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EXAMINING THE LIFE HISTORY OF AN INDIVIDUAL FROM
SOLCOR 3, SAN PEDRO DE ATACAMA: COMBINING

BIOARCHAEOLOGY AND ARCHAEOLOGICAL CHEMISTRY

EXAMINANDO LA VIDA DE UN INDIVIDUO DE SOLCOR 3,
SAN PEDRO DE ATACAMA: COMBINANDO LA BIOARQUEOLOGÍA

Y LA QUÍMICA ARQUEOLÓGICA

Christina Torres-Rouff 1 and Kelly J. Knudson2

Detailed life history information using multiple lines of evidence including the identification of geographic origins, health, and
body use indicators, can be used to elucidate the complex process of acculturation in the San Pedro de Atacama oases of
northern Chile during the Middle Horizon. This paper presents the results of bioarchaeological and archaeological chemical
analyses of the skeletal remains of an adult male (tomb 50, catalog number 1948) from the cemetery of Solcor 3 (ca. AD 500-
900). Strontium isotope ratios in human tooth enamel reveal information about where a person lived during their childhood,
when enamel was being formed. Individual 1948 showed strontium isotope ratios decidedly outside the range of the local San
Pedro de Atacama strontium isotope signature. Given these data implying that individual 1948 was originally from elsewhere,
an examination of his health status, social role, and mortuary context provides insight into the treatment of foreigners in San
Pedro de Atacama.
Our data support the argument that individual 1948’s foreign birth did not hinder his later assimilation into Atacameño society.
He was buried in a local cemetery with a typical mortuary assemblage for a male of this time and no strong evidence of possible
foreign origin. Skeletal indicators of diet and activity patterns do not distinguish individual 1948 from the local population,
suggesting that his lifestyle was similar to that of other Atacameños. Therefore, our analyses suggest that individual 1948’s
acculturation into Atacameño society during his adult life was nearly complete and he retained little to no indication of his
probable foreign birth.

Key words: Tiwanaku, South Central Andes, acculturation, paleopathology, strontium isotope analysis, trace element
analysis, bone chemistry.

Información detallada sobre la vida de un individuo, integrando múltiples líneas de evidencia que incluye identificación del
origen geográfico, condiciones de salud e indicadores de usos funcionales del cuerpo, puede ser utilizada para aclarar el
complejo proceso de la aculturación en los oasis de San Pedro de Atacama, norte de Chile durante el Horizonte Medio. Este
trabajo presenta los resultados de análisis bioantropológicos y químicos de un individuo (tumba 50, número de catálogo 1948)
del cementerio de Solcor 3 (ca. 500-900 d.C.) en San Pedro de Atacama. Las proporciones de los isótopos de estroncio en el
esmalte dentario humano revelan información acerca de donde una persona vivió durante su niñez, cuando el esmalte se forma.
El individuo 1948 muestra proporciones de isótopos de estroncio claramente fuera del rango que caracteriza a las poblaciones
locales de San Pedro de Atacama. Estos datos muestran que el individuo 1948 fue originalmente de un lugar foráneo. El
análisis de su salud, rol social y contexto mortuorio nos permite conocer el tratamiento social aplicado a los extranjeros en la
región de San Pedro de Atacama durante el Horizonte Medio.
Nuestros datos sostienen la idea que la condición de extranjero del individuo 1948 no fue una limitación para su asimilación en
la sociedad atacameña. Él fue enterrado en un cementerio local, a la moda local, sin que se resaltara su posible origen
foráneo. Además, los datos con respecto a su salud y estilo de vida no lo distinguen del resto de la población local. Por lo tanto,
nuestros análisis sugieren una total aculturación de este individuo en la sociedad atacameña durante su vida adulta, por lo que
retuvo poca o ninguna indicación de su probable nacimiento en un área foránea.

Palabras claves: Tiwanaku, Andes Surcentrales, aculturación, paleopatología, análisis de isótopos de estroncio, análisis
de elementos traza, química ósea.
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Although numerous archaeologists have ad-
dressed the effects of acculturation at a societal
level, the impact of assimilation or non-assimila-
tion by a group is rarely examined at the level of
the individual. Acculturation is generally con-
ceived of as smaller societies undergoing trans-
formations resulting from contact with a more
powerful group and ultimately “the loss of the
smaller society’s cultural distinctiveness as its
members adopt at the least the trappings, if not
the basic value structure, of the dominant society”
(Schortman and Urban 1998:104). Unfortunately,
this understanding of acculturation often negates
individual agency as well as the possibility for in-
corporation or transformation of cultural differenc-
es (Smith 2003). Bioarchaeology affords the op-
portunity to discern the individual in prehistory as
well as to provide unique insights into the indi-
vidual and his or her agency, a crucial element in
exploring societal structures (Meskell 2000).

In this research we present detailed life histo-
ry information using multiple lines of evidence,
including the identification of geographic origins,
health and body use indicators, to elucidate the
complex process of acculturation in the San Pedro
de Atacama oases of northern Chile during the

Middle Horizon (AD 500-1,000). Here we com-
bine two large sources of data, bioarchaeology and
archaeological chemistry, in order to provide a
more complete view into the life and death of one
particularly interesting individual from the Mid-
dle Horizon cemetery of Solcor 3: individual 1948
from tomb 50. Excellent preservation allows us to
examine him in great detail from osteological,
chemical, and archaeological perspectives.

As part of a larger project investigating mi-
gration and the Tiwanaku state in the South-Cen-
tral Andes (Figure 1), the second author examined
strontium isotope ratios in numerous samples of
dental enamel from three sites in the San Pedro de
Atacama oases (Knudson 2007; Knudson and Price
2007). Strontium ratios of human tooth enamel
reveal information about where a person lived dur-
ing their childhood when enamel was being
formed. Individual 1948 from Solcor 3 was one of
the few outliers in this analysis, showing stron-
tium ratios decidedly outside the range of the lo-
cal San Pedro de Atacama strontium isotope sig-
nature. Given these data suggesting that this
individual was originally from elsewhere, an ex-
amination of his health status, social role, and
mortuary context provides us with a unique op-

Figure 1. Map of the South Central Andes.
Mapa de los Andes Surcentrales.
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portunity to explore the treatment of foreigners in
pre-Columbian San Pedro de Atacama. We will
begin by discussing models of acculturation, pro-
vide a brief introduction to the San Pedro de
Atacama oases during the Middle Horizon, and
follow this with our interpretation of the bioarchae-
ological, mortuary, and archaeological chemical
data from individual 1948.

Theoretical Considerations

Analyzing the life history of individual 1948
from Solcor 3 allows us the opportunity to exam-
ine the potential migration and integration of one
individual into Atacameño society during the An-
dean Middle Horizon. As mentioned previously,
some scholars posited that San Pedro de Atacama
included a Tiwanaku colony during the Middle
Horizon, while others viewed it as a place of in-
terchange and more generalized population move-
ment. Archaeologists use multiple lines of evi-
dence to trace prehistoric migrations, which are
notoriously hard to see in the archaeological record
(Anthony 1990, 1992; Burmeister 2000; Feder
1981). Stein (2005:11) has argued that “the cor-
porate nature of the foreign community and its for-
malized ties with its homeland are important ele-
ments that provide a significant distinction
between colonies and episodes of migration by
individuals or families”. In the case considered
here, the presence of a colonial settlement would
imply a number of foreign individuals and likely
distinctive mortuary goods that suggest a relation-
ship with the Tiwanaku state. In contrast, small-
scale migration of individuals or families would
produce a different archaeological signature that
suggests greater assimilation and dominance of the
local community. Analyzing the life history of in-
dividual 1948 provides an opportunity for micro-
scale analysis of a particular migrant’s experience
and to document the nuances of this process in the
Middle Horizon Atacama.

Studies of acculturation formed the backbone
of anthropological investigations of colonial en-
counters in the early and mid twentieth century.
As Deagan (1998:28) notes, acculturation “was
often used by anthropologists of the period to in-
dicate an essentially unidirectional process of
change in a recipient culture through contact with
a donor culture”. More contemporary work has
integrated concepts of dynamism and agency for

local groups and views the process as one of re-
formulation (Cusick 1998; Deagan 1998; Smith
2003). Cusick (1998:139) argues that accultura-
tive models are particularly useful tools for exam-
ining undirected contact and syncretism. Accul-
turation studies in archaeology have generally
focused on populations, however life history or os-
teobiographic studies can contribute to an under-
standing at the level of the individual. More closely
tied to this project, examining the life history of
this individual from Solcor 3 allows us to explore
how a specific person lived and died in this pre-
historic period.

San Pedro de Atacama and Tiwanaku

The series of oases that comprise San Pedro
de Atacama are located at the confluence of the
San Pedro and Vilama Rivers at an altitude of 2,430
masl (Figure 2). The oases are verdant and sur-
rounded by the driest desert in the world. In this
harsh environment there is a long history of set-
tlement. The first evidence of a permanent human
presence dates to ca. 2,000 BC at the site of Puri-
pica, in the extreme north of the San Pedro River
valley (Núñez 1989:86). Habitation is generally
continuous from the time of this initial occupa-
tion, with sites established in the core of the oa-
ses, as well as in surrounding areas (Muñoz 1989).
During the initial occupation there is a shift away
from a nomadic, pastoralist lifestyle, towards the
construction of agglutinated villages and a sub-
sistence economy that is based not only on cam-
elid pastoralism, but also on developing agricul-
tural practices and burgeoning trade networks.

As these villages became more established
there is evidence of increasing interactions with
foreign groups. These included contacts with
smaller societies in the northwest of Argentina, as
well as larger political entities. Interactions with
the Tiwanaku state, based in the Lake Titicaca
Basin of highland Bolivia, are evident from at least
AD 600, and are clearly seen at Solcor 3 (Beren-
guer and Dauelsberg 1989:156; Bravo and Lla-
gostera 1986). Tiwanaku exerted a noticeable in-
fluence on the culture of the San Pedro peoples
during the Middle Horizon, however it may have
taken the form of a direct or indirect presence in
the oases. Interpretations of the type of influence
wielded by the Tiwanaku state in the Atacama
range from colonizing forces and established po-
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litical presence to the sharing of an iconographic
system and occasional traders who caravanned
across the altiplano (Knudson 2007; Knudson et
al. 2004; Kolata 1993; Llagostera 2004; Oakland
Rodman 1992; Torres-Rouff 2002; Torres and
Conklin 1995). Through either of these mecha-
nisms of interaction, it is likely that foreign indi-
viduals passed through or settled in the San Pedro
oases.

Some scholars have argued that colonies from
the altiplano site were physically present in San
Pedro de Atacama (Kolata 1993; Oakland Rod-
man 1992). Oakland Rodman’s (1992:326) anal-
ysis of textile patterns and weaving structures from

the Middle Horizon cemetery of Coyo Oriental
demonstrated that a “strong Tiwanaku influence
did disrupt the San Pedro cultural sequence, [and
that] there were most likely people physically
present whose original home was the Bolivian al-
tiplano”. She also posits that locals and foreigners
were buried together in the Coyo Oriental ceme-
tery (Oakland Rodman 1992:335). Kolata
(1993:277) concords with this argument, citing
“the presence of substantial colonies of altiplano
people from the Tiwanaku core area”.

In contrast, Torres and Conklin (1995:1-2)
argue that the Tiwanaku/San Pedro de Atacama
relationship was based on exchange of both goods

Figure 2. Map of the San Pedro de Atacama oases with sites mentioned in the text.
Mapa de los oasis de San Pedro de Atacama con los sitios mencionados en el texto.
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and ideas but not the physical presence of Tiwan-
aku colonists. They support this with a variety of
data including the absence of architectural features
or pure Tiwanaku burials and the occurrence of
Tiwanaku iconography on objects that are mainly
of a portable form. Recent data from metallurgi-
cal studies indicate that axes in San Pedro were
made from altiplano ores, suggesting an expan-
sive trade network (Lechtman and MacFarlane
2005). Similarly, arguments based on material
culture and bioarchaeological data suggest that
changes resulting from the spread of Tiwanaku did
not radically alter health and lifestyle and most
likely did not involve colonists (Costa Junqueira
et al. 2004; Llagostera 2004:135-137). While these
debates over the nature of San Pedro de Ataca-
ma’s interaction with the Tiwanaku state are un-
likely to be easily resolved, they do support the
notion that peoples from this area were mobile and
that Tiwanaku figured prominently in their world-
view.

The Cemetery of Solcor 3

The Solcor 3 cemetery is located in the core
of the San Pedro oases and was one of the major
burial locations of the Middle Horizon in the Ata-
cama. Of the sites in the area, it provides very
strong evidence of an interaction with Tiwanaku.
Bravo first excavated the site in 1983 under the
auspices of the Instituto de Investigaciones Ar-
queológicas in San Pedro de Atacama. This exca-
vation yielded 93 tombs. Subsequent excavations
occurred in 1987, directed by Llagostera. This sec-
ond excavation was a salvage operation necessi-
tated by impending construction in the area. Ap-
proximately 50 more tombs were opened as a result
of this work. A substantial portion of these remains
was not examined here as a result of preservation
- either excellent, resulting in mummification, or
poor or disturbed resulting in fragmentary remains.
The cemetery was in use from AD 400-900 and
covers both a pre-Tiwanaku phase and a later phase
that shows evidence of Tiwanaku influence (Bra-
vo and Llagostera 1986; Llagostera et al. 1988).
The burials from Solcor 3 were in cylindrical pits
with flat floors between 1 and 2 meters in depth
(Bravo and Llagostera 1986:323). The majority of
these burials are of single individuals (n = 49). In-
dividuals were generally buried in a flexed and
seated position, fully wrapped in textiles and sur-

rounded by grave goods. In using these mortuary
arrangements the people of Solcor 3 followed well-
established Atacameño funerary customs and does
not appear to have been influenced by outside
groups (Bravo and Llagostera 1986:324).

Bioarchaeology: A Brief Introduction

A bioarchaeological approach can help to elu-
cidate the nature of Tiwanaku influence in San
Pedro de Atacama and in the burials from Solcor
3. Briefly, bioarchaeology is the study of prehis-
toric human behavior through the analysis of hu-
man skeletal remains from archaeological contexts.
It attempts to provide a biological perspective to
archaeological examinations (Buikstra 1977; Lars-
en 1997:3). The study of human remains has gen-
erally been incorporated into biological anthropol-
ogy; however the bioarchaeological approach uses
these methods and techniques to answer questions
of archaeological significance. The Andes is one
of the foundational research areas for bioarchae-
ology because of the excellent preservation of hu-
man remains and a long history of research (Arri-
aza 1995; Blom 1999; Blom et al. 1998; Sutter
2000; Verano 1995; Verano and Ubelaker 1992).
As an integrative approach, bioarchaeological anal-
yses are particularly appropriate for an examina-
tion of individual life histories. By focusing on
one individual we hope to provide information akin
to a life history, and as such fall within the para-
digm of contemporary bioarchaeological or osteo-
biographic studies as well as some post-processu-
al archaeological approaches (e.g. Meskell 2002;
Saul 1972).While the modern emphasis in bioar-
chaeology is on larger populations studies, indi-
vidual case studies have formed the basis of the
field and contribute to an understanding of bio-
logical variation (Larsen 1997:3).

Using an interdisciplinary approach that in-
corporates methods and data from biological an-
thropology, archaeology, cultural anthropology,
medical science, geography, history, and other re-
lated disciplines, bioarchaeologists analyze human
adaptation and change (Buzon et al. 2005). This
approach enables more accurate assessment and
interpretation of osteological data (Walker 1996).
Human skeletal remains are a valuable source of
information for addressing issues of social orga-
nization and state involvement in individual lives.
A more complete picture of the past results from
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combining multiple data sources and helps to
counter the biases and limitations inherent in skel-
etal data (Goodman 1993; Steckel and Rose 2002;
Wood et al. 1992; Wright and Yoder 2003). Most
significantly, bioarchaeology focuses on both the
social and biological dimensions of a lived human
experience. It allows for a unique opportunity to
understand the dynamic interaction between envi-
ronment, culture, and human biology.

An array of bioarchaeological data was col-
lected on individual 1948 from the Solcor 3 cem-
etery. Methods were based on the Standards for
Data Collection from Human Skeletal Remains
(Buikstra and Ubelaker 1994). This investigation
is framed by demographic and paleopathological
data, together with information on cultural modi-
fications of the body. Age determinations by the
first author were based on dental development,
tooth wear, cranial suture closure and the Suchey-
Brooks method for aging the pelvis (Brooks and
Suchey 1990; Buikstra and Ubelaker 1994:15-20;
Ubelaker 1989:63-65). Sex was determined using
cranial and pelvic features (Buikstra and Ubelak-
er 1994:21-38).

The skeletal remains were also examined for
numerous indicators of health status by the first
author. Traumatic injuries, either accidental or due
to intentional violence, can provide information
about one’s environment including social conditions
and activity patterns (Buikstra and Ubelaker
1994:119-120; Walker 1989). It has been argued
that cranial trauma and weapon wounds provide the
strongest evidence for interpersonal violence (e.g.
Alvrus 1999). Data on osteoperiostitis, an indica-
tor of systemic infections and/or trauma (Aufder-
heide and Rodriguez-Martin 1998) and patterns of
osteoarthritis, which reveal occupational stressors
and gender-based division of labor (Hollimon 1991),
were examined as well. Osteoarthritis, evidenced
by lipping, porosity and eburnation, was recorded
by location, severity and extent.

An investigation into dietary stress was con-
ducted through the documentation of the expres-
sion of lesions associated with nutritional deficien-
cies, including porotic hyperostosis of the cranial
vault and cribra orbitalia (Stuart-Macadam 1985;
Stuart-Macadam and Kent 1992; Walker 1985).
Porotic hyperostosis has been linked to iron defi-
ciency anemia, possibly stemming from nutritional
deficiencies, inadequate absorption of iron, para-
sitic infection, and as an “adaptation” to disease

and microorganism invasion (El-Najjar et al. 1976;
Kent 1986; Lallo et al. 1977; Stuart-Macadam and
Kent 1992; Walker 1985, 1986). Porotic hyperos-
tosis was recorded as present when porosity with
coalescing foramina were apparent on the ectoc-
ranial surfaces of the cranial vault and/or on the
superior surface of the orbits (cribra orbitalia) and
with remodeled and unremodeled lesions noted as
well as the degree of severity (porosity, coalesc-
ing foramina, thickening). Finally, data was col-
lected on stature based on femoral length (Buik-
stra and Ubelaker 1994).

Dental observations were also recorded; car-
ies, abscesses, antemortem tooth loss, and enamel
hypoplasia provide direct evidence for nutrition
and health (Cohen and Armelagos 1984; Hillson
1996). The prevalence of caries, for example, tends
to increase with the consumption of carbohydrate-
rich foods and may provide information about
shifts in diet (Cohen and Armelagos 1984; Hill-
son 1979; Walker and Erlandson 1986). Carious
lesions were identified based on the presence of
dark eroded regions of enamel. Antemortem tooth
loss is linked to caries as well as overall health
status and was identified based on the absence of
teeth and the extent of alveolar remodeling. The
presence of a drainage channel in the alveolar bone
was taken to indicate an abscess. Together, these
dental indicators provide evidence of both diet and
overall health status.

Incidences of hypoplasia were recorded to
document acute stress during growth. Hypoplasia
is a deficiency in enamel thickness resulting from
a disruption in the secretory/matrix formation
phase of amelogenesis. This pathological condi-
tion is frequently associated with the presence of
systemic metabolic stress (Dobney and Goodman
1991; Goodman and Armelagos 1985; Goodman
et al. 1980; Holland and O’Brien 1997). Enamel
hypoplasia was determined by the presence of a
continuous linear horizontal groove or series of
pits on the buccal surface of the tooth. This pro-
vides a permanent record of dietary stress, as enam-
el cannot be remodeled.

Data was also collected on cultural modifica-
tions of the body, which manifest archaeological-
ly in the Atacama as cranial modification and the
use of labrets (lip plugs); these practices respond
to changes in the social environment. Labret use
leaves not only the material artifact itself, often as
a grave inclusion, but also results in abrasion of
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the dental enamel that is visible after death (Cy-
bulski 1974; Torres-Rouff 2003b). Cranial vault
modification is the intentional reshaping of the
head through the use of binding fabrics and/or stiff
pads. This is typically done during infancy and
early childhood, while the bones of the skull are
still malleable, in order to attain a desired head
shape. In the Andes, these head shapes are cultur-
ally proscribed and are related to group identity
(Antón 1989; Blom 1999; Blom et al. 1998; Co-
cilovo and Zavattierri 1994; Dembo and Imbello-
ni 1938; Hoshower et al. 1995; Munizaga 1969;
Torres-Rouff 2002, 2003a). The head shape of the
individual buried in tomb 50 was compared to oth-
ers buried in the same cemetery. The final set of
data used in this analysis is also cultural. Archae-
ological data based on the grave structure and the
mortuary assemblage that accompanied this indi-
vidual in his death was collected. Data concern-
ing material culture, type and origin was compared
to others in the Solcor 3 cemetery.

Tomb 50: The Bioarchaeological Data

The male (1948) (Figure 3) buried in tomb 50
was between 40 and 50 years old at death, an age
at death that was typical for this area. He was ac-
companied by the fragmented remains of an in-
fant of approximately 1.5 years of age with no ob-
servable pathologies or exclusive grave offerings.
Paleopathological data reveal an individual with
little evidence of stress. He had slight osteoperi-
ostitis on his tibias with no visible cause. More-
over, he also had osteoarthritic developments in
his jaw with porosity and remodeling of both
temporomandibular joints; these are in keeping
with his age and the expected body use that he
would have endured to this point. This pattern of
degenerative joint disease was common in the
adult portion of the sample, being visible in nearly
20% (n = 18/92) of the individuals from this cem-
etery. This indicates a lifestyle in keeping with that
of other members of his group.

Figure 3. Cranium, individual 1948.
Cráneo, individuo 1948.



Christina Torres-Rouff and Kelly J. Knudson242

He bore few signs of violent traumatic injury
despite the inclusion of an axe with a copper blade,
bows and arrows in his tomb. However, his left
second rib showed a healed fracture that did not
affect other ribs (Figure 4). Post-cranial trauma is
commonly caused by accidents, and unlike crani-
al trauma, is not usually associated with violence
(Alvrus 1999). Trauma was not unusual at Sol-
cor 3, and nearly 11% (n = 11/107) of the remains
from this cemetery showed evidence of healed
cranial injuries, mostly in the form of depressed
fractures of the parietals and broken nasal bones.
Previous studies have indicated that 15.6% of the
Solcor 3 burials had post-cranial trauma, prima-
rily in the form of parry fractures, although three
other individuals (all adult males) had rib frac-
tures caused by arrow penetrations (Lessa and
Mendonça de Souza 2004). This is not the case
for individual 1948, whose healed wound shows
no evidence of cause.

Paleopathological indicators suggest that this
individual generally led a healthy life. He showed
no indication of dietary stress in the form of po-
rotic hyperostosis, cribra orbitalia or enamel hy-
poplasia. Porotic hyperostosis and cribra orbitalia
were very rare in this sample (1.87%; 2/107 and
4.63%; 5/108, respectively), as would be expect-

ed during a prosperous period. The enamel hypo-
plasia data is complicated by the high rate of ante-
mortem tooth loss in the Atacama. While individ-
ual 1948 did not have evidence of hypoplasia,
16.67% (n = 10/60) of the population did indicat-
ing that his nutrition was not severely compro-
mised in infancy and early childhood. Also sup-
porting this idea is the length of his femur, a proxy
for stature. His femoral length of 424 mm approx-
imates the average for all adult males from Solcor
3 (421.23 mm) also suggesting that his nutrition
was not compromised during childhood.

In keeping with patterns of poor dental health
in the Atacama, individual 1948 had lost 10 of his
teeth1 before death, showing evidence of substan-
tial resorption and remodeling of the alveolar pro-
cess. In the remaining 22 teeth he showed no evi-
dence of calculus or abscesses and had only one
large carious lesion on his left upper canine. Pre-
vious examinations of dental health at Solcor 3
show that 35% of the population had caries (Mur-
phy et al. 1991). Moreover, more than half of the
population suffered from antemortem tooth loss
(52%) and abscesses were present in 7.4% of the
population (Murphy 1993). Similar results were
obtained from contemporary cemeteries (Kelley
et al. 1991; Murphy et al. 1991). Against this back-

Figure 4. Healed fracture of left second rib, inferior view, individual 1948.
Fractura cicatrizada de la segunda costilla izquierda, vista del inferior, individuo 1948.
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ground, individual 1948’s poor dental health is not
unusual and likely reflects the local diet, which is
high in carbohydrate-laden foods such as maize,
algarrobo and chañar nuts. In addition, Langsjoen’s
(1996) study of north Chilean populations suggests
that high rates of ante-mortem loss of posterior
teeth could be associated with coca chewing; this
may also be a contributing factor here since coca
chewing was practiced in the region.

In relation to cultural modifications to the
body, individual 1948 was not buried with a la-
bret, an adornment seen with only in two adult
males (2/52 males) in this sample. Moreover, he
does not appear to show evidence of intentional
cranial modification although his skull evidences
some slight lambdoidal flattening. This is of par-
ticular interest if this individual moved to the San
Pedro oases as a child or young adult. Head shap-
ing must be performed during infancy, when the
bones of the head can be modified and retain their
new shape, and as such is a signifier of origin. Head
shaping was a common practice in the pre-Colum-
bian Atacama (Munizaga 1969). At Solcor 3, over
half the population (51.4%) showed evidence of
cranial modification, the majority in the tabular
erect style that is considered a local form (Muni-
zaga 1969; Torres-Rouff 2002). This is a rate that
is consistent with contemporary cemeteries
(Torres-Rouff 2003a).

Tomb 50: The Mortuary Context

While the bioarchaeological data provides
much useful information about this individual’s
life, information about the mortuary context is
also vital. Like most tombs in the cemetery, tomb
50 was a cylindrical pit burial, oriented towards
the Andean range, east of the oases. The 1.5-year-
old infant was found at the side of the adult. The
burial was also accompanied by a camelid offer-
ing. As such, the individual considered here was
buried according to the established mortuary pat-
terns for individuals in this area. Although the
individual buried in tomb 50 was not buried with
any Tiwanaku-style artifacts, a thermolumines-
cence date for his tomb is 720+95 AD placing it
squarely in the time of Tiwanaku influence in the
San Pedro oases (Bravo and Llagostera 1986:329;
Llagostera 1995).

Grave goods in tomb 50 are typical of a male
from this period in San Pedro de Atacama (Bravo

and Llagostera 1986:329). His burial included a
wooden snuff tablet carved with a three-dimen-
sional sacrificer figure with a trophy head in his
left hand, a wooden tube carved with a condor fig-
ure, and a spoon (Llagostera et al. 1988). The snuff
complex is ubiquitous during this period in the
Atacama. The weapons in his grave included a
copper bladed axe, and a fragmented bow and ar-
row. Again, in keeping with local burial traditions,
his bow and arrow were broken before they were
interred with him. These types of grave inclusions,
snuffing paraphernalia and weapons, are also high-
ly gendered grave goods in the Atacama, being
found nearly exclusively with males (Torres et al.
1991). Individual 1948 also had five coiled bas-
kets, three gourds, and six ceramic vessels - both
negro pulido (a local form typical of the Middle
Horizon that is a fine, highly burnished, blackware)
and gris grueso pulido (a thick gray variant of the
same). Llagostera et al. (1988:95) have described
this assemblage as atypical because it includes
these two ceramic variants in addition to one frag-
mented vessel from an earlier period. In addition
to these containers individual 1948 also had a ce-
ramic box, a wooden box and a number of collec-
tions of organic materials. While nothing in his
tomb was out of the ordinary for this cemetery it
should be noted that he had no foreign goods, from
Tiwanaku or elsewhere, and displayed an abun-
dance of grave wealth similar to others at Solcor 3.

Archaeological Chemistry and
Human Remains

Finally, we used archaeological chemistry to
identify where this individual lived during enam-
el and bone formation. Briefly, strontium isotope
analysis is becoming an increasingly common way
for archaeologists and bioarchaeologists to answer
questions about human migration (e.g. Bentley et
al. 2002; Grupe et al. 1997; Knudson et al. 2004;
Montgomery et al. 2003; Price et al. 2001; Price
et al. 1994; Sealy et al. 1995; Wright 2005a). Al-
though geologists initially used the natural varia-
tion of strontium isotopes in the environment to
date igneous and sedimentary rocks, researchers
in archaeology, biology, geology and paleontolo-
gy have begun to utilize the fact that different geo-
logic environments have different strontium iso-
tope ratios to answer a wide variety of questions,
such as the identification of animal migration pat-



Christina Torres-Rouff and Kelly J. Knudson244

terns (Hoppe 2004; Hoppe et al. 1999; Ingram and
Weber 1999; Kennedy et al. 1997). However, most
strontium isotope analyses in archaeology have
been used to answer questions about human mi-
gration (Bentley 2006; Bentley et al. 2003; Bent-
ley et al. 2002; Ezzo et al. 1997; Ezzo and Price
2002; Farnum et al. 2003; Grupe et al. 1997; Knud-
son 2004; Knudson et al. 2004; Montgomery et
al. 2000; Montgomery et al. 2003; Montgomery
et al. 2005; Price et al. 2001; Price et al. 1998;
Price et al. 1994; Price et al. 2000; Price et al. 2006;
Schweissing and Grupe 2003a, b; Sealy et al. 1995;
Sealy et al. 1991; Sillen et al. 1995; Sillen et al.
1998; Wright 2005a, b).

Differences in strontium isotope ratios in hu-
man tooth enamel and bone can be used to iden-
tify migration and the geologic origins of immi-
grants (Ericson 1985, 1989; Krueger 1985; Price
et al. 1994; Sealy et al. 1991; Sillen et al. 1989).
Humans incorporate strontium into their bodies
mainly through the consumption of food and wa-
ter (Schroeder et al. 1972). Because their atomic
radii are similar, strontium substitutes for calci-
um in hydroxyapatite during the development of
teeth and bones (Carr et al. 1962; Dolphin and
Eve 1963; Elias 1980; Elias et al. 1982; Hodges
et al. 1950; Kulp and Schulert 1962; Lowenstam
and Weiner 1989; Schroeder et al. 1972). Unlike
lighter isotopes, substantial fractionation does not
occur between different isotopes of strontium as
the elements are incorporated into hydroxyapa-
tite because the mass differences between the
various isotopes of strontium are so small (Price
et al. 2002).

Therefore, the isotope ratios of strontium
found in an individual’s bone and teeth reflect the
isotopic ratios found in the plants, animals and
water that she or he consumed, which in turn re-
flect the isotope ratios found in the soil and bed-
rock of that geologic region. Since bone continu-
ally regenerates, the strontium isotope ratios in
human bone will reflect the geologic region in
which a person lived before death. The exact num-
ber of years before death that are represented will
depend on the skeletal element analyzed. Howev-
er, tooth enamel does not regenerate after it has
formed, so the strontium isotopes in tooth enamel
will reflect the geologic region in which a person
lived while her or his tooth enamel formed.

In contrast, archaeologists have traditionally
used the concentration of strontium in human tooth

enamel and bone to determine paleodiet, not mi-
gration. As previously discussed, strontium sub-
stitutes for calcium in biological systems (Carr et
al. 1962; Dolphin and Eve 1963; Elias 1980; Elias
et al. 1982; Hodges et al. 1950; Kulp and Schulert
1962; Lowenstam and Weiner 1989; Schroeder et
al. 1972). However, the amount of strontium rela-
tive to calcium decreases as one moves up the food
chain because of biopurification of calcium (Bal-
ter 2004; Dolphin and Eve 1963; Elias 1980; Elias
et al. 1982; Schroeder et al. 1972). Therefore, the
ratio of strontium to calcium (Sr/Ca) in bones is
lowest for carnivores, slightly higher for herbi-
vores, and the highest Sr/Ca ratios are found in
plant materials (Balter 2004; Dolphin and Eve
1963; Elias et al. 1982; Price et al. 1985; Price et
al. 1986; Schroeder et al. 1972). This information
has been used by archaeologists to determine the
amounts of plant and animal material in an indi-
vidual’s diet (Baraybar 1999; Brown 1974; Bur-
ton 1996; Ezzo 1992a; Ezzo et al. 1995; Farnum
and Sandford 2002; Schoeninger 1979; Schut-
kowski et al. 1999; Sillen 1981, 1992; Sillen et al.
1995; Tomczak 1995). In addition, the ratio of
barium to calcium has been used to identify ma-
rine food consumption when used in conjunction
with strontium concentration data (Burton and
Price 1990, 1991).

However, a number of researchers have iden-
tified various limitations of using strontium and
barium concentrations to determine paleodiet (Bur-
ton 1996; Burton and Price 2000; Elias 1980;
Fuchs 1987; Pate and Brown 1985; Radosevich
1993; Sandford and Katzenberg 1992; Sandford
and Weaver 2000; Schoeninger 1978, 1979, 1989;
Sillen 1981, 1992; Sillen et al. 1995; Sillen and
Kavanagh 1982; Sillen et al. 1989). For example,
the strontium and barium concentrations in differ-
ent geologic zones vary widely, which ensures that
the strontium and barium concentrations in human
bone from different geologic zones also vary wide-
ly (Odum 1951; Schoeninger 1979, 1989; Schroed-
er et al. 1972; Sillen and Kavanagh 1982; Tureki-
an and Kulp 1956a, b). By utilizing the variability
of strontium and barium concentrations in differ-
ent geologic zones, archaeologists may be able to
identify migration (Burton et al. 2003).

Finally, one of the most important aspects of
biogeochemical analysis of archaeological human
remains is ensuring that the chemical signatures
do not reflect post-depositional contamination. It
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is well established that bone is susceptible to di-
agenetic contamination from the burial environ-
ment (Budd et al. 2000; Edward and Benfer 1993;
Ericson 1993; Ezzo 1992b; Grupe et al. 1999;
Hancock et al. 1989; Horn and Muller-Sohnius
1999; Lambert et al. 1991; Nelson et al. 1986;
Nielsen-Marsh and Hedges 2000a, b; Pate and
Brown 1985; Price et al. 1992; Sillen 1989; Sillen
and Sealy 1995; Stuart-Williams et al. 1996; Wal-
dron 1981, 1983; Waldron et al. 1979). However,
tooth enamel is resistant to diagenetic contamina-
tion (Budd et al. 2000; Budd et al. 1998; Chiara-
dia et al. 2003; Grupe et al. 1997; Hillson 1996;
Kohn et al. 1999; Lee-Thorp and Sponheimer
2003; Molleson 1988; Montgomery et al. 1999;
Price et al. 1994; Shellis and Dibdin 2000; Ver-
nois et al. 1988). Mechanical and chemical clean-
ing of archaeological tooth enamel and bone can
eliminate much of the diagenetic contamination
that occurs (Lambert et al. 1991; Nielsen-Marsh
and Hedges 2000b; Price et al. 1992; Price et al.
1994; Sillen and LeGros 1991; Sillen and Sealy
1995). In addition, a number of different tech-
niques, including monitoring the ratio of calcium
to phosphorus (Ca/P) can identify contaminated
samples during sample analysis (Bentley 2001;
Edward and Benfer 1993; Hancock et al. 1989;
Knudson 2004; Kohn et al. 1999; Kyle 1986; Niels-
en-Marsh and Hedges 2000a, b; Price et al. 2002;
Price et al. 1994; Sillen 1989; Wright and
Schwarcz 1996).

Strontium Isotope and Trace Element
Concentration Data from Tomb 50, Solcor 3

Strontium isotope results

The strontium isotope ratios in exposed bed-
rock in the San Pedro de Atacama region are
87Sr/86Sr = 0.7062-0.7068 (Rogers and Hawkes-
worth 1989). Strontium isotope ratios in modern
and archaeological fauna from the San Pedro de
Atacama region are similar, although slightly high-
er. The local range of the San Pedro de Atacama
region is 87Sr/86Sr = 0.7074-0.7079, and is the
mean of three bone samples from local San Pedro
de Atacama fauna, plus or minus two standard
deviations (Figure 5, Table 1) (Price et al. 2002).
The majority of the archaeological human sam-
ples from three San Pedro cemeteries are between
87Sr/86Sr = 0.7074-0.7079, which suggests that the
fauna bone samples more accurately reflect the
local range of the San Pedro inhabitants than the
geologic data (Knudson 2004).

In general, the strontium isotope data from
human tooth enamel from the cemetery of Sol-
cor 3 shows that many of the individuals buried
in Solcor 3 likely came from the same geograph-
ic area (Knudson 2004). Of the 153 individuals
buried at Solcor 3, ninety-two individuals were
included in previous biodistance and cranial
modification studies (Torres-Rouff 2002). Of
these 92 individuals, strontium isotope analysis

0.712522

0.707511 0.707659 0.707762

0.709291 0.709368

0.710561

0.700

0.702

0.704

0.706

0.708

0.710

0.712

0.714

0.716

87
Sr

/8
6S

r

Range for local San Pedro 87Sr/86Sr values: 0.7074-0.7079  
Range for loc  al Tiwanaku values: 87Sr/86Sr=0.7083-0.7112

 Solcor-3 Tomb 50 San Pedro Cuy San Pedro Mouse San Pedro Dog Chiripa Cuy Tiwanaku Cuy Lukurmata Cuy

Figure 5. Strontium isotope data from first molar tooth enamel from individual 1948 as well as modern and archaeological
fauna from the San Pedro de Atacama oasis and the southeastern Lake Titicaca Basin where Tiwanaku is located.
Datos de isótopo de estroncio del esmalte del primer diente molar del individuo 1948, de la fauna moderna y arqueológica de
los oasis de San Pedro de Atacama y el sudeste de la cuenca del Lago Titicaca donde se localiza Tiwanaku.
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was performed on tooth enamel from 16 indi-
viduals in order to test the hypothesis that the
individuals buried with Tiwanaku-style artifacts
were immigrants from the Lake Titicaca Basin
(Knudson 2004).

Compared to the strontium isotope ratios in
individuals buried in the cemeteries of Coyo 3 and
Coyo Oriental, there is more variability in the stron-
tium isotope ratios seen in tooth enamel at Solcor 3
(Knudson 2004). In fact, out of the 16 individuals
analyzed, nine individuals had strontium isotope
ratios in their first or second molar enamel that were
outside of the local San Pedro de Atacama signa-
ture of 87Sr/86Sr = 0.7074-0.7079 (Knudson 2004).
However, eight of these individuals were only slight-
ly outside of the local range of 87Sr/86Sr = 0.7074-
0.7079 (Knudson 2004). This implies that individ-
uals buried at Solcor 3 had access to foods from
agricultural fields in a slightly different location, or
ate a different or more varied diet, than the individ-
uals buried at Coyo 3 and Coyo Oriental.

Only one individual buried at Solcor 3 had a
strontium isotope ratio that is clearly non-local.
Individual 1948 exhibited strontium isotope ratios
in his upper right first molar that were well out-

side of the local San Pedro de Atacama strontium
isotope ratios (SC3-50, 87Sr/86Sr = 0.712522) (Fig-
ure 5, Table 1, Appendix 1). This implies that this
individual did not live in the San Pedro de Ataca-
ma oasis during the first three years of his life.
Despite the hypothesis that some individuals bur-
ied at Solcor 3 were immigrants from the Lake
Titicaca Basin, the strontium isotope ratio in this
individual’s tooth enamel is not within the local
strontium isotope signature in the southeastern
Lake Titicaca Basin (87Sr/86Sr = 0.7083-0.7112).
Individual 1948 does have a strontium isotope sig-
nature that is similar to the northeastern Lake Titi-
caca Basin, where strontium isotopes in surface
water from the Río Suches were 87Sr/
86Sr = 0.712002-0.713458 (Grove et al. 2003).
However, it is possible that this individual came
from a region for which we do not yet have stron-
tium isotope ratio data.

Finally, it is unlikely that the non-local stron-
tium isotope signature in this individual’s tooth
enamel was caused by the consumption of stron-
tium in non-local foods. If this individual’s diet,
or his mother’s diet, during breastfeeding, consist-
ed of locally-grown terrestrial products and local-

Table 1. Strontium isotope and trace element concentration data for archaeological human remains from
Solcor 3 Tomb 50 and archaeological and modern fauna from San Pedro de Atacama

and the southeastern Lake Titicaca Basin.
Datos de isótopo de estroncio y de la concentración de elementos traza

de restos humanos de la tumba 50 de Solcor 3, y de la fauna moderna y arqueológica de los oasis
de San Pedro de Atacama y el sudeste de la cuenca del Lago Titicaca.

Lab Specimen Corrected Log Log
Site (Region) Number Number Material 87Sr/86Sr (Ba/Ca) (Sr/Ca)

Solcor 3 (San Pedro de Atacama) F1681 SC3–50 human URM1 0.712522 NA NA
Solcor 3 (San Pedro de Atacama) F1683 SC3–50 human rib NA –4.01 –2.75
Quitor–6 (San Pedro de Atacama) F1635 QT6–18 mouse bone (archaeological) 0.707659 –3.76 –2.49
Quitor–6 (San Pedro de Atacama) F1636 QT6–33 dog bone (archaeological) 0.707762 –3.84 –2.62
Quitor–6 (San Pedro de Atacama) F1714 SPA1 cuy bone (modern) 0.707511 –3.86 –2.23
Chiripa (Titicaca Basin) F1024 Ch1A cuy bone (modern) 0.709291 NA NA
Lukurmata (Titicaca Basin) F1025 L2A cuy bone (modern) 0.710561 NA NA
Tiwanaku (Titicaca Basin) F1026 T1A cuy bone (modern) 0.709368 –3.72 –2.58
Tiwanaku (Titicaca Basin) F1715 T3A cuy bone (modern) NA –3.43 –2.66
Tiwanaku (Titicaca Basin) F1913 T3B cuy bone (modern) NA –3.48 –2.64
Tiwanaku (Titicaca Basin) F1716 T4A cuy bone (modern) NA –3.48 –2.64
Tiwanaku (Titicaca Basin) F1914 T4B cuy bone (modern) NA –3.48 –2.67
Tiwanaku (Titicaca Basin) F1912 T5A cuy bone (modern) NA –3.30 –2.51
Tiwanaku (Titicaca Basin) F1915 T5B cuy bone (modern) NA –3.34 –2.51
Tiwanaku (Titicaca Basin) F1717 T6A cuy bone (modern) NA –3.31 –2.47
Tiwanaku (Titicaca Basin) F1916 T6B cuy bone (modern) NA –3.35 –2.48
Tiwanaku (Titicaca Basin) F1718 T7 cuy bone (modern) NA –3.18 –2.41
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ly-procured camelids and freshwater products, the
strontium in the diet would have come predomi-
nately from high-strontium parts of terrestrial
plants rather than the low-strontium meat or fish
products. Grave goods in the cemeteries of Coyo 3,
Coyo Oriental and Solcor 3 include maize, algar-
robo, camelid bones and freshwater shells (Costa-
Junqueira and Llagostera 1994; Oakland Rodman
1992). These foodstuffs could be raised or pro-
cured near the oases and it is unlikely that large
quantities were imported.

Trace element concentrations results

Trace element analysis on a rib fragment from
individual 1948 was initially used to determine the
amount of diagenetic, or post-depositional, con-
tamination in the bone (Knudson 2004). Monitor-
ing the ratio of calcium to phosphorus (Ca/P) in
skeletal material can identify contaminated sam-
ples because contaminated bone will have a much

higher Ca/P ratio that the biogenic ratio of Ca/
P = 2.1:1 (Price et al. 1994; Sillen 1989). For this
individual, there is little evidence of diagenetic
contamination because Ca/P = 2.25.

In addition, modern and archaeological fau-
nal bones from San Pedro de Atacama and the
southeastern Lake Titicaca Basin were analyzed
using inductively coupled plasma atomic emission
spectrometry (ICP-AES) in order to determine the
regional differences in strontium to calcium and
barium to calcium ratios in the South Central
Andes (Appendix 1). Barium, calcium and stron-
tium concentrations show that most fauna from the
southeastern Lake Titicaca Basin and the San
Pedro de Atacama oasis do not cluster together
(Figure 6, Table 1). The trace element concentra-
tions from the bone of individual 1948 are closer
to the San Pedro fauna than the Lake Titicaca Ba-
sin fauna (Figure 6, Table 1). This implies that in-
dividual 1948 lived in or near the San Pedro de
Atacama oasis in the years before death.
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Figure 6. Trace element concentration data of modern and archaeological fauna from the San Pedro de Atacama oasis and the
southeastern Lake Titicaca Basin where Tiwanaku is located, as well as trace element concentration data on a rib fragment from
the adult male buried in Tomb 50.
Datos de la concentración de los elementos traza de la fauna moderna y arqueológica de los oasis de San Pedro de Atacama y
el sudeste de la cuenca del Lago Titicaca donde se localiza Tiwanaku, y datos de la concentración de los elementos traza en un
fragmento de costilla del individuo 1948.
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Discussion and Conclusion

This in-depth analysis has allowed us to ex-
plore the life of one individual in the prehistoric
San Pedro oases. Doing so has provided a glimpse
into patterns of body use, cultural relationships,
and mobility and how this individual was assimi-
lated into Atacameño society. Strontium isotope
and trace element concentration analysis shows
that despite being buried there, individual 1948
likely lived outside of the San Pedro de Atacama
oases for the first years of life. Scholars have ar-
gued that initial migrant populations tend to be
young and male (Anthony 1990:905; Burmeister
2000:545, 549) a finding that concords with our
investigation. However, if individual 1948 was
born and spent the early years of his life away from
the San Pedro oases, our data imply that this did
not necessarily hinder his later inclusion into Ata-
cameño society. In contrast, our data show that he
likely underwent a process of acculturation.

Individual 1948 was buried in a local ceme-
tery, in local fashion, with no indication of his
possible foreign origin. Even his grave goods were
local in origin, without any evidence of trade goods
from the Tiwanaku state or elsewhere. Moreover,
he had the typical accoutrements of a man of his
era including weapons and snuffing parapherna-
lia, objects found in many adult male graves at
Solcor 3 and more typically throughout the San
Pedro oases.

Beyond the mortuary data, analyses of his
skeleton support these conclusions. Like most in-
habitants of the oases during this period, his nutri-
tion, as seen through indicators of nutritional de-
ficiency and stature, was not compromised. Dental
data support the idea that he spent his adult life in
the oases consuming a diet akin to that of others,
since he suffered similarly high rates of dental dis-
ease and ante-mortem tooth loss. Moreover, his
patterns of body use indicate assimilation into the
regular work regimen of this population. Exami-
nation of head shape raises some interesting is-
sues in this analysis. Individual 1948’s unmodi-
fied head shape may have facilitated his ability to

integrate successfully into Atacameño society
since he was not marked with a sign of belonging
to a foreign group. Blom (2005:17) has noted, “the
benefits of not being identified as belonging to a
particular group might have been seen if they were,
for example, members of llama caravans, who were
thought to have traveled throughout the Tiwanaku
realm”. The ability to cross-boundaries and present
a fluid identity could have been advantageous for
a migrant into San Pedro de Atacama.

These data come together to present an im-
age of a man born outside the San Pedro oases
who, over the course of his life, became an Ata-
cameño in those material traces left in the archae-
ological record. In conclusion, our analyses in-
dicate that his acculturation into Atacameño
society during his adult life was nearly complete
and he retains little to no indication of his proba-
ble foreign birth.
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APPENDIX 1

Laboratory Methodology for Analysis of Strontium, Carbon and Nitrogen Isotopes
and Trace Element Concentrations

All tooth and bone samples for strontium iso-
tope and trace element concentrations were ini-
tially prepared in the Laboratory for Archaeolog-
ical Chemistry by Kelly J. Knudson. Modern
fauna samples for strontium isotope analysis were
placed in a crucible and ashed at approximately
800o C for 10 hours. The bone samples were then
crushed in an agate mortar and pestle. The teeth
were removed from modern fauna mandibles af-
ter ashing and crushed and stored separately from
the bone.

Archaeological teeth samples were mechani-
cally cleaned before analysis. The samples were
first mechanically cleaned by abrasion with a
Patterson NC-350 dental drill equipped with an
inverted-cone carbide burr (White burrs HP-59
type 2 class 2). This removed any adhering organ-
ic matter or contaminants as well as the outermost
layers of tooth, which are most susceptible to di-
agenetic contamination (Budd et al. 2000; Mont-
gomery et al. 1999; Waldron 1981, 1983; Waldron
et al. 1979). Approximately 5-10 mg of tooth
enamel was then removed with a Patterson NC-
350 dental drill equipped with a carbide burr or,
in the field, with a Dremel Minimite-750 cordless
drill equipped with an engraving cutter.

Archaeological bone samples were treated for
diagenesis before sample analysis. The bone sam-
ples were first mechanically cleaned with the
Patterson NC-350 dental drill equipped with a car-
bide burr to remove any organic matter or con-
taminants. The mechanical cleaning also removed
the layers of cortical bone most susceptible to di-
agenetic contamination, as well as all traces of tra-
becular bone. If the bone sample taken from the
museum was large, the bone sample was cut with
the Patterson NC-350 dental drill equipped with a
diamond disc saw. The bone samples were then
chemically cleaned in an ultrasonic bath in order
to remove diagenetic contaminants. The samples
were first sonicated in water for 30 minutes, then
rinsed and sonicated in 5% acetic acid for 30 min-
utes, and finally rinsed and sonicated with 5% ace-
tic acid for 5 minutes (Nielsen-Marsh and Hedges
2000b; Price et al. 1992; Price et al. 1994; Sillen

1989). The bone samples were dried in the oven
for approximately 1 hour at approximately 80o C
for. Then, the bone samples were placed in a cru-
cible and ashed at approximately 800o C for 10
hours.

Strontium isotope ratios were obtained at the
Isotope Geochemistry Laboratory in the Depart-
ment of Geological Sciences at the University of
North Carolina at Chapel Hill by Paul Fullagar and
by Kelly J. Knudson under the direction of Paul
Fullagar. Three to six milligrams of bone ash or
powdered tooth enamel were dissolved in 15 mL
Savillex PFA vials using 500 μL of twice distilled
5N HNO3 in a class 100 filtered air environmental
hood. The samples were then evaporated and re-
dissolved in 250 μL of 5N HNO3. The strontium
was separated from the sample matrix using
EiChrom SrSpec resin, a crown-ether Sr-selective
resin (50-100 μm diameter) loaded into the tip of
a 10 mL BioRad polypropylene column. Total resin
volume was approximately 50 μL. The SrSpec res-
in was pre-soaked and flushed with H2O to remove
Sr present from the resin manufacturing process.
The resin was further cleaned in the column with
repeated washes of deionized H2O and conditioned
with 5N HNO3. Resin was used once for sample
elution and discarded. The dissolved sample was
loaded and washed in 750 μL of 5N HNO3, then
Sr was eluted with 1 mL of H2O. Total procedural
blanks for Sr are typically 100-to-200 picograms.
The sample was then evaporated, dissolved in 2 μL
of 0.1 M H3PO4 and 2 μL of TaCl5, and loaded
onto degassed Re filaments. Isotopic ratios were
measured on a VG Sector 54 thermal ionization
mass spectrometer at the University of North Caro-
lina-Chapel Hill in quintuple-collector dynamic
mode, using the internal ratio 86Sr/88Sr = 0.1194
to correct for mass fractionation. Recent analyses
of strontium carbonate standard SRM 987 yield
87Sr/86Sr = 0.710245±0.000018 (2σ). Long term
analyses over approximately 24 months of SRM
987 yield an average of 87Sr/86Sr = 0.710242. In-
ternal precision for Sr carbonate runs is typically
0.0006 to 0.0009 % standard error, based on 100
dynamic cycles of data collection.
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Trace element analysis of archaeological hu-
man bone was obtained through by Kelly J. Knud-
son and James H. Burton using an Applied Re-
search Labs Model 3520 inductively coupled
plasma-atomic emission spectrometer (ICP-
AES). For the trace element analysis using an
ICP-AES, approximately 50 mg of powdered
bone ash was dissolved in 1.0 mL ultrapure con-
centrated HNO3 and heated to 100oC for one hour.
Each sample was then diluted with 17 mL deion-
ized water. Calcium, strontium, barium and phos-

phorus concentrations were analyzed. Analyses of
Laboratory for Archaeological Chemistry standard
reference 9511 yielded the following trace element
concentrations in ppm: Ca = 3.12x104 ± 1.42x103

(2σ, n = 7), Sr = 142.9 ± 10.0 (2σ, n = 7),
Ba = 211.6 ± 7.1 (2σ, n = 7) and P = 5.39x103

± 2.24x102 (2σ, n = 7). Long-term analyses of
laboratory standards and international bone stan-
dard reference material have determined accura-
cy of ± 5% and precision of ± 2% (Burton et al.
2003).




