example of possible frontal scalping, the St. Albans example is now considered to
result from post-mortem defleshing on account of the large number (> 90) of presumed cut
marks over the surface of the skull (Niblett 1999). Anglo-Saxon examples of skulls with cuts
to the head and face are also known (for example from Eccles, Kent, and Maiden Castle,
Dorset), but the random nature of these injuries is best explained as a function of fighting
with edged weapons or as the result of an attack on a defenceless person (Brothwell 1971;
Wenham 1989). A mutilated skull from Eustace Street, Dublin, dating to post-AD 1600,
exhibits probable loss of the nose (Carty 2015), but it appears to have been cleaved in more
than one plane and thus fits better into a 'non-specific' category of mutilation (Carty 2015, 3,
11). Evidence for removal of the external ear is less forthcoming, probably because the
pinnae could readily be removed by a sharp knife blade running parallel to the skull without
leaving a trace on the underlying bone. One example is reported in skeleton 171 from the
Late Anglo-Saxon cemetery at North Elmham, Norfolk (Wade-Martins 1980, 365-7).
However, there seems to be more to this event than simple ear removal, as part of the
temporal bone had also been removed by a sharp bladed weapon. This would probably have
been fatal owing to the resultant damage to the middle meningeal blood vessels, and exposure
of brain tissue. Another potential case is reported at medieval Jewbury, York. Again multiple
unhealed cuts using a heavy sharp bladed weapon are reported on a young female. The ears

may have been removed but probably not through prime intent (McComish 2000).
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This paper, by contrast, considers a human cranium with evidence for specific and
formalised facial mutilation in the form of total removal of the nose and partial removal of

the upper lip, with possible frontal scalping.
The Oakridge cranium: archaeological context and dating

The cranium in question was recovered in the 1960s during rescue excavations prior to
housing development at Oakridge, Basingstoke, Hampshire, England (Figure 1). Restricted
archaeological intervention was permitted, with limited recording of archaeological features
and partial recovery of finds, with the exception of a carefully excavated well and a burial of
Romano-British date (Oliver 1993). The Romano-British burial was discovered accidentally
during excavation of a drainage inspection pit by a mechanical excavator. For some unknown
reason, a further cranium recovered from the spoil, our Oakridge individual, was not analysed
at the time. The nature of the recovery of the cranium means that we do not know if it derived
from a complete body or whether the head had been removed, perhaps for the purposes of

display prior to burial.

At the time of examination for the present paper, the cranium had not been cleaned
and the cranium interior, orbits, nasal cavity and tooth sockets were filled with a distinctive
fine dark brown sandy silt, free of chalk or flint inclusions, which allowed the cranium to be
associated with a specific feature exposed on the east side of the drainage pit. The parent
chalk geology, with thin rendzina soil cover, resulted in variable sized chalk flecks/lumps in
all other feature fills at the site and Mary Oliver, the original excavator, is confident that the

cranium derived from this feature (pers. comm.). The cleaned cranium is shown in Figure 2.

Radiocarbon dating of the cranium gave an uncalibrated date of 1173 + 24 years BP
(OxA-26646: AD 776-899 (87.3%) and AD 920-946 (8.1%) at 95.4%; see the Supplementary
Material for full details), dating the individual to the middle to late Anglo-Saxon period.

Osteological assessment: age at death, biological sex and evidence of trauma

In summary, the osteological analysis (see supplementary text for full details) provided the
following results. The cranium was generally well preserved, with the exception of the
ectocranial surface of the occipital bone and both surfaces of the left and right parietals in
close proximity to the parieto-occipital suture. Here there was widespread surface
degradation, suggesting that this part of the cranium had been affected by different

taphonomic conditions, possibly water flowing above a silt layer.
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The cranium was clearly that of a young person (Figure 3). The only in-situ erupted
tooth was a left first maxillary molar, which was lightly worn. The third molars were visible
in the maxilla, just erupting from their crypts, and all other sockets were present but with the
relevant teeth lost post-mortem. The baso-sphenoid suture was just starting to fuse, but the
temporo-occipital and parieto-occipital sutures were totally unfused. These features in

combination indicate a developmental age of around 15-18 years.

The cranium had rounded features, with prominent frontal bossing, a gracile
zygomatic arch, and a sharply-defined supra-orbital margin. These characteristics are typical
of females, but young males may also exhibit such features prior to full expression of
sexually dimorphic traits. Given the young age of the individual, and the absence of the
pelvis, it was not possible to confidently determine the sex of the individual on the basis of
morphological traits. Instead, the cranium was attributed as female based on ancient DNA
analysis of the X and Y chromosomes (see Supplementary Material). Stable isotope analysis
suggested that the woman was probably non-local, although it was not possible to identify a

likely region of origin (see Supplementary Material).

There was clear evidence of peri-mortem trauma (Figure 2) in the facial region. First,
there was a linear cut on the medial left frontal bone with a v-shaped profile, oriented
obliquely to the right when facing the cranium. Second, the removal of sediment revealed
exposed trabecular bone at the base of the nasal aperture, cutting through the front of the
maxillary central incisor sockets. The anterior nasal spine was also missing. The trabecular
zone was surrounded by a margin of sharply defined cortical bone, especially at the base of
the nasal aperture. The lower left and right lateral margins of the nasal aperture were also
truncated. Overall, there appeared to be one or more straight cuts through the nasal margin
from midway up the nasal aperture through the anterior nasal spine to the prosthion,
consistent with slicing cuts from a knife (see Supplementary Material). Close examination of
the lateral aspect revealed a sharp v-shaped nick on the left side of the nasal aperture with the
cut through the lips at a slightly different angle to that through the nasal margins. This
suggests that at least two cuts were made to inflict the injuries (Figure 4), indicating intent

rather than a fortuitous blow, and restraint while the injuries were inflicted.

There can be little doubt that the victim died around the time her nose was cut off.
The edges of the wound are sharp with no signs of remodelling to indicate survival for even a
few days. The injury to her nose could have been sufficient to cause her death, as it is likely

that the wound would have damaged the network of arteries in the back of her nose. The nose
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is supplied by two plexuses of arteries. The anterior one, known as Kiesselbach’s plexus, is
responsible for the great majority of nose-bleeds (Pope & Hobbs 2005), with bleeding easily
controlled by applied pressure. The posterior, or Woodruff’s plexus, tends to cause bleeding
down the throat and can only be controlled by packing the rear of nasal structures above the
soft palate, a procedure unlikely to have been known to Anglo-Saxon practitioners. The nasal
wound may well have caused profuse bleeding from the posterior plexus leading to death by
choking. However, whether her death resulted directly from the mutilation or from other
injuries is unknowable in the absence of the rest of her skeleton and, alternatively, the
wounds may have been made sometime in the interval between the victim's death and final

deposition, whilst the bone was still in fresh condition.

The cut across the forehead may be related to the formal removal of the nose, scalping
or removal of the person's hair. In examples elsewhere, archaeological evidence for scalping
has been observed in the form of multiple small cuts circling the cranium (Axtell &
Sturtevant 1980), but the skill of the person performing the operation is likely to affect the
presence or otherwise of skeletal traces, as is the nature of the blade used. A long narrow iron
blade, for example, is likely to leave a different trace to a shorter, broader flint blade

(Greenfield 2002). Scalping may also be partial rather than complete.

In summary, the cranium belonged to a young, possibly non-local, female of around
18 years of age. She had a sharp force wound obliquely across her forehead, possibly caused
by a knife, and two mutilating cuts on her face, one through the upper and lower parts of the
bony nasal aperture, the other through the bone in front of the upper central incisors. The

lateral and posterior aspects of the cranium had been damaged by post-depositional changes.
Landscape context

The Oakridge burial lay c. 80m south of the boundary between a detached part of the parish
of Basing in the Hundred (an Anglo-Saxon supra-local territory) of Basingstoke and the
tithing of Chineham, itself a detached part of the parish of Monk Sherborne, which was in the
neighbouring Hundred of Chuteley by 1831 (Page 1911: 113) (Figure 5). In the Domesday
Survey of 1086 (DB Hampshire 23: 10; Williams & Martin 2002: 107), Chineham was an
estate in its own right and originally part of the Hundred of Basingstoke, lying as it does in
the centre of that district, which inspires confidence in the antiquity of the boundaries within

it.
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The Domesday Survey records 56 hides (the basic unit of land assessment in the
Anglo-Saxon period) of land in Basingstoke Hundred in the time of Edward the Confessor
(AD 1042-1066). Although the extent of the Hundred is much less than the nominal 100
hides for such a territory, after the Norman conquest Basingstoke continued to act as the
centre for an associated grouping of six Hundreds (Cam 1944: 99; Yorke 1995: 40), perhaps

reflecting the extent of an earlier ‘tribal’ territory.

That Basing and Basingstoke were significant places by the time the Oakridge
mutilation occurred is borne out by the element common to both place-names. Basing is a
name of so-called —ingas type, meaning ‘people of Basa’ (Ekwall 1960: 30). It is possible,
using such evidence, to identify ‘tribal’ groupings and territories dating to at least the seventh
and eighth century AD, if not earlier, particularly in this part of central southern England
(Eagles 2018: 167-9). Such groups are likely to have been headed by families who, by a
process of competition and allegiance, formed the basis for the kingdom of Wessex. The
important sixth- and seventh-century AD Anglo-Saxon elite centre at Cowdery’s Down
(Millett & James 1983) lay only two kilometres to the south-east of Oakridge and also within
Basingstoke Hundred. Basing itself was a royal manor by at least the tenth century, as it
featured in the will of King Eadred (AD 946-955), being bequeathed to his mother Queen
Eadgifu (Tollerton 2011: 92). It is only by AD 1086 that Basingstoke appears to have
succeeded Basing as the key settlement in the district (Hinton 1986: 162).

If the Oakridge Iron Age site was visible as an earthwork in the Anglo-Saxon period,
then one can easily see how it might have been used a point of reference for the setting out of
a local boundary, a feature that has been commonly observed elsewhere. The placing of the
burial, if indeed it relates to the boundary, suggests that the latter is of at least ninth or tenth
century AD date, possibly earlier. This aspect broadly aligns with a series of boundary burials
elsewhere (Reynolds 2009b) that suggest defined local territories from the seventh and eighth
century AD onwards, and an alternative view to that which sees local land units as mainly
tenth and eleventh century formations (Hooke 1998: 68). We can be sure, on the basis of this

evidence combined, that the Oakridge burial lay very close to an ancient boundary.
An Anglo-Saxon outcast?

The Oakridge burial is best explained by considering the nature of the injuries sustained by
the victim in combination with the topographical setting of the find as considered above.

Although the radiocarbon date encompasses a documented battle at Basing between Vikings
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and Anglo-Saxons in AD 871, there is nothing to suggest that this isolated burial is related to

that event.

Isolated human burials form a recognised category of disposal of the dead in Anglo-
Saxon England and are a particular feature of the Christian Period (from the seventh century
AD onwards). While pre-Christian (fifth to seventh century AD) communities in England
appear to have buried individuals marked out by ‘negative’ burial rites at the edges of their
community cemeteries (Reynolds 2009a), it later became common practice to bury certain
individuals in isolated locations away from ‘normal’ community cemeteries, partly drawing
upon pre-existing notions of liminal places as suitable repositories for social outcasts. This
recognised the binary notions of ‘good’ and ‘evil’ found in the Christian canon and
subsequently realised in a landscape setting. Large-scale execution cemeteries also emerge
during the later seventh and eighth century AD (Reynolds 2009b) and continue into the
twelfth century AD and perhaps later. In view of these sites, it can be suggested that isolated

burials are the result of local community actions rather than supra-local ones.

Both written descriptions of boundary markers (charters) and archaeological
discoveries attest the practice of placing certain individuals on the boundaries of local land
units. Textual sources reveal a tenth century AD horizon for individual burials, while
radiocarbon dating of excavated isolates has shown a late sixth or seventh century AD origin
for the practice (Reynolds 2009a: 209-18); however, written descriptions of boundaries only

proliferate from the tenth century AD onwards.

It is noteworthy that isolated burials are a long-lived phenomenon, with explicitly
documented examples known as late as the early modern period, particularly with regard to
suicides and other social outcasts (Reynolds 2009a: 217). Instances of the practice are
widespread, but a couple of local examples will suffice to illustrate the point. Just over ten
kilometres south-east of Oakridge, an Anglo-Saxon charter of AD 1046 for an estate at
Hoddington (Sawyer 1968: Cat. No. 1013) records a ‘heathen burial’ as one of its boundary
markers; a terminology that an earlier Hampshire charter of AD 973-974, for an estate at
Crondall twenty kilometres east of Oakridge, explicitly relates to the burial of a person
marking the boundary noting “where ZLlfstan lieth in a heathen [i.e. outcast] burial” (Sawyer
1968: Cat. No. 820). The Oakridge burial is particularly significant in that it uniquely exhibits
formal trauma inflicted upon an individual in combination with a liminal setting. Given that

only the cranium was recovered, it may be that the head had been removed from the body as
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part of the punishment, perhaps for the purposes of display, as is evidenced elsewhere in

Anglo-Saxon England (Reynolds 2009a: 273-4).
Mutilation in the Anglo-Saxon legal context

Textual sources provide insights into the range of mutilations encountered in a
judicial/punitive setting and, in some instances, their motivations. The removal of hands and
feet on account of theft is first noted in the seventh century AD law code of King Ine of
Wessex (AD 688-725) (I 18 and 37). Amputation of the hand for theft, this time from the
church, appears in King Alfred’s (AD 871-899) law code (Alf 6), while the punishment for a
slave who rapes another slave was castration (Alf 25.1). The second law code of Athelstan
(AD 924-939) prescribed cutting off a moneyer’s hand should he mint base or light coins (II
Ath 14.1). The sources become more relevant to the Oakridge find, however, with King
Edmund’s third law code, where scourging, removal of the scalp, and mutilation of the little
finger are listed as the penalty for thieving slaves (III Edm 4). King Edgar’s (AD 959-975)
third law code lists removal of the tongue for making false accusations (III Edg 4) but, in
relating the miracles of Winchester’s St. Swithun, the tenth and eleventh century AD writer
Lantfred recalls an otherwise unattested law of Edgar for thieves, which required that the
transgressor be “tortured at length by having his eyes put out, his hands cut off, his ears torn
off, his nostrils carved open and his feet removed; and finally, with the skin and hair of his
head shaved off, he would be abandoned in the open fields” (Wormald 1999: 25).

The so-called Laws of Edward and Guthrum (of probable late tenth century AD date)
refer to unspecified mutilating and maiming of a criminal (E&G 10). King Aethelred’s (AD
978-1016) first law code records branding for slaves found guilty at judicial ordeal (I Ath 2),
and his fourth code provides a further instance of amputation of the hand for striking false
coins (IV Ath 5.3), as does King Cnut’s (AD 1016-1035) second law code (II C 8.1), which
also records cutting out of the tongue for false accusation (Il C 16) and removal of the hands
or feet for theft (II C 30.4). Of particular relevance is a further clause in Cnut’s second code
that prescribes the putting out of eyes, the removal of the nose, ears, upper lip and scalp for a
‘greater crime’ than theft (II C 30.5). Clause 32.1 goes on to note branding for a slave guilty
at ordeal, clause 36 requires removal of the hand for swearing a false oath, while clause 53

lists the removal of the nose and ears in the case of a woman accused of adultery.
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With specific regard to the kind of injuries found on the Oakridge cranium, the legal
corpus indicates that mutilation of the head was a punishment limited to quite particular

circumstances in the case of slaves, adulteresses and particularly heinous offences.
Concluding remarks

Violent punishment is a gruesome means by which societies exercise power over their
citizens (Amussen 1995) and ritual mutilation, like execution, has been a feature of many
societies for millennia (Skinner 2014). Mutilation was intended not to kill, but to humiliate or
disable, and was meted out as punishment for crimes that did not warrant the death penalty. It
can involve amputation of a limb (Mavroforou ef al. 2014), or cutting off parts of the face,
the ears or the nose (Sperati 2009); in the case of the latter, the victim would literally ‘lose
face’ (Groebner 1995). In some cultures, mutilation of the nose was particularly reserved for
females as this destroyed their beauty (Skinner 2015); when practiced on men (as an
alternative to genital mutilation), it was seen as especially debasing (Van Eickels 2004),
although many may have preferred it to the alternative. There are even hagiographic reports
of self-mutilation, usually by nuns, as a means of preventing sexual assault by invaders

(Sperati 2009).

The nose itself is particularly significant, being the most prominent facial feature
morphologically different to the nose of animals, with downward-facing nostrils hiding the
internal structural complexity. When the nose is deliberately mutilated, or when social
difficulties arise for people affected by diseases such as leishmaniasis, tumours, and other
conditions, which may modify or destroy the normal appearance of the nose (Ashmead 1903;
Friedman 1972), concepts of dehumanisation or divine punishment may have been invoked.
The importance of the nose to human faces is reflected in the long established practice of
physically removing them from statues of people no longer in favour or power ‘poena post-
mortem’ (Kyle 1998; Varner 2001, 2004) or as a political punishment (Amussen 1995). The
significance of normal facial appearance is also reflected in ancient codes of law. These
introduced many forms of bodily mutilation as punishment for various crimes and included

amputation of one or both hands and the slicing or cutting off of noses, ears and lips.

The young woman whose remains were found at Oakridge was probably not born or
raised in Hampshire, but we cannot say anything more about her locality of origin or how she
came to the part of southern England in which she was found. Whilst the skeletal evidence

taken in isolation allows multiple possible explanations for the trauma, the combination of all

10
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the forms of evidence discussed above leads us to conclude that this is a case of deliberate
facial mutilation, with possible scalping or, more likely, removal of hair. The specificity of

the wounds strongly suggests that her mutilation was punitive, either at the hands of a local

oNOYTULT D WN =

lynch mob marking her perceived offence by established custom, or by local administrators
10 applying legal prescription. In either scenario, the woman, or at least her head, was then
12 buried, outcast to the limit of the local territory. As noted above, the isolated nature of the

14 burial is perhaps an indication of punishment at the most local level.

16 In conclusion, this paper presents evidence for facial mutilation. The person upon

18 whom such awful injuries were inflicted may have suffered at the hands of a local
community, but a penalty determined by a royal agent is also possible. Even though

21 mutilations of the kind exhibited on the Oakridge cranium do not appear in the written record
23 until the tenth century AD, the case reported here suggests that the practice emerged a
century earlier. Irrespective of the circumstances behind the incident, this case appears to be
26 the first archaeological example of this particularly brutal form of facial disfigurement from

28 Anglo-Saxon England.

11
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Views of the cleaned cranium showing the well preserved anterior aspect and the degraded posterior aspect.
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Occlusal view of the maxilla, showing the erupted left first molar. The third molars are visible in their crypts.
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Close-up views of the facial trauma. From left to right, top to bottom; the oblique frontal cut; the obliquely
angled cuts through at the lower margin of the nasal aperture from the front and from above, and the
anterior of the maxilla; the linear cut through the lateral margin of the nasal aperture; and the sharp nick on
the right side. The cuts and nicks are marked by arrows.
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29 The territorial context of the Oakridge burial. The site is located on the western boundary of the Anglo-
30 Saxon estate of Chineham (highlighted in light grey) in Basingstoke Hundred.
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1. OSTEOLOGICAL ANALYSIS

The osteological analysis was carried out using standard methods (outlined in WEA 1980 and
Buikstra & Ubelaker 1994). The basis behind the methods was to use as many age and sex
variable factors as possible. The limited material in this case restricted analysis to cranium

morphology, suture fusion, dental development and tooth wear.

Taphonomic considerations

The cranium in question was found in an unclean state in the Hampshire Cultural Trust

stores. This turned out to be fortunate for two reasons; firstly, it allowed excavation damage
to be excluded as a cause for crucial changes to the facial area (as detailed below); secondly,
it allowed the otherwise poorly recorded material to be associated with a specific distinctive
archaeological feature, which served to explain the taphonomic changes observed on part of

the exterior surface.

The cranium as found was covered in a very fine dark silt sediment with no sign of any
chalk inclusions as were reported in almost all archaeological features observed during the
excavations. The silt totally filled all tooth sockets, with the exception of a solitary in-situ left
first maxillary molar. The nasal aperture was also completely filled with a thin layer of
sediment, masking the face, especially between the anterior nasal spine and prosthion (or

rather where the prosthion would have been).

The exterior surface showed variable irregular surface degradation, more pronounced
on the occipital bone. The endocranial surface was generally in very good condition. The
unmodified bone surface was coloured a medium orange brown, whilst the degraded surface
was lighter in colour. The surface taphonomy changes are consistent with partial exposure in
a wet environment. The right temporal bone was not recovered. The sharp well-defined
appearance of the zygomatic part of the right zygomatico-temporal suture suggests the loss of

the temporal occurred shortly before recovery from the spoil heap.
Age at death estimation
The human skeleton and dentition undergoes changes associated with age. Age-dependent

factors include dental development and eruption, long bone diaphysis length, long bone

epiphyseal fusion, cranial suture fusion and changes to the morphology of the pelvis,
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specifically the auricular surface and the pubic symphysis. For some populations known to
have had an appropriate diet, wear of the occlusal surface of the teeth may also be used. One

complicating factor is the sex-dependent nature of some of these changes. The error ranges

on the age estimates increases significantly with age.

Figure S1. Upper left M1 tooth in-situ in maxilla, showing occlusal and buccal views.

The primary age-at-death indictors were the state of development of the few teeth present and
the status of some cranial sutures and synchondroses. The cranium was clearly that of a
young person, as the maxillary third molars were just erupting from their crypts (Figure S1).
The only in-situ erupted tooth was a left first maxillary molar. The tooth was lightly worn,
with loss of cusp enamel, but the crown was otherwise complete, apart from a small chip at
the mesio-buccal corner. There appeared to be a taphonomic linguo-buccal fissure running
through the crown and slight amounts of dental calculus. This sole molar was extracted for
dietary and locational stable isotopic analysis, revealing fully developed roots. An X-ray
showed that the sockets for the second molars were as deep as those of the first molars,
suggesting that the second molar was also fully developed. The third molars were visible in
the maxilla, but had not erupted. The third molars had fully developed crowns with roots
some way between quarter and half development. All other sockets were present but with the
relevant teeth lost post-mortem. Dental development data (Moorrees ef al. 1963; Al Qahtani
2008) suggests a developmental age at death of 15 + 3 years. The utility of dental formation
for estimating developmental age (Moorrees ef al. 1963) has been validated by Saunders et
al. (1993). The method strictly only applies to mandibular dentition, but it is applicable to the
maxillary permanent molars as the developmental stages closely match (Al Qahtani 2008,

2014).
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Miles (1962) developed techniques for determining age at death based on tooth wear.
He used a high tooth wear population from the Anglo-Saxon period as his reference, so the
method is applicable here. The pattern of occlusal wear on the first molar suggests a range of

18 + 3 years.

Cranial suture fusion has a long history for age at death estimation (Broca 1868), but in
spite of recent attempts to improve its utility (Alhazmi ef al. 2017), still tends to be used as an

indicator of last resort. The state of cranial suture fusion is listed in Table S1.

Table S1: Fusion status of the cranial sutures.

Suture Fusion state
Metopic Fused, not visible
Nasal Fusing

Sagittal Fusing

Coronal Fusing
Occipito-mastoid Unfused
Lambdoid Unfused
Parieto-temporal Unfused
Zygomatico-temporal | Unfused

The basal occipito-sphenoidal synchondrosis was unfused, though the surface morphology
suggested that fusion was in progress. Data from Alhazmi et al. (2017) suggests the

individual had a developmental age at death in the range 10-20 years.

Biological sex determination

The human skeleton exhibits some degree of sexual dimorphism. This can be used, with
appropriate caveats, to assess the biological sex of the individual. Skeletal dimorphism starts
to be expressed during puberty and becomes clearest in early adulthood. However, older
females may develop changes to the skull normally associated with males, and so age has to
be taken into account when assessing sex. The primary data for assessment comes from skull
morphology, pelvis morphology and long bone metrics. In this case, cranium morphology

was the sole source of data.

The cranium had rounded features, with prominent frontal bossing, a gracile zygomatic
arch, and a sharply-defined supra-orbital margin. The maxilla was very broad in relation to its
antero-posterior length. The mastoid process was short but rather broad in the antero-

posterior direction. Superficial surface degradation had removed the fine detail of the exterior
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surface of the occipital bone, but it appeared to lack prominent muscle attachments. The

temporal ridge was also smooth. These features suggest the individual was possibly female.

Trauma

Cleaning of the cranium revealed clear evidence of peri-mortem trauma (Figure 2). First,
there was a linear cut on the medial left frontal bone with a v-shaped profile, oriented
obliquely to the right when facing the cranium. Second, the removal of sediment revealed
exposed trabecular bone at the base of the nasal aperture, cutting through the front of the
maxillary central incisor sockets. The anterior nasal spine was also missing. The trabecular
zone was surrounded by a margin of sharply defined cortical bone, especially at the base of
the nasal aperture. The lower left and right lateral margins of the nasal aperture were also
truncated. These features mark the trauma as peri-mortem, though it is not clear whether the

event happened before death or shortly afterwards whilst the bone was still fresh.

Overall, there appeared to be one or more straight cuts through the nasal margin from
midway up the nasal aperture through the anterior nasal spine to the prosthion. The cuts
removed the anterior nasal spine and the area in proximity to prosthion. Close examination of
the lateral aspect revealed a sharp v-shaped nick on the left side of the nasal aperture, with the
cut through the lips at a slightly different angle to that through the nasal margins. The
direction of inclination of the cuts is consistent with a right-handed opponent facing the

victim.

Ethnicity

Cranial morphology may give some clue as to the ethnicity of regional origin of an
individual, and there are general trends of shape thought to broadly distinguish major regional
groups, such as European, Asian, African and Native American. However, there is
considerable overlap between the skull shapes for these regions, and any such assessment
serves only as a guide. The analysis is usually performed via a multidimensional discriminant
analysis of metrical data for the skull (or cranium) in question. Fordisc (ver. 3.1; Jantz &
Ousley 2005) is the best known and most widely used implementation of this approach. The
measurements are made between pairs of well-defined anatomical landmarks, with each
measurement identified by a distinct three-letter code. The resultant data set is tested against
reference populations of skulls of known ancestry. The program produces a list of matching

skulls, matched according to minimum multidimensional geometric distance.
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The metric data for the Oakridge cranium is listed in Table S2. The data marked as

'estimate' could not be obtained directly as the relevant area on one side of the cranium was

damaged. The data was estimated measuring from the centre line to the good side and

doubling the result.

Table S2: Metric data for the Oakridge cranium ordered by measurement reference code. The data is

rounded to the nearest millimetre. Key: * - estimates based on unilateral measurements from the centre

line to the side where the landmark is present; ** - estimate based on projected location of prosthion.

Code

ASB

Metric

(mm)

AUB

166

BBH

61

BNL

38

DKB

32

EKB

92

FMB

102

FOB

23

FOL

111

FRC

75

FRS

21

GOL

12

JUB

126

MAB

112

NLB(**)

117

NLH

86

Metric Code
(mm)
105 NOL
118 NPH
127 OBB
96 OBH
21 0CC
91 PAC
91 PAS
27 STB
35 WCB
103 WMH
27 WNB
169 XCB
107 XFB
61 ZYB(*)
23 ZMB
45
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for various subsets of the measured data in Table S2.

Table S3: Fordisc results showing primary and secondary matched groups with associated probabilities

Measurement Primary match Secondary match
Reference Database
dataset Group Probability Group Probability
?111 measurements modern forensic Hispanic 0.659 Aftican female 0201
included database female
all measurements Zalavar 20""C whi
. Howell’s database (Hungary) 0.52 C white 0.211
included female
female
only ZYB . . .
measurement modern forensic Black female 0.502 Hispanic 0.362
. database female
included
only ZYB Zalavar Atayal
measurement Howell’s database (Hungary) 0.373 (Taiwan) 0.308
included female female
both NLB and ZYB modern forensi Hispani
measurements odern forensic Black female 0.457 Spatue 0.269
database female
excluded
both NLB and ZYB Zalavar Atayal
measurements Howell’s database (Hungary) 0.448 (Taiwan) 0.396
excluded female female
Discussion

The nature of the taphonomic changes present on the posterior and right endocranial surface
of the cranium, in combination with the presence of very fine silt in the orbital, nasal and
alveolar regions, suggested that the cranium was recovered from a watery environment

(Kniisel & Carr 1995).

Given the limited data and the relatively poor accuracy of the ageing methods available,
it was only possible to provide a relatively broad estimate for the age of death of the
individual. Taken in combination, the age determination features indicated that the individual
was certainly not adult at the time of death, and possibly had a developmental age of around

15-18 years.

The cranial morphology was typically female, but young males may also exhibit such
features prior to full expression of sexual dimorphic traits. Given the young age of the
individual, and the absence of the pelvis, it was not possible to confidently determine the sex

of the individual on the basis of morphological traits alone.

There was clear evidence for perimortem trauma to the frontal bone and the facial
region. The fact that the cut marks only appeared after removal of residual sediment from the
cranium allows excavation damage to be excluded as a cause. In addition to the oblique cut
on the frontal bone, it appeared that at least two further cuts were made to inflict the injuries

(Figure 4). The narrow nature of all these features suggested a narrow sharp bladed

7
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instrument, such as a knife or seax was used, rather than a sword or a broader bladed
implement such as an axe (Lewis 2008). The cuts in the nasal area are consistent with a knife
blade slicing through the nasal soft tissue and that of the upper lip sufficiently deeply to cut
through the thin cortical bone. If the wounds were made before death, the presence of
multiple wounds in the facial region suggests deliberate intent rather than fortuitous blows. In
this case, it is likely that the individual was restrained in some manner. In the absence of
other parts of the skeleton, it is not possible to say anything about trauma elsewhere on the
body, and so we cannot determine the mode of death. The trauma may also have been
inflicted, in part or in whole, after the individual had died, whilst the bone was still in fresh

condition.

The norma frontalis view of the cranium exhibits some distinctive features — a large
intra-orbital breadth, rectangular orbits and a nasal aperture very broad in relation to its
height. The use of Fordisc to investigate possible ethnicity has known limitations (Ramsthaler
et al. 2007; Elliot & Collard 2009), And the problems are more pronounced in archaeological
specimens, arising from taphonomic modification of skull morphology, potential masking of
reference landmarks, and post-burial shape deformation. However, the facial area of this
individual was well preserved. Other areas exhibited variable surface bone loss, which will
have inevitably affected measurements. The results using the forensic data show great
variability of association, according to which estimated data values are used. The program
also showed that most measured data values fell within one or two standard deviations below
the dataset mean values. This is not surprising given the young age of the individual. The
comparisons with Howell’s dataset (Howells 1973, 1989) were more consistent, preferring an
association with the Zalavar (Hungary) female throughout. However, with one exception, the
probability associated with the primary preference was around 0.5 or less. These results do
not permit any statement about potential ethnic origin to be made with any confidence. The

genetic analysis discussed below offers a more definitive answer to this question.
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2. RADIOCARBON DATING

A powdered sample was extracted from the inner table of the occipital bone in order to
determine a radiocarbon date for the specimen. Sub-sampling was carried out by Tom
Higham at the Oxford Radiocarbon Laboratory. The surface of approximately 1cm square of
the inner table was cleaned using Sum aluminium oxide abrasive powder in an environmental
cabinet. A high speed drill was then used to extract around 100mg of bone powder. This was
processed using the standard Oxford Laboratory protocol (Bronk Ramsey et al. 2002, 2004a,
2004Db).

The sample was assigned dating code OxA-26646 and the uncalibrated date was
determined to be 1173 BP with an error of + 24 years. This date was calibrated using OxCal
(ver. 4.1.7; Bronk Ramsey 2017) and the most recent calibration curve, IntCal 13 (Reimer et
al. 2013). The calibrated date was determined to be between AD 776-899 (87.3%) and 920-
946 (8.1%) at 26 (95.4%) (Figure S2). The mean date was AD 846 and the median date was
AD 843. Stable isotopic evidence (see below) suggested that there was no significant marine
component to the diet of this individual, and, therefore, the date did not require a marine

correction.

95.4% probability
776 (87.3%) 899calAD

1300 920 (8.1%) 946calAD

1200

1100

1000

Radiocarbon determination (BP)

900

............................................

Calibrated date (calAD)

Figure S2. Calibrated radiocarbon dates for the Oakridge individual based on an uncalibrated date of

1173 + 24 years bp.

Although the date of late eighth to ninth century AD (between cal. AD 776 and 946)
encompasses the documented Battle of Basing, which occurred between Danes and local

Saxons on the 22nd of January AD 871 (King & Cole 2016), there is nothing to suggest that
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3. STABLE ISOTOPIC ANALYSIS

The left maxillary first molar was selected for carbon (C), nitrogen (N), oxygen (O) and
strontium (Sr) stable isotopic analyses at the Research Laboratory for Archaeology at the

University of Oxford (England).
Dental enamel strontium measurement

The tooth crown was cleaned in an ultrasonic bath of deionised water for three minutes. The
area selected for enamel sampling was then surface abraded with Spum aluminium oxide
powder using a compressed air abrasive system. 20mg of enamel powder was extracted from
the buccal surface using a diamond impregnated dental burr. Sample dissolutions were
performed following the method of Cohen et al. (1988). Samples were dissolved in PFA
(polyfluroalkoxy) beakers on a hot plate (c. 150°C, 24 hours) in a 7:3 mixture of 29M HF and
14M HNOs;. Samples were repeatedly evaporated to dryness and the residue re-dissolved in
14M HNO;. Strontium was separated by the method described by Mikovéa & Denkova
(2007), which is a development of the method described by Pin et al. (1994). This is a
variation of the standard ion exchange method, in this case using Sr. Spec ion exchange
resins obtained from Eichrom Environment (Bruz, France) (see Mikova & Denkova 2007 for
details). All Sr isotopic analyses were performed on a Nu Instruments NuPlasma HR in the
AEON EarthLLAB, housed in the Department of Geological Sciences, University of Cape
Town, Rondebosch, South Africa. Extracted Sr samples were analysed as 200ppb in 0.2%
HNOs solution, using NIST SRM987 as a reference standard (mean value of 0.710302, n = 8§,
and 2 sigma = 0.000027, where the internationally agreed reference value equals 0.710255).
All Sr isotope data were corrected for rubidium (Rb) interference using the measured signal
for #Rb and the natural #5Rb/*’Rb ratio. Instrumental mass fractionation was corrected for

using the exponential law and an 30Sr/%8Sr value of 0.1194.
Dental enamel oxygen and carbon measurements

Two milligrams of the untreated enamel from the tooth was used for oxygen stable isotopic
analysis. This was pre-treated with 1M CH3COOH solution for three hours at room
temperature to remove any secondary carbonates and then rinsed to neutrality with deionised
water and freeze dried prior to isotopic analysis. The sample was analysed for 6!3C and 8'%0
using a VG Isogas Prism II mass spectrometer with an on-line VG Isocarb common acid bath

preparation system, where it was reacted with purified phosphoric acid (H;PO,) at 90°C. The

11

Cambridge University Press



Page 33 of 48

oNOYTULT D WN =

Antiquity

evolved CO, was pre-concentrated using a cold finger apparatus prior to admission to the
dual inlet system on the mass spectrometer. Calibration to V-PDB standard was via NBS-19
using the Oxford in-house (NOCZ) Carrara marble standard. The replicate values for the in-
house standards run with the sample in this study gave a mean value of 2.96%o for 8'3C with
a standard deviation of 0.022, and a mean value of -1.91%o for 8'80 with a standard deviation
of 0.026 (n = 8). Expected values for the in-house standard were 2.307%o for 8'3C and -
1.906%o for 8'%0 relative to V-PDB.

Mammalian tooth enamel contains up to 2% carbonate anions substituted for phosphate
anions within the hydroxyapatite matrix of the enamel. The carbon and oxygen isotopic
values of tooth enamel carbonate (referred to as 313Cc and 8'3Oc, respectively) were
measured to try to determine the location at which the Oakridge individual was living at the
time the enamel was being formed. The value of 5'8Oc will be related to the oxygen isotopic
value of the local drinking water (referred to as 6'%0w) (Pollard & Heron 2008: 371) and this,
in turn, is thought to reflect the oxygen isotopic value of local rainfall (although significant
use of ground water as a drinking water source will modify this signal somewhat). The tooth
enamel carbonate carbon isotopic value (8!3Cc) will be related to the blood bicarbonate

reservoir and, as such, reflects total diet.

The 8'3Cc and 6'80c values were measured relative to the international standard V-
PDB scale. However, to arrive at a likely oxygen isotopic composition for drinking water,
several transformations had to be made. Firstly, the 8!80c¢ values were converted from the V-
PDB scale to the SMOW-SLAP (Standard Mean Ocean Water- Standard Light Antarctic

Precipitation) scale using the equation of Kim et al. (2015):
3180 (SMOW) = 1.03091 x 8'30 (V-PDB) + 30.91

The 8'80c¢ values measured in carbonate were then converted into an estimated value
phosphate fraction equivalent, 8'®Op for comparison with published values, using the

equation of Bryant et al. (1996):
380p = (8'%0c - 8.3)/1.02%o

Finally, a theoretical value for the oxygen isotopic composition of the drinking water
available at the time of tooth enamel mineralisation, 8'*0w, usually assumed to be equivalent

to local rain water values, was calculated using the equation of Levinson et al. (1987):

12
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30w = (8'%0p - 19.4)/0.46
Dietary stable isotope analysis

Collagen for carbon and nitrogen stable isotopic analysis was prepared from the dentine of
the tooth crown. The sample was demineralised using 10ml aliquots of 0.5M HCI solution at
4°C. The acid was changed at 48 hour intervals until no further reaction was seen. The
sample was then rinsed three times with milli-p ultra-pure water and placed in 10ml of pH3
water at 75°C for 48 hours. The sample was filtered using an Eezee™ filter, and the
supernatant liquid decanted into a Nalgene™ tube with a temporary Parafilm™ cover. The
sample was pre frozen at -40°C prior to freeze drying in a Zirbus VaCo5 freeze drier fitted

with an oil free vacuum system for 72 hours.

The resulting purified collagen was weighed out for analysis using c. Img aliquots
weighed into pre-cleaned tin capsules. Samples were combusted on a Sercon GSL elemental
analyser system using a helium carrier gas with a flow of approximately 80ml per minute. A
2% split of the gases evolved was analysed for nitrogen and carbon stable isotopic
composition using a Sercon -20/22 gas source mass spectrometer. Isotopic values, as well as
elemental abundances and carbon-to-nitrogen ratios, were calibrated against an Oxford in-
house alanine standard, which itself is routinely measured against international standards
(USGS 40 and USGS 41 glutamic acid, whose values are traceable back to the V-PDB and
AIR international standards for carbon and nitrogen, respectively). Further aliquots of the
alanine standard were used to monitor and correct for instrumental drift. The sample was run
in triplicate. Stable isotopic results were reported in delta notation relative to V-PDB for
carbon and AIR for nitrogen. Replicate analysis of the alanine in-house standard gave the
following results (n = 10 measurements): mean 8'3C = -27.15 £ 0.13%o, expected value -
27.11%o; mean 8N = -1.55 + 0.15%o, expected value -1.56%o. This suggests that the
individual values obtained during the analyses reported here are typically accurate to better

than £ 0.1%o for both 8'3C and 5!°N.
Results

The isotopic results from the sample analysed in this study are given in Table S4. The
collagen prepared from the tooth dentine gave a C/N ratio of 3.1, suggesting that the collagen
was well preserved and likely to give a good measure of the in-vivo dietary carbon and
nitrogen stable isotopic values (van Klinken 1999). The collagen prepared from the dentine

fraction of the tooth gave a 6'°N value of 11.71%o relative to AIR, and a 6'3C value of -
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19.03%o relative to V-PDB, both with error of + 0.2%o. The tooth enamel carbonate fraction
of the sample gave 3'3Cc value of -12.78%o + 0.01 and a '®Oc value of -6.47 + 0.02 both
relative to V-PDB. Tooth enamel also gave an #7/3Sr ratio of 0.710279 + 0.000014.

Table S4: Stable isotopic data from Oakridge individual.

Tooth Tissue §"°N s"c 5"Ce 5"%0¢ 818Op
sampled | type |C:Nratio| (AIR) |(V-PDB)| (V-PDB) | (V-PDB) | (VSMOW) | *"*%gr
ULM1 | dentine 3.1 11.71 | -19.03
ULM1 | enamel wa -12.778 -6.471 24239 | 0.7103
Discussion

The calculated 8'® 0w value for the tooth enamel in this study was -9.22%0 SMOW, whereas
modern ground water 3!80 values for the area where the sample was found are around -7%o
SMOW (Darling & Talbot 2003). The conversion of measured carbonate values to theoretical
phosphate values, and thence to probable water values, is fraught with uncertainty regarding
the factors in the equations used to make the conversions (see Pollard ef al. 2011 for
discussion). However, in this instance, there seems to be sufficient difference between the
likely drinking water composition at the time of tooth mineralisation, and the modern ground
water composition at the location where the sample was excavated, to suggest that this

individual was probably non-local.

The strontium isotopic composition of tooth enamel is strongly influenced by the
underlying geology at the time of tooth mineralisation (Bentley 2006; Chenery et al. 2010).
The underlying bedrock geology of the site area is upper Cretaceous chalk of the Seaford
Chalk Formation, with typical 87/8¢Sr ratios of between 0.708 and 0.709 (Evans et al. 2010).
However, the site lies relatively close to the boundary of the overlying Tertiary rock of the
Lambeth Group and the London Clay Formation, which have typical 87/%Sr ratios of between
0.709 and 0.710 (Evans ef al. 2010). The tooth enamel 87/86Sr ratio value measured from the
Oakridge individual was 0.710279 + 0.000014, which falls well outside of the range for the
local chalk and just outside of the range for the nearby Tertiary sediments. This also suggests
that this individual was probably not local; that is, she did not spend her early years, during

the time of M1 mineralisation, in the immediate area around Basingstoke.

The dentine collagen carbon and nitrogen stable isotopic results, of 8'3C -19.03%o (V-
PDB) and 8'°N of 11.71%o (AIR) respectively, suggest a predominantly terrestrial diet with a

minor marine protein component. However, in the absence of any associated faunal remains
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from the same location, it is impossible to give an absolute indication of what these values
might mean in terms of the relative amounts of plant versus terrestrial animal versus marine
protein consumed. Comparable local dietary isotopic data sets are available from Worthy
Park near Winchester, Hampshire (ca. 25 kilometres southwest of Basingstoke), and Alton,
Hampshire (ca. 15 kilometres to the southeast) (Hull 2008). These sites have yielded mean
313C values for adult human bone collagen of -20.38%o and -20.51%o, with a standard
deviation of 0.35 (n = 26) and 0.26 (n = 25) respectively, and mean 8'°N values of 8.59%o
and 9.11%o, with a standard deviation of 1.15 (n =26) and 0.70 (n = 25) respectively. By
comparison, the values for the Oakridge individual are higher in both 8'3C and 3!°N than the
means reported for the Worthy Park and Alton Saxon burials (Figure S3).

13 ’
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d @ Alton
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Figure S3. Oakridge collagen stable isotopic composition compared to two other inland human
assemblages from Hampshire (Hull 2008).
This suggests that the diet of the Oakridge individual was slightly anomalous compared to the
average diet that might be expected for inland Hampshire in middle Saxon times, with the
less negative value for 313C and the more positive value for 8'°N suggesting more of a marine
component in the Oakridge diet than usual for inland Hampshire. Taken alongside the
strontium and oxygen isotopic data, the dietary stable isotopic information is also compatible

with a probable non-local origin for this individual.
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4. ANCIENT DNA ANALYSIS

Sampling and extraction

The same left maxillary first molar that had been selected for the stable isotopic analyses was
also sampled for ancient DNA. Sample processing was done at the Ancient DNA Facility of
the University of Huddersfield (England) under dedicated clean-room conditions supplied by
a positive air pressure system. Full body suits, hairnets, gloves and face masks were worn
throughout the sampling, extraction and library preparation processes. All tools and surfaces
were constantly cleaned with bleach, LookOut® DNA Erase (SIGMA Life Sciences), as well
as with ethanol and long exposures to UV light.

The surface of the tooth root was decontaminated by UV radiation for 30 minutes on
each side, followed by cleaning with Spm aluminium oxide powder using a compressed air
abrasive system. The root was removed using a diamond-tipped cutting saw attached to a
hobby drill, and this was then shaken with a steel ball inside a metal shaker in a Mixer Mill
(Retsch MM400) for 30 seconds at 30Hz frequency. DNA was extracted from approximately
150mg of the sample tooth root powder produced, following the protocol by Yang et al.
(1998) with modifications by MacHugh et al. (2000). Blank controls were included
throughout the sampling procedure, extraction and library preparation to allow for estimation

of possible modern DNA contamination.

Library preparation

Next-generation sequencing libraries were constructed from DNA extracts using the methods
by Meyer & Kircher (2010) and Kircher et al. (2012), with modifications outlined in Gamba

et al. (2014) and Martiniano et al. (2014). All DNA purification steps were performed using

the QIAQuick MinElute purification kit (Qiagen) following the manufacturers protocol, with
the modification of adding 0.05% Tween 20 (Fisher BioReagents) to the Elution Buffer.

Three dual-indexed libraries were prepared for this sample as follows.

After treatment with USER (Uracil-Specific Excision Reagent) enzyme (NEB) for 3
hours at 37°C, the sample DNA underwent blunt-end repair step using NEBNext® End
Repair Module (NEB) for 15 minutes at 25°C followed by 5 minutes at 12°C. The sample
was cleaned using a QIAQuick MinElute PCR purification kit (Qiagen), and then adapter
ligation was performed using T4 DNA polymerase buffer (Thermo Scientific) at 22°C for 30
16
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minutes. After another QIAQuick purification step, the adapter fill-in step involved Bst DNA
Polymerase (NEB) at 37°C for 30 minutes, followed by heat inactivation of 20 minutes at
80°C. Dual-indexing amplifications were set up using AmpliTaq Gold (5U/ul), Thermopol
reaction buffer (10x), dNTPs (10mM each), both indexing primers (10uM each) and 10ul
DNA sample library. The following thermal cycling steps were used for amplification: 12
minutes at 95°C, followed by 10 cycles of 20 seconds at 95°C, 30 seconds at 60°C and 40
seconds at 72°C, and then a final extension step of 5 min at 72°C. The amplification product

was purified using the QIAQuick kit.

For the second amplification round, Accuprime Pfx Supermix (Life Technology) was
used, together with primers IS5 (10uM), IS6 (10uM) and 2.5ul of sample library.
Amplification took place under the following thermal cycling conditions: 30 seconds at 98°C,
followed by 10 cycles of 20 seconds at 98°C, 30 seconds at 60°C and 40 seconds at 72°C,
and then a final extension of 5 minutes at 72°C. The amplification products were purified as
described above, and quantified using a Qubit 3.0 Fluorometer, before quantifying the
libraries using an Agilent 2100 Bioanalyzer High Sensitivity DNA kit in order to pool them
together in an equimolar solution. NGS libraries were sequenced on an Illumina HiSeq2500

(1x100bp) by NBAF Liverpool.

Data processing and read mapping

The NGS reads were trimmed using cutadapt (v.1.13; Martin 2011), allowing a minimum
overlap of 1 base pair (bp) between read and adapter (adapter sequence:
AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC), and discarding reads shorter than
30bp. BWA aln (v. 0.7.12-r1039; Li & Durbin 2009) was used to map reads to both the
human mitochondrial genome (rCRS) and the human reference genome (UCSC hgl9),
filtering by base quality 15, and disabling seed length as recommended for ancient DNA data
(Schubert ef al. 2012). Samtools (v.1.3) was used to sort and filter reads, and to remove

amplification duplicates.

Ancient DNA authenticity

To assess the anti-contamination measures described above, negative controls were
introduced during each stage of sample processing. An air control and a water control were
included at the drilling and powdering stage. The air control consisted of an empty 1.5ml

Eppendorf tube, which was placed for one hour with an open lid in the cleaned work area
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between sample processing. For the water control, 2ml of ddH,O was shaken with a steel ball
inside a metal shaker in a Mixer Mill (Retsch MM400). 1ml of the water control was then
taken through the complete extraction protocol. Controls introduced during the extraction
process were quantified using a Qubit 3.0 Fluorometer. Negative controls from the extraction,
the USER treatment, and the amplification step (x2) were sequenced alongside the three

sample libraries on an [llumina HiSeq2500, using 100bp single-end reads.

The two main patterns of typical ancient DNA post-mortem degradation — over-
representation of C to T changes at the end of reads, and short sequence length — were
assessed using mapDamage 2.0 (Jonsson ef al. 2013) and bamdamage (Malaspinas et al.

2014). Reads were only taken into account if they had a minimum mapping quality of 30.

Genetic sexing and mitochondrial haplotype calling

To determine the sex of the analysed ancient sample, a software was used that calculates the
ratio of reads aligning to the X and Y chromosome reads from the whole genome dataset
(Skoglund et al. 2013). The mitochondrial haplotype was determined by aligning the
sequence reads to the revised Cambridge Reference Sequence (rCRS, NC 012920; Andrews
et al. 1999), using BWA aln filtering (with -b and -q 30) and removal of duplicate reads. The
mtDNA consensus sequence was called using Samtools mpileup, as in Martiniano ef al.
(2016). Haplofind (Vianello et al. 2013) was used to identify haplogroup defining mutations
and assign the haplogroup of the sample. The mtDNA coverage was estimated using EAGER
(Peltzer et al. 2016).

Results

The DNA content of all the controls introduced during the extraction process was too low to
be measured. Amplification reactions were quantified using a Qubit 3.0 Fluorometer (Table

S5).
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Table S5. Qubit measurements of the sequencing libraries.

DNA

concentration

ID (ng/pl)

USER blank 1.40

Sample Library 1 6.74
Sample Library 2 14.00
Sample Library 3 4.73
Amplification blank 0.88
Negative control library 0.99
Amplification blank 0.81

The contamination of all control samples was estimated to be lower than 0.5% (Gamba
et al. 2014). The program schmutzi (Renaud et al. 2015) was used to detect introduction of
modern mitochondrial contamination in the sample, with estimates ranging from 0.12% to
0.17%, which is very low. The two main patterns of post-mortem degradation were assessed
and the reads from the sample showed an increase in C to T and G to A transitions towards
the 5' and 3' ends, which are characteristic changes of ancient molecules (Briggs et al. 2007,
Brotherton et al. 2007). Although many sequences had a length of 100bp, this was inflated as
the sample was sequenced using 100bp single-end sequencing. Sequences greater than 100bp
were truncated but, in keeping with the DNA being from an ancient source, the average

sequence length was less than 100bp. The NGS sequencing results are displayed in Table S6.

Table S6. Next-generation sequencing results for the Oakridge individual.

Genome coverage|1.0143x
Contamination estimate|0.145% (0.12-0.17)
Mean mapping quality|12.029
GC content in %|45.61
Number of mapped reads|65,698,100
Number of mapped bases|3,260,000,000
Duplication rate|2.67%

The endogenous DNA content retrieved from the sample was calculated to be 70.08%. The
ratio of reads aligning to the X and Y chromosome allowed an unambiguous classification of

the sample as genetically female (XX) (Table S7).

Table S7. Molecular sex assignment of the Oakridge individual.

Ry |Standard error| 95% confidence interval | Assignment
0.0023 0 0.0022-0.0024 female
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The coverage of the mitochondrial genome was over 42x, and the individual was found to

have all the defining mutations of haplogroup H3gla (Table S8).

Table S8. Mitochondrial haplogroup and haplotype for the Oakridge individual.

Coverage | Haplogroup Haplotype
12 29% Mela 152C 263G 750G 1438G 2523Y 3992T 4135C 4418C 4769G 6776C
’ 5 8251A 8860G 10754C 15326G 15377G 16519C

Discussion

As morphological indicators were unable to identify the sex of the Oakridge individual
(mainly due to partial remains and young age of the individual), the sex was determined

genetically. From extracting and analysing the DNA, the person was found to be female.

She had a mitochondrial haplotype of H3gla. Today, over 40% of all maternal lineages
in Europe belong to haplogroup H. H3 has high frequency in modern-day Spain (Achilli et al.
2004) and in the Western Isles of Scotland (Brotherton ez al. 2013), and is also present in the
middle Neolithic period (including at Orkney) and the Bell Beaker culture in Europe
(Brotherton et al. 2013; Olalde ef al. 2018). H3g1 is generally seen in modern-day north-
western European people, with the root comprising solely of people from Denmark (data not
shown), although English, Scottish, Welsh, German and Dutch people also group within the
H3gl clade. Unfortunately, nothing can be said about the origin of the female based on her
maternal lineage. Looking at the nuclear DNA, the Oakridge specimen falls within the pattern
of genetic variation seen amongst other post-Roman and Anglo-Saxon individuals that have
been analysed from elsewhere in Britain. There is no evidence of African genetic input in this

individual.
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