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ABSTRACT Excavations at Plaza del Castillo in Pamplona
(northern Spain) revealed a large Islamic necropolis dating
to the eighth century A.D., including the skeleton of an
adult female showing intentional dental modification
(PLA-159). While the practice of dental decoration was
virtually absent in Medieval Spain, it is common in Africa
and suggests that this individual was born in Africa and
brought to Spain later in life. The historically documented
occupation of Pamplona by Muslim groups from northern
Africabetweenca.715and 799 A.D. also supports an African
origin. As an additional line of evidence, we investigated
the geographic origins of two individuals from the
cemetery, including PLA-159, via radiogenic strontium and
stable oxygen isotope analyses on enamel hydroxyapatite.

The Muslim conquest of the Iberian Peninsula in
the Early Middle Ages constitutes an important part in
the history of Spain, known from historical sources yet
archaeologically unexplored. Excavations at Plaza del
Castillo in the city of Pamplona in northern Spain (Fig.
1) recovered a large Islamic cemetery dating to the eighth
century A.D. The identification of intentional dental
modification in the cemetery, a practice virtually absent
in Medieval Spain but common in African groups, may
suggest an African origin for part of the burial sample, a
hypothesis also supported by the historically documented
arrival of Berbers from North Africa during the time of
Muslim occupation. Hence, the reconstruction of the
geographic origins of the individuals interred at Plaza
del Castillo will afford unique insight about the Islamic
occupation of the city of Pamplona, as well as about the
diffusion of Muslim groups in Iberian Peninsula during
the eighth century A.D.

Here we report the results of the preliminary study
on migration in Early Medieval Pamplona using
biogeochemical analysis. In the last decade, the use of
biogeochemistry to address past residential mobility
and migration has provided an invaluable new line

The human isotopic signatures were measured following
established methodologies and compared to the local
geochemical composition and modern precipitation
values. The data analysis showed a non-local isotopic
signature for both individuals, suggesting that they
moved to Pamplona following childhood, probably from
northern Africa, during the Islamization of the city. Stable
carbon isotope analysis revealed a diet heavily based on
C, terrestrial plants. Overall, this preliminary data set
exemplifies the use of biogeochemistry as an analytical
tool, and provides unique insight about the diffusion of
Muslim groups into the Early Medieval Iberian Peninsula.
Dental Anthropology 2010;23(2):42-52.

of evidence and a growing field in archaeological
science. The methodology, introduced to archaeology
from environmental and ecological studies, has been
successfully applied to numerous studies in a variety of
historic and prehistoric contexts with a wide geographic
range. Mobility and migration via isotopic analysis have
been examined, for example, in the American Southwest
(e.8., Ezzo et al., 1997; Ezzo and Price, 2002; Price et al.,
1994), Mesoamerica (e.g., Price et al., 2006, White et al.,
2004), south central Andes (e.g., Knudson and Buikstra,
2007; Knudson and Price, 2007; Knudson and Torres-Rouff,
2009), South Africa (Cox and Sealy, 1997), and Thailand
(e.g., Bentley et al., 2007). In Europe, isotopic studies of
geographic origins have been conducted in England (e.g.,
Montgomery et al., 2005), Central Europe (e.g., Bentley et
al., 2004; Bentley and Knipper, 2005; Price et al., 1998; 2001),
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Fig. 1. Map of Iberian Peninsula showing the location
of Pamplona with observed radiogenic strontium isotope
signatures in bedrock and soil.

Iceland (e.g., Price and Gestsdoéttir, 2006), the Alps (e.g.,
Miiller et al., 2003), Spain (Diaz-Zorita Bonilla et al., 2009;
Prevedorou et al., 2009), and Greece (e.g., Nafplioti, 2008;
Richards et al., 2008).

In this paper, we use biogeochemistry to test hypotheses
explicitly formed by the bioarchaeological and historical
evidence. We begin by presenting the site of Plaza del
Castillo, along with the history of the region. We provide
an analytical description of the typology, technique, and
origin of the case of dental decoration observed in the
Islamic cemetery, and we present our research objectives.
We continue by introducing biogeochemistry as an
analytical tool to address human behavior, and we then
describe the materials and laboratory methodology for
this study. Finally, we present our results and discuss the
interpretation of this preliminary data set, as well as future
research.

ARCHAEOLOGICAL AND HISTORICAL
BACKGROUND: THE SITE OF PLAZA DEL
CASTILLO

The cemetery of Plaza del Castillo, located in the city
of Pamplona, came to light in 2002 during the construction
of an underground parking lot (Fig. 2a). The large Islamic
necropolis, maqbara in Arabic, was located outside the city
walls covering an area of 4000 m? however, the total area
of the cemetery is not yet known. Of the 160 undisturbed
burials recovered in total, 50% were juveniles, while the
adult burials consisted of approximately equal numbers
of male and female individuals. Following the Islamic
funerary traditions, the burials were single inhumations
that lacked grave goods; bodies were placed in a simple
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pit lying on their right sides, with head towards south-
southeast facing the holy city of Mecca (Casal, 2003; Faro
Carballa et al., 2007; de Miguel Ibanez, 2007) (Fig. 2a,b).
The date of the Islamic cemetery corresponds with the
emergence of the Islamic control in the Iberian Peninsula
in eighth century A.D. and constitutes the first definite
archaeological evidence for the Muslim occupation of the
city of Pamplona.

According to historic sources, Pamplona came under
Islamic authority around 715 A.D. with the arrival of
Muslim groups, mostly Berbers, from North Africa
(Maghreb). The city remained under Muslim control until
799 when the ruler Mutarrif ibn Musa was assassinated
(Faro Carballa et al., 2007-2008). Radiocarbon dating
conducted thus far in one of the skeletons from Plaza del
Castillo (Burial 32) yielded a date between 660 and 770
cal. A.D. (Beta-218654). Hence, the onset of the Muslim
authority in Pamplona in 715, and the radiocarbon date of
Burial 32 suggest that at least part of the Plaza del Castillo
cemetery was in use during the initial Islamization and the
ensuing expansion of the Muslim community in the city.

The discovery of the magbara is of great significance for
the reconstruction of the historical trajectory of Pamplona
and northern Spain in general. Despite the belief that the
conquest of the city took place with a pact between the
conquerors and those conquered, it appears that the Islamic
occupation went through several crises that necessitated
military intervention. Arabic sources report that during
Ugba’s rule (probably in 734 A.D.), he had to suppress
his opponents and take over their cities and that he was
the one who conquered the city of Arbona, subjugated
Galicia and Pamplona, and brought in Muslim people
(Al-Marrakusi, 1999). Thus, the individuals buried at
Plaza del Castillo could in fact represent the Muslims first
arriving in Pamplona, coming to suppress the continuous
revolutions of the time in the name of Emir.

DENTAL DECORATION
IN PLAZA DEL CASTILLO

Skeletal analysis of the human remains from the Islamic
necropolis has identified the presence of intentional dental
modification in the anterior dentition of Burial 159 (PLA-
159), an adult female (Fig. 2b) (Romero et al., 2009). The
modified teeth were classified following the typology
established by Romero Molina (1986), which constitutes
the most complete classification system based on earlier
revisions (Saville, 1913; Romero Molina, 1958; Rubin De la
Borbolla, 1940). Scanning electron microscopy (SEM) was
performed on casts and replicas of the teeth to examine
in detail the modified surfaces. Silicon Coltene® President
Plus Jet and epoxy transparent resin Araldite 2020®
were used for the dental casts and replicas respectively,
following established methodologies (Galbany et al., 2006;
Romero and De Juan, 2003). The dental replicas were
analyzed with a SEM Hitachi S3000N at a magnification
of 30X (Servicios Técnicos Investigacion, Universidad de
Alicante).
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Fig. 2. View of the Islamic cemetery of Plaza del Castillo in Pamplona during excavation, showing the uniformly
oriented burials (a) and individual PLA-159 in situ (b) (photo courtesy of Gabinete Trama de Arqueologia, Pamplona)
[Color figure can be viewed in the electronic (PDF) version of the journal.].

Individual PLA-159 showed dental modifications in
5 out of the 27 preserved teeth. Missing teeth included
agenesis of the mandibular right third molar; the maxillary
left first and second incisors and canine were lost post-
mortem. Modifications were identified on the mesial and
distal surfaces of the maxillary right first incisor; the mesial
and distal surfaces of the maxillary right second incisor;
the mesial surface of the maxillary right canine; the mesial
surface of the manbibular left first incisor; and the mesial
surface of the mandibular right second incisor (Fig. 3a,b).
The mandibular right first incisor was not intentionally
modified and thus it was used for biochemical analysis.

The pattern of dental modification in individual PLA-
159 matches the general types of B and C (following
Romero Molina, 1986). According to anthropological and
ethnographical literature on Mesoamerica and Africa,
dental modification was preferentially performed on the
six maxillary anterior teeth (Goose, 1963; Romero Molina,
1958). However, modification of the mandibular dentition
is also reported (e.g., this study; Fastlicht, 1976; Lagunas
and Karam, 2003; Romero Molina, 1958). Intentional
modification primarily of the maxillary incisors and
canines, with extraction of the mandibular anterior teeth
has been documented in various modern and ancient
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Fig. 3. Macroscopic and microscopic (SEM) views of the dental modifications present in individual PLA-159 in
maxillary (a) and mandibular dentition (b) (photo by A. Romero). Abbreviations are: upper right first incisor (URI1);
upper left second incisor (ULI2); upper right canine (UCR); lower right second incisor (LRI2); lower left first incisor
(LLI1). [Color figure can be viewed in the electronic (PDF) version of the journal.]

African groups (Lagunas and Karam, 2003; Muwazi et
al., 2005; Pindborg, 1969; Van Rippen, 1918). Typological
analyses places the dental modifications of PLA-159
among the ones reported for African groups (Haour and
Pearson, 2005; Tiesler, 2002). Primarily in western, central,
and southern Africa, intentional dental modification of
the anterior teeth in some cases consists of filing one or
both interproximal sides, thereby destroying the incisal
axis (Finucane ef al., 2008; Gould et al., 1984; Jones, 1992;
Reichart et al., 2007). This is similar to the modifications
observed in African individuals resettled in the Americas
during the period of colonization (Tiesler, 2002; Price et al.,
2006) and in Iberian Peninsula during 13th to 15th centuries
A.D. (Gonzalo et al., 2001). Among the types closest to the
modifications observed in Plaza del Castillo are the ones
reported for western Africa regions such as the Niger
(Haour and Pearson, 2005:431), wherein the shape of the
tooth was modified without affecting the occlusal surface.
However, no parallel types have yet been found for the
removal of the enamel up to the cervical area as observed

in individual PLA-159 (Fig. 3b).

Documentation of the practice of dental decoration in
the Iberian Peninsula is scarce. Dental modifications have
been observed as part of post-mortem ritual in prehistoric
Spain (Campillo et al., 2001). One case of an adult male
of a possible sub-Saharan origin with intentional dental
modification is documented from a more recent Islamic
cemetery (13th to 15th centuries A.D.) in Spain (Gonzalo et
al., 2001). A number of examples of dental modification are
reported in Portugal in later periods, associated with the
trade of slaves, mostly unpublished. Thus, the occurrence,
as well as the typology of intentional dental modification
at Plaza del Castillo suggest an African origin for PLA-159
and argue for the presence of first-generation immigrants
in the cemetery.

RESEARCH OBJECTIVES

The presence of the Islamic cemetery in Pamplona
coincides with the conquest of the city by Muslim groups
in eighth century A.D. In particular, the identification of
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the adult female PLA-159 showing dental decoration in
Plaza del Castillo raises significant questions regarding
the geographic origins of the individuals buried in the
maqgbara. While the practice of dental modification was
generally absent in Early Medieval Spain, it is commonly
documented in African groups suggesting that PLA-159
was not part of the indigenous population. The historically
documented episodic arrival of Muslim groups, mostly
Berbers, from North Africa (Maghreb) in the Iberian
Peninsula during the eighth century A.D. also supports
an African origin for the individuals buried in Plaza del
Castillo. Nevertheless, during the Muslim occupation
part of the local population did convert to Islam, and
interaction between the two religious groups is suggested
by the recovery of rings with Arabic inscriptions in Kufic
script in two contemporaneous Christian cemeteries in
Pamplona (Faro Carballa et al., 2007-2008).

Hence, the question raised by the bioarchaeological
evidence is whether the individuals buried in the magbara
were born in Pamplona or alternatively in Africa, brought
in Spain later in life as part of the first generation of the
incoming Muslim groups during the Islamization of the
city. Specifically, determining the youthful residence of
PLA-159 reveals important information regarding the
nature of dental modification and its presence in Medieval
Spain. To test the hypothesis of a non-local geographic
origin and to begin exploring the residential histories of
the individuals buried in Plaza del Castillo radiogenic
strontium and stable oxygen isotope analyses were
performed in a preliminary data set: the female PLA-
159 showing dental decoration, and the adult PLA-28 of
indeterminate sex without evidence of dental decoration.
In addition, stable carbon isotope analysis was conducted
to reconstruct paleodiet.

HUMAN BEHAVIOR THROUGH
BIOGEOCHEMISTRY: GENERAL PRINCIPLES

Radiogenic strontium isotope analysis

Strontium is an alkaline earth element, and occurs
naturally in four isotopes, the radiogenic ¥Sr (7.04%)
and the stable isotopes ¥Sr (~0.56%), *Sr (~9.87%) and
8Sr (~82.53%) (Bentley, 2006). Given that the radiogenic
¥Sr is formed over time by the radioactive decay of ¥Rb
(rubidium), strontium isotope ratios in a geological region
are a function of the geochemical composition and the
age of rocks (Bentley, 2006). The abundances of ¥Sr are
normalized to the non-radiogenic *Sr and are reported as
the ¥Sr/%Sr ratio in order to allow for comparison among
different samples (Bentley, 2006); the ¥Sr/®Sr ratio in
different geological terrains ranges roughly between 0.700
and 0.750 (Price et al., 2002).

Strontium moves from bedrock into the food chain
via soil and groundwater. It ultimately is incorporated
into the human skeleton by substituting for calcium in
the crystalline lattice of hydroxyapatite of skeletal tissues
due to the similar chemical structure of the two elements
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(Bentley, 2006, Ezzo, 1994; Price et al., 2002). Contrary to
strontium elemental concentrations which vary according
to trophic level, radiogenic strontium isotope ratios are
not substantially fractionated by biological processes.
The radiogenic strontium isotopic composition of human
bone and teeth therefore reflect the isotopic composition
of the individual’s diet and water sources, which in turn
reflect the bioavailable strontium of the geological region
and habitat from which the food and water sources were
obtained (Price et al., 2002). Specifically, dental enamel
reflects the composition of the strontium sources consumed
during infancy and childhood because it forms during this
period and does not remodel. In consequence, differences
between the isotopic signature of tooth enamel and the
isotopic signature of the region in which the individual
died can reveal changes in the residence history of the
individual, as long as local food and water sources were
consumed (Price et al., 2002). However, due to the vast
variability of geological formations, different locations can
have similar geochemical signatures; therefore, possible
mobility between geochemically similar regions will not
be expressed in the skeletal elements (Burton et al., 2003).

Stable oxygen isotope analysis

Oxygen occurs in three stable isotopes, O (99.765%),
180 (0.1995%) and 7O (0.0355%), and it is the most abundant
chemical element in the earth’s oceans and the second most
abundant in the atmosphere (Kendall and Caldwell, 1998).
Oxygen isotope data (8'°O, ,,,) are reported relative to
the V-PDB (Vienna PeeDee belemnite) carbonate standard
and are expressed in per mil (%) using the following
standard formula: $"°0 = (((*O/*°O,,_ )/ (*O/**O 4..)) =
1) x 1,000 (Coplen, 1994; Craig, 1961).

Oxygen is incorporated into the minerals of the human
skeleton mainly via the ingestion of water (6"*O, ) (Luz and
Kolodny, 1985). Due to the isotopic equilibrium between
ingested water and bioapatite when the body temperature
is constant, hydroxyapatite carbonate and phosphate will
reflect meteoric water values (Balasse and Ambrose, 2002;
Longinelli, 1984). Oxygen isotope signatures in water
sources vary according to a number of environmental
factors, including altitude, latitude, distance from the
coast, precipitation, temperature and humidity (e.g., Craig,
1961; Kohn, 1996; Kohn et al., 1996; Luz and Kolodny, 1985;
Sponheimer and Lee-Thorp, 1999). Thus, given that local
water sources were used, oxygen isotope values from
hydroxyapatite will reflect the isotopic composition of
the local environment during tooth and bone formation.
Several studies have shown that the correlation of the 'O
with meteoric water makes it useful for assessing residence
and mobility across different environmental zones (Land
et al., 1980; Kohn and Law, 2006). However, a number of
factors, including utilization of a variety of drinking water
sources, storage and preparation of drinking water, as
well as enrichment in O due to breastfeeding, can affect
human 60 values (Knudson, 2009).
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Stable carbon isotope analysis

Carbon occurs in two stable isotopes, ?C representing
99% of the element, and ®C representing the remainder
1% (Smith, 1972). Carbon isotope ratios (8°°C,, ,p,) are
reported relative to the V-PDB (Vienna PeeDee belemnite)
carbonate standard and are expressed in per mil (%o) using
the following standard formula: 6°C = (((*C/"C__ )/
(BC/1C, 1.0) - 1) X 1000 (Coplen, 1994).

During the process of photosynthesis, plant tissues
incorporate *C preferentially relative to ®C, such that
the atmospheric BC/"C ratio is greater than the one
in plant tissues; a process termed fractionation. Plants
are categorized relative to the different photosynthetic
pathways that they use to fix atmospheric CO,: briefly,
plants as maize, millet, and other tropical grasses use
the C, (or Hatch-Slack) pathway, whereas most plants,
including grass, woody shrubs and trees, use the C, (or
Calvin) pathway (Smith and Epstein, 1971). In general,
C, plants demonstrate less negative 6"C values with an
average of -12.5%o, contrary to C, plants that exhibit more
negative 0"°C values with an average of -26.5%o (Smith,
1972; Smith and Epstein, 1971; Vogel, 1978). Furthermore,
the carbon isotopic composition of the diet is represented
in the consumer’s tissue; thus animals that consume C,
plants will have more negative 6"*C values than ones that
consume C, plants (e.g., Ambrose et al., 1997, Ambrose
and Norr, 1993; van der Merwe and Vogel, 1978). Finally,
carbon isotopic values from bone collagen reflect the
dietary protein, whereas carbon isotopic values from bone
carbonate represent the isotopic composition of the whole
diet; in humans, 6"°C values from apatite reflect an average
of the whole diet offset by 9.4%o (Ambrose and Norr, 1993).

MATERIALS AND LABORATORY
METHODOLOGY

Our sampling strategy was designed to provide
isotopic data from tooth enamel that formed early in
an individual’s life. The maxillary left first incisor and
the mandibular right first incisor were used for isotopic
analysis from the individuals PLA-28 and PLA-159,
respectively (Table 1). Radiogenic strontium and stable
carbon and oxygen isotope analyses were performed on
hydroxyapatite in enamel for both teeth. Tooth enamel is
considered to be generally resistant to post-depositional
chemical alteration (Budd et al., 2000; Lee-Thorp and
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Sponheimer, 2003; Sillen, 1989). However, it should be
noted that since contamination results from the local
post-depositional environment, it may cause a false local
signal, but not the reverse, making non-local signatures
significant (Price et al., 2006). In order to characterize the
local strontium isotopic signature, burial soil from Plaza
del Castillo was also sampled and analyzed.

The enamel and soil samples were prepared at the
Archaeological Chemistry Laboratory at Arizona State
University. Teeth were first cast and photographed, and
they were mechanically cleaned by abrasion in order to
remove any adhering organic matter or contaminants,
as well as the outermost layers of tooth which are most
susceptible to diagenetic contamination (Budd et al., 2000;
Montgomery et al., 1999; Waldron, 1981, 1983; Waldron et
al., 1979). Approximately 10 milligrams of tooth enamel
were then removed with a Dremel Minimite-750 cordless
drill equipped with an engraving cutter. The type and the
color of the soil sample were first characterized according
to Munsell soil color charts. Approximately two grams
were first dried at 120°C for 48 hours, and then ashed at
800°C for 10 hours.

Radiogenic strontium isotope analysis was performed
atthe W.M. Keck Foundation Laboratory for Environmental
Biogeochemistry at Arizona State University. Eight
milligrams of tooth enamel powder were dissolved in
0.50 mL of 5M HNO,. The dissolved tooth enamel was
evaporated and further dissolved in 0.25 mL of 5M HNO,.
One hundred milligrams of soil were dissolved in 5.0 mL
of 5M HNO, and in 1.0 mL of HF. The soil sample was
evaporated and further dissolved in 1.0 mL of 5M HNO,,
3.0 mL of HCl and 0.5 mL of HF. Following this procedure
the sample was again evaporated and further dissolved
in 1.0 mL of 5M HNO,. Strontium was separated from the
sample matrix using EiChrom SrSpec resin, a crown-ether
Sr-selective substance (100-150 pm diameter), and then
loaded into the tip of a glass column. Total resin volume
was approximately 50 uL. Resin was used once for sample
elution and discarded. The SrSpec resin was pre-soaked
and flushed with H,O to remove strontium present from
the resin manufacturing process. The resin was further
cleaned in the column with repeated washes of deionized
H,O and conditioned with 750 pL of HNO,. The dissolved
sample was loaded in 250 pL of 5M HNO,, washed in 500
puL of 5M HNO3, and then the strontium was eluted with
1000 pL of H,O.

TABLE 1. Heavy and light isotope data for archaeological human enamel and soil from Plaza del Castillo, Pamplona

Laboratory Specimen

Corrected

613(: 6180 6180

(V-PDB) o(V-PDB) dw(V-SMOW)
Number Number Material® ¥Sr /%5r (%0) (%0) (%0)
ACL-0400 PLA-28 ULI1 0.70797 -16.33 -9.65 -16.1
ACL-0401 PLA-159 LRI1 0.70817 -13.57 -5.64 -9.8
ACL-0439 PLA-0001 Soil 0.71119 NA NA NA

“Tooth abbreviations are: ULI1= upper left first incisor; LRI1= lower right first incisor.



48

The enamel and soil samples were analyzed in a
Neptune multi-collector inductively coupled plasma mass
spectrometer (MC-ICP-MS) at the W.M. Keck Foundation
Laboratory. On April 14, 2007, when the human enamel
samples were analyzed, ¥Sr/*Sr analyses of strontium
carbonate standard SRM-987 yielded a value of ¥Sr/%Sr=
0.71031 = 0.00003 (20, n = 18). On December 7, 2007,
when the soil sample was analyzed, ¥Sr/%Sr analyses of
strontium carbonate standard SRM-987 yielded a value
of ¥Sr/%Sr = 0.71028 + 0.00003 (20, n = 14). These data
can be compared to analyses of SRM-987 using a thermal
ionization mass spectrometer (TIMS), where ¥Sr/%Sr =
0.710263 £ 0.000016 (20) (Stein ef al., 1997), and analyses of
SRM-987 using an identical MC-ICP-MS, where ¥Sr/#Sr =
0.710251 + 0.000006 (20) (Balcaen et al., 2005).

For oxygen and carbon isotope analysis, approximately
5 milligrams of powdered tooth enamel were treated with
0.24 mL of 2% NaOCl and then 0.24 mL of 0.1 M CH,COOH.
Carbonate isotopic analyses were performed on a Finnigan
MAT 253 stable isotope ratio mass spectrometer (IRMS) at
the W.M. Keck Foundation Laboratory. Replicates of NBS-
19 resulted in a reproducibility of +0.2%. for 8O and
£0.2%o for 8"C. When necessary, the following conversion
equations were used: 60, = (1.03091 x (8"0,,)) +
30.91, 80, = (0.97002 x 8Oy 1) = 29.98, 80 i0m)
= (8.5 +(8"0,))/0.98, and 8”0, g j0u) = (0.64 x (8°O,, )) +
22.37 (Coplen et al., 1983; lacumin et al., 1996; Miiller et al.,
2003; Wolfe et al., 2001).

RESULTS

The enamel sample from individual PLA-28 exhibits
¥Sr/%Sr = 0.70797, 8'%0c =-9.7%o, and 8"°C_= -16.3%o (Table
1). The enamel sample from individual PLA-159 exhibits
¥Sr/%Sr = 0.70817, 6"O_ = -5.6, and 6"C_= -13.6%o (Table
1). Using the previously-discussed conversion equations
the 6"*0O_ values from the enamel were converted to likely
drinking water values 8"°O, qyiow) = -16.1%0 for PLA-28,
and 60 = -9.8%0 for PLA-159 (Table 1). The soil

dw(V-SMOW)

sample shows a ratio of ¥Sr/%Sr = 0.71119 (Table 1).
DISCUSSION

Before we turn to the interpretation of the biogeochem-
ical results, we will briefly examine the geochemical setting
of the study area. Pamplona basin is located in the western
part of the Southern Pyrenean Foreland Basin, and consists
of geologic transitional marine and terrestrial deposits that
formed in the Lower to Middle Eocene (Payros et al., 1999).
The Valle de Tena in Huesca province, located to the north-
east of Pamplona, is characterized by Silurian to Permian
and Cretaceous carbonate and detrital sedimentary rocks,
with the Paleozoic limestones showing isotopic values of
87Sr /8Sr = 0.70510-0.70970 (Subias et al., 1998) (Fig. 1). The
deposits of fluorites and calcites in the area exhibit isotopic
ranges of ¥Sr/#Sr = 0.70850-0.71083 in Portalet, #Sr/Sr =
0.70858-0.71036 in Lanuza, and ¥Sr/#Sr = 0.70911-0.71010
in Tebarray (Subias et al., 1998). Furthermore, the andes-
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ites in Anayet exhibit a ratio of ¥Sr/%Sr = 0.70582-0.70752
(Innocent et al., 1994) (Fig. 1). The volcanic and intrusive
alkaline rocks in Oloron in southern France show an
isotopic range of ¥Sr/%Sr = 0.70535-0.70623 (Rossy et al.,
1992) (Fig. 1). To the west of Pamplona, basalts from the
region of Bilbao in the Spanish Basque Country give an
isotopic range of ¥Sr/%Sr = 0.70376-0.70542 (Rossy et al.,
1992) (Fig. 1).

In order to control for the wide petrographic diversity
and intraregional bedrock variation, soil from Plaza del
Castillo was used to determine the local isotopic baseline
of the area for this preliminary study. When radiogenic
strontium isotopic signatures from both enamel samples
are compared to the local geochemical signal for the soil,
they prove to be considerably lower (Table 1). This may
indicate that both individuals were born and spent at
least early childhood in a different location and moved to
Pamplona later in life, assuming local dietary and water
sources were consumed.

In an attempt to trace the geographic origins of both
individuals and thus test the hypothesis of a North
African provenance, isotopic signatures from enamel
were compared to radiogenic strontium isotopic ratios
reported for Africa. In northeastern Morocco, the region
approximately 100 km southwest to the city of Oujda shows
a series of granodiorites with ratios of ¥Sr/%Sr = 0.70693-
0.70972 (Ajaji et al., 1998). Groundwater sampled across
numerous locations along the Continental Intercalaire
aquifer system, spanning from the Saharan Atlas of Algeria
to the Chotts region of southern Tunisia, yields isotopic
ratios of ¥Sr/%Sr = 0.707826-0.70939 (Edmunds et al.,
2003). Furthermore, cumulate rock sequences at Laouni,
Hoggar, in southern Algeria exhibit a range of ¥Sr/%Sr =
0.70305-0.70669 (Cottin et al., 1998). Finally, soil samples
and modern faunal samples collected in the Gobero area
in central Niger show average ratios of ¥Sr/*Sr = 0.71290
+ 0.00064 (1o) and *Sr/%Sr = 0.71261 + 0.00116 (10),
respectively (Sereno et al., 2008). Hence, the radiogenic
strontium isotopic signatures of the two individuals
analyzed from Plaza del Castillo generally match the
radiogenic strontium isotopic ratios from northeastern
Morocco, thus supporting a North African origin of Berber
groups, such as those who colonized Medieval Pamplona
during the early Medieval period.

The enamel radiogenic strontium isotope signatures
from Plaza del Castillo are also consistent with some
marine strontium sources, averaged with strontium from
a geologic zone or zones with lower strontium isotope
signatures. Since seawater is characterized by ®Sr/*Sr =
0.7092 (Veizer, 1989), these individuals may have obtained
some, though not all, of their strontium in the first years
of life from marine sources. However, according to the
results from stable carbon isotope analysis discussed
below this interpretation is unlikely, given that marine
food consumption was not a major component of the diet
of the two individuals.
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Given that the climate in northern Spain is considered
to be relatively stable since the eighth century A.D.,
modern %0, ., values from precipitation were used to
determine the local range of 6"*0,, - Due to the lack of
available precipitation values for Pamplona, precipitation
00, g\ 0w Values measured in Saragossa (Fig. 1) were used
to determine the probable 6"*O, ., values in Pamplona
(IAEA/WMO, 2006). Oxygen isotope signatures in
precipitation collected in the Saragossa station in 2000-2001,
showed a range from "0, o, = -10.8%o0 to 8"O, ¢\, =
1.67%o, with an average value of 8"*0, ., = -5.9 (n = 24)
(IAEA/WMO, 2006), which was used as the probable local
range of 80, , ,, for Pamplona. When the drinking water
values from Plaza del Castillo are compared to the modern
precipitation values from Saragossa, the 6*O, g, value
for individual PLA-28 (-16.1%o) falls outside the range of
the observed precipitation values. The 6"*O, .., value for
PLA-159 (-9.8%0) appears within the local precipitation
range; however, it is very close to the lower limit. Thus,
analysis of "0, ,,,,, Values may indicate that these two
individuals lived outside of the Pamplona region during
enamel formation, paralleling results from the strontium
analysis.

As mentioned, bone carbonate reflects the isotopic
composition of the diet plus 9.4%o. (Ambrose and Norr,
1993). Therefore, subtracting 9.4%o from the measured
archaeological human enamel &“C,, .., values shows
that they correspond to a diet based heavily on C, plants
and/or animals that consumed C, plants (Table 1). The
reconstruction of a diet based on terrestrial C, plants, like
cereals, is consistent with either African or Spanish early

childhood residence.
CONCLUSIONS

Overall, the presence of two first-generation
immigrants at the Islamic cemetery of Plaza del Castillo
was successfully identified through isotopic analyses. The
two individuals (PLA-28, PLA-159) showed non-local
isotopic signatures suggesting movement to Pamplona
from a different geographic location sometime after early
childhood. An origin from northern Africa, as suggested
by the typological analysis of the dental modifications in
PLA-159, is consistent with the isotopic results. Dental
decoration, the apparent early date for at least part of
the cemetery and these isotopic results suggest that
the individuals included in the study may have come
to Pamplona from North Africa, perhaps as part of the
military expedition to control the local revolutions of the
time against the recently established Muslim authority. The
fact that individual PLA-159 is a female further indicates
that the incoming Muslim population was not formed
exclusively by men with a military function, but rather by
family groups and/or camp followers.

Given the promising results of this preliminary study,
future research consisting of isotopic analysis of a larger
sample size, representative of the magbara, will allow for
a complete examination of the residential histories of the

49

individuals buried in Plaza del Castillo and will inform our
understanding of the migration of African groups in eighth
century A.D. Pamplona during the initial Islamization of
the city. In addition, a vital direction for further research
is the continued characterization of baseline isotopic and
elemental data from Pamplona and the surrounding region,
including the bioavailable strontium isotope ratios in the
study region and paleoenvironmental reconstructions.
Detailed data on strontium isotope ratios in exposed
bedrock samples from the geological literature should be
supplemented with strontium isotope analysis of modern
and archaeological small mammals from the study region.
This will facilitate characterization of local strontium
isotope signatures and a more informed interpretation of
the geographic origin of the individuals interred in Plaza
del Castillo. In conclusion, the present study exemplifies
the use of biogeochemistry as an analytical tool, and
provides a new perspective to the Muslim diaspora in
northern Spain.
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