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The Tablada de Lurín cemetery (200 BC–AD 200; Lima, Peru) is characterised by twomortuary phases. Based
on associated grave finds and the lack of habitation sites near the cemetery, it has been hypothesised that
both burial populations came from a certain distance of the site (ca. 20 km) and that they relied on land
rather than marine resources. We tested these hypotheses, based on material culture, through stable iso-
tope analysis. The aim was to understand the populations' diet and geographic origins. We sampled 47
human individuals and eleven sets of faunal remains from both phases for stable isotope analysis (carbon,
nitrogen, sulphur and oxygen) of bone and dental collagen, and apatite. Modern samples of autochthonous
food were also tested as a baseline for comparison. The results showed preservation differences between
the remains from both phases. Individuals from Phase 1 provided the best isotopic dataset and showed con-
sumption of protein frommarine resources and C4 plants. On the other hand, bioapatite carbon and oxygen
stable isotope results from both phases highlighted differences in C4 plant consumption and individuals of
possible non-local origin. The results underline the need to study further the effect of brewed or cooked
beverages on bioapatite oxygen levels. Finally, results from Phase 1 fit with the broader dietary pattern ev-
ident in other Andean sites, where coastal populations consumed marine protein and C4 plants, as opposed
to highland populations who relied on terrestrial protein sources and C3 plants.

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Isotopic analyses on Andean archaeological populations have been
conducted to understand sociopolitical changes, warfare and violence,
the transition to agriculture, diet and intra-populational variations in
diet, seasonality of death, as well as humanmigration andmobility pat-
terns (Burger andVanderMerwe, 1990; Buzon et al., 2011; Conlee et al.,
2009; Finucane et al., 2006; Henry, 2008; Kellner and Schoeninger,
2008; Knudson et al., 2007, 2009; Tomczak, 2003; Tykot et al., 2006,
2011; Webb et al., 2013a, 2013b; Williams, 2005; Williams and
Katzenberg, 2012). Previous research showed that coastal populations
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after the development of agriculture tended to rely on C4 plants (e.g.,
maize (Zea mays)) and seafood (marine proteins) or terrestrial proteins
(Tykot et al., 2006;Webb et al., 2013a). Studies in the Nasca region have
also revealed the presence of non-locals within the burial populations
(Conlee et al., 2009; Webb et al., 2013b).

The site of Tabladade Lurín (Fig. 1), on the Peruvian central coast,with
its large funerary occupation of several hundred individuals spanning
four centuries (200 BC–AD 200), offers an opportunity to explore further
the diet of coastal populations and the local origins of the people buried at
the site. Along the Peruvian central coast, the period between the decline
of Chavín de Huántar (ca. 500 BC; Rodríguez1 and Haas, 2015) and the
1 Spanish and Latin American authors usually have two last names. Please note that for
ease of reading, authors are cited in text only with their first last name, but appear in the
Literature Citedwith both last names in alphabetical order according to thefirst last name.
E.g. Rodríguez Kembel is cited as Rodríguez, and listed as Rodríguez Kembel (as this is how
the author's name appears in the publication), appearing between the letters Q and S.
When authors have a composite last name, this remains unchanged (e.g., Van derMerwe).
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Fig. 1. Location of the archaeological site Tablada de Lurín, Lima, Peru.
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appearance of the Lima culture (AD 300–500; Narváez, 2014;
Patterson, 1966) sees the establishment of extensive cemeteries
(Tablada de Lurín, Ferrocarril, El Panel, and Lomo de Corvina;
Maguiña and Paredes, 2009; Pechenkina and Delgado, 2006), but
neither large settlement sites nor the construction of large building
works, typical of earlier and later periods. It is possible these large
cemeteries represent central places of burial, where groups of com-
munities congregated to bury their dead, with a shared set of funer-
ary and religious beliefs.
This study combines isotopic data with material evidence from the
burials in order to understand people's dietary habits, livelihoods and
local origins. Diet was explored through carbon (δ13C) and nitrogen
(δ15N) isotope analysis fromhuman bone and dental samples recovered
from Tablada de Lurín. Local origins and migration patterns were in-
ferred through oxygen (δ18O) and sulphur (δ34S) isotopes from the
same samples. To the authors' knowledge, this is the first time δ34S iso-
tope analysis has been conducted on human bone and tooth samples
from the central Andes.

Image of Fig. 1
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1.1. Economic organisation in the pre-Columbian Andes

In 1972, Murra (1972 in Murra, 1975) proposed the concept of
‘vertical control’ or the ‘vertical archipelago’ model as an explana-
tion for the economic organisation of indigenous societies at the
time of Spanish conquest. Murra studied archival records (1972
in Murra, 1975) and proposed that highland populations had a
land holding system of ecological complementarity in which
lands were dispersed across several ecological niches and altitudi-
nal gradients. Smaller groups could hold land as far as a five-day
walk from the main centre of political and religious power, where-
as larger societies could hold land up to 15 days walk from the
main centre of power. Furthermore, highland societies could have
land holdings in the coast. Due to the altitudinal gradient of the
Andes, different crops grow and animal species thrive at different
altitudes (Murra, 1972, in Murra, 1975; Pearsall, 2008). The ‘verti-
cal archipelago’ enables societies to complement their diets and
face subsistence hardships when, for example, crops fail in a
particular area.

Rostworowski (1977a, 1977b), however, suggested that coastal
societies (señorios) had no need of the vertical archipelago model
to ensure access to different kinds of resources and face potential
subsistence difficulties. The sea provided ample source of protein
and coastal oases yielded a variety of crops. Through archival analy-
sis of early colonial documents, Rostworowski (1970, 1977a, 1977b)
suggested that societies in what is now the Peruvian coast, were
arranged into specialised groups similar to guilds (gremios), for
example, fishermen, merchants, craftsmen, farmers, inter alia.
These groups would have lived in separate neighbourhoods and
would exchange between themselves. The merchants would also
trade the goods across regions (e.g., from the central coast to the
north coast, including the Ecuadorian and Colombian coasts; or
from the coast to the highlands). Rostworowski (1970) pointed out
that though commerce was not part of the Inca economic model,
from the colonial accounts it appears to have been part of non-Inca
societies before the time of contact and before Inca occupation.
According to Rostworowski's (1970, 1977a, 1977b) research, coastal
societies had no need for Murra's (1972 in Murra, 1975) ‘vertical
archipelago’ model.

Both Murra (1972 in Murra, 1975) and Rostworowski (1970,
1977a, 1977b) coaxed archaeologists to find evidence for either
one of these models. Several archaeological and bioarchaeological
studies have looked for evidence (Blom et al., 1998; Lockard and
Vexler, 2010; Matthews, 1997; Tomczak, 2003) and in some
instances have also proposed alternate models (Kolata, 1986, 1991;
Matthews, 1997) that do not necessarily rely on ecological comple-
mentarity or exchange. Furthermore, Murra's model has also been
revisited through further archival records and archaeological data
(Van Buren, 1996).
1.2. Tablada de Lurín

Tablada de Lurín is located in the lower Lurín valley at 12°11′ S,
76°55′ W, south of the capital city of Lima (Fig. 1). There is evi-
dence for occupation and mortuary use of the site from the Pre-
ceramic (ca. 6000 BC) to modern times. Given the location of the
site (close to the capital city of Lima), its extent and length of
human use and occupation (as detailed below), teams from the
Pontificia Universidad Católica del Perú have worked on site
since 1958, conducting research and archaeological fieldschools
(Balbuena Cotlear, 1996; Cárdenas, 1999; Cárdenas and Vivar,
1990, 1999; Castro de la Mata, 2005; Gerdau, 2007; Gerdau and
Makowski, 2011; Jiménez, 2009; Makowski, 2002, 2009a, 2009b;
Makowski and Castro de la Mata, 2000; Makowski et al., 2012;
Tomasto, 2005). Over the past 60 years of research, 5200 m2
have been excavated, but this represents only 3% of the estimated
extension of the archaeological site.

The most recent excavations were undertaken in the late 20th
and early 21st centuries led by one of the authors (KM). Archaeolog-
ical evidence indicates the Tablada area had several phases of occu-
pation of different nature and duration. The most significant finds
are temporary Pre-ceramic (ca. 6000–4000 BC; León, 1999;
Salcedo, 2012) and Initial periods (ca. 1100–800 BC; Jiménez,
2009) campsites, as well as an extensive cemetery. The mortuary
site dates to the period between the abandonment of Chavín de
Huántar in the Peruvian highlands (ca. 500 BC; Rodríguez and
Haas, 2015) and the appearance of the Middle Lima style, architec-
ture, and funerary patterns across the Rímac and Lurín valleys, on
the Peruvian central coast according to Patterson's chronology (AD
400–600; Narváez, 2014; Patterson, 1966, 2014). However, the
exact chronology is still disputed (Marcone, 2010; Segura and
Shimada, 2010).
1.2.1. The cemetery
The mortuary site within Tablada had two distinct chronological

phases. This is evident in the stratigraphy of the site. Phase 1 was
characterised by single pit burials of individuals in a crouched posi-
tion (Fig. 2), a recurrent position in the pre-Hispanic central Andes.
Phase 2 presents a different funerary ritual to Phase 1. During this
second phase individuals were deposited in semi-subterranean
stone chambers, containing sequential commingled funerary
deposits (Fig. 3).

The bone samples from the site sent for radiocarbon dating had
low levels of collagen. It has therefore not been possible to obtain
reliable 14C dates (Makowski, 2002) for either mortuary phase.
Consequently, the mortuary site has been relatively dated through
comparisons of ceramic styles. Imitations of the Topará ceramic
style indicate that Phase 1 of the mortuary site is contemporane-
ous with Phases 9 and 10 of the Early Horizon period from the
southern Peruvian coast (ca. 200 BC to the beginning of the Com-
mon Era; Silverman, 2009; Splitstoser et al., 2009). The pottery of
Phase 2 can be compared with materials from the Chancay valley
and the ravine of Huachipa-Jicamarca in the central Peruvian
coast (Pacaybamba: Goldhausen, 2013; Huayco: Palacios, 1988)
and dated to the first two phases of the Early Intermediate Period
(EIP; from the beginning of the Common Era to AD 200), according
to Patterson (1966), Makowski (2002), and Makowski et al.
(2012).

Archaeological surveys around the site have not been able to
identify any potential settlements dating to the same time period
and possibly associated with the two mortuary phases at Tablada.
The cemetery is located on a desert plateau unsuitable for perma-
nent settlements. Except for seasonal campsites from the Pre-
ceramic and Initial periods, there is no other evidence for tempo-
rary or permanent settlement occupations. It is likely the individ-
uals buried in Tablada resided in the nearby valley of Lurín.
Patterson et al. (1982) documented numerous post-Chavin and
pre-Lima settlements smaller than 0.1 ha on average on both
sides of the Lurín river, between the gorge of Atocongo, Quebrada
and Sisicaya in the middle Lurín valley. The ceramic wares identi-
fied at those sites were a coarse Brown ware and a fine Orange
ware (Patterson et al., 1982). These appear to be the ceramic
wares also present in Tablada. However, Patterson's ceramic ma-
terial was never published. It is therefore not possible to directly
compare his findings to those in Tablada. If the comparison be-
tween the ceramic wares is valid, and given the extent of the
Tablada cemetery, it seems likely that the people inhumed in
Tablada also came from both sides of the valley, between the
gorge of Atocongo, Quebrada, and Sisicaya in the middle Lurín
valley.



Fig. 2. Individual burial from the first phase of occupation.
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Neither of the funerary populations display grave goods linked
with fishing, shellfishing, or the exploitation of other marine re-
sources. Individuals from Phase 1 were buried facing the Andes
Fig. 3. Collective burial from the
(East). This contrasts with findings from other cemeteries in the
same valley along the coast: Villa el Salvador, Ferrocarril, El Panel,
and Lomo de Corvina. At these mortuary sites, individuals were
second phase of occupation.

Image of &INS id=
Image of Fig. 3


Table 1
Human bone and tooth samples' collagen results yield, stable isotope ratios, and estimated marine protein intake (samples meeting international preservation criteria only (see text)).

Lab
number

Material Phase Sex Age Structure Specimen
type

Associated
samples
(bone
or tooth)

%N %C C/N δ15N AIR
(‰)

δ13C PDB
(‰)

Yield
(mg/g)

%S C/S N/S δ34S CDT
(‰)

Est. %
marine
food

H80 Bone 1 F MA 94 Femur R Hd27 15.8 45.3 3.3 15.7 −10.2 29.9 0.3 444.1 132.7 13.9 90
H84 Bone 1 F 46 Humerus R Hd46 14.2 40.8 3.3 15.2 −13.4 41.2 0.2 613.3 182.8 12.9 62
H69 Bone 1 6 87 (ind 2) Humerus L 12.0 35.7 3.5 13.3 −13.7 8.6 60
H75 Bone 1 7 219 Femur R 11.3 33.2 3.4 14.8 −9.7 6.6 94
Hd47 Dentin 1 F MA M2 sup R H55 14.8 41.8 3.3 15.6 −10.6 104.9 0.2 547.5 166.5 13.9 86
Hd29 Dentin 1 F M2 sup L H83 12.4 37.2 3.5 15.3 −9.9 16.9 92
Hd46 Dentin 1 F M2 sup L H84 14.5 41.1 3.3 14.7 −12.4 90.8 0.2 591.5 179.1 12.2 70
Hd33 Dentin 1 M YA M2 in. L H52, Hde33 14.7 41.0 3.2 14.2 −13.3 106.0 0.2 545.3 167.6 13.1 63
Hd42 Dentin 2 EF 1 M2 in. L 13.3 37.6 3.3 14.6 −10.3 69.1 0.2 504.6 153.0 13.6 89
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buried facing the sea (West), together with marine goods (e.g.,
shellfish) (Maguiña and Paredes, 2009; Pechenkina and Delgado,
2006).
1.2.1.1. Phase 1. The work of all research projects on site since the
late 1950s has led to the excavation of 859 pit burials. Burials
were mostly single interments and contained both juveniles
and adults. Occasionally a burial was reused for one or two subse-
quent individuals. The burial pattern was the same for males
and females, juveniles and adults, and burial accoutrements indi-
cate some social differentiation among members of society
(Makowski et al., 2012).

During Phase 1, the cemetery was arranged in large clusters, which
in turn were composed of smaller clusters of burials2. The demographic
make-up of the smaller clusters is representative of that of the larger
clusters; that is, both kinds of clusters contain juveniles and adults,
males and females in similar proportions. It is thought that the smaller
clusters represent family groups, possibly extended, whereas the larger
ones – formed by several small clusters – represent villages or tribal
groups. As mentioned, due to the large size of the cemetery, it is likely
several villages or groups shared the site and hence a common funer-
ary rite (Makowski et al., 2012). Whether these different communi-
ties were specialised like in Rostworowski's (1970, 1977a, 1977b)
model, or whether they subsisted through a system of ecological
complementarity (Murra 1972 in Murra, 1975) remains to be
established.
1.2.1.2. Phase 2. This phase follows immediately from Phase 1 both
chronologically and stratigraphically. There is no break in the se-
quence of use of the mortuary site. However, the burial pattern
changes. The single pit burials are replaced by collective funerary
semi-subterranean structures that contained 20 to 45 commingled
individuals (Fig. 3; Gerdau, 2007). A total of 35 structures have
been excavated since the late 1950s. The structures contained pri-
mary and secondary burials. Certain individuals had been buried
in the structures before the decomposition process was advanced
(primary deposits). Others had arrived as secondary deposits,
their skeletonised remains laid to rest in the structures (Balbuena
Cotlea, 1996; Gerdau, 2007; Gerdau and Makowski, 2011). The
long-term use, large concentration of individuals and constant ma-
nipulation of the remains in the restricted space of these structures
(up to 45 individuals in 2 m2), led to heavy commingling and frag-
mentation of the remains (Gerdau, 2007; Gerdau and Makowski,
2011). This contrasts with the better preservation of the Phase 1
individuals.
2 For an image of the spatial arrangement of the burials, please see Figs. 2 and 3 in
Makowski et al., 2012.
All individuals, male and female, young and old, were subject to
the same burial ritual. Funerary accoutrements were sparse and
only a few were clearly associated with certain individual deposits.
It is therefore difficult to make suggestions as to social differentia-
tion among individuals buried during Phase 2, or as to sex or age
differences in burial treatment. Notwithstanding, the funerary
accoutrements present were similar to those from Phase 1. In them-
selves, these accoutrements do not appear to indicate cultural or
subsistence differences between the two phases of mortuary use
at Tablada. The difference between the phases is only evident in
the change of burial practice and funerary architecture: from indi-
vidual to collective, from pit burials to semi-subterranean stone
chambers.

1.3. Aim and objectives

Given thematerial findings at Tablada and the potential relationship
between burial location and environmental exploitation, the aim of this
study was to test the following hypotheses through multi-element iso-
topic analysis:

1. Both funerary populations consumed mainly animal protein of ter-
restrial and not marine origin.

2. Both populations had similar diets.
3. Both populations had similar geographic origins and came from the

middle Lurín valley.
The study also sought to investigate whether stable isotope data in
combination with archaeological material evidence could shed light
on the economic subsistence model of both funerary populations at
Tablada.

1.4. Stable isotopes, diet and mobility

Bone, dentine, and enamel have different composition and growth
patterns. Bone and dentine are composed of organic (collagen) and
mineral (bioapatite) matter allowing the study of various chemical ele-
ments according to the component part analysed (Ambrose and Norr,
1993). Bone remodels throughout life and the turnover velocity de-
pends on different physiological factors. The age of the individual
plays an important role. Within normal health conditions, the younger
the subject, the faster the growth and remodelling (ICRP, 2002;
Hedges et al., 2007). Consequently, chemical components studied in im-
mature bone reflect information closer to the time of death than in adult
bone matter (Hedges et al., 2007).

On the contrary, tooth once formed does not remodel and there-
fore informs on the specific moment of growth. Enamel and dentine
are mainly composed of mineral matter (96% and 72% respectively;
Hillson, 2005). Enamel's crystalline structure makes it generally
more resistant to diagenetic processes (Hedges et al., 1995). The



Table 2
Apatite bone and tooth samples’ stable isotope ratios, estimated C4 intake in total diet, and estimated origin of drinkwater. Tooth and bone samples from the same individual are shown in the same row. ‘Est. % C4 plants’: estimate of C4 plant proportion
in the diet according to Ambrose et al. (1997, 2003). ‘Anth. Drinks’: Anthropic drinks and/or cooked products.

Sample Number Bone Phase Sex Age Structure Specimen type and number δ13Cap PDB (‰) δ18Oap PDB (‰) δ18Odw SMOW (‰) Est. % C4 plant δ18Odw est. origin

H1 2 M EF 2 Coxal 347 −5.6 −1.1 −1.3 67 Anth. drinks/Contamination?
H3 2 M EF 4 Coxal 1319 −6.1 −2.6 −3.8 63 Coast
H8 2 F EF 3 Coxal 601 −5.5 −1.6 −2.3 67 Anth. drinks/Contamination?
H9 2 F EF 3 Coxal 769 −4.4 −1.6 −2.2 75 Anth. drinks/Contamination?
H10 2 F EF 4 Coxal 2807 −4.4 −0.9 −1 74 Anth. drinks/Contamination?
H11 2 F EF 4 Coxal 2840 −6.7 −0.7 −0.7 60 Anth. drinks/Contamination?
H12 2 F EF 1 Coxal 818 −7.4 −0.9 −1 55 Anth. drinks/Contamination?
H14 2 F EF 2 Coxal 282 −4.0 −0.4 −0.3 78 Anth. drinks/Contamination?
H15 2 EF 3 Femur 118 −6.3 −0.1 0.2 62 Anth. drinks/Contamination?
H16 2 EF 3 Femur 1064 −3.6 −0.7 −0.8 80 Anth. drinks/Contamination?
H17 2 b14 EF 4 Femur 4442 (Ind XV) −4.9 −0.8 −1 72 Anth. drinks/Contamination?
H19 2 EF 2 Femur 20 −7.2 −0.2 0.1 56 Anth. drinks/Contamination?
H20 2 EF 2 Femur 883 −8.8 −0.8 −0.9 45 Anth. drinks/Contamination?
H21 2 EF 1 Femur 1573 −5.9 −1.0 −1.2 65 Anth. drinks/Contamination?
H22 2 EF 1 Femur 1629 −5.9 −1.3 −1.6 65 Anth. drinks/Contamination?
H52 1 M YA 191 (Ind 1) Femur R −5.5 −0.4 −0.2 67 Anth. drinks/Contamination?
H53 1 F 18 525 Femur R −5.5 −1.0 −1.2 67 Anth. drinks/Contamination?
H54 1 F MA 42 (Ind 1) Femur −4.7 −1.7 −2.4 73 Anth. drinks/Contamination?
H55 1 F MA 172 (Ind 2) Tibia R −7.2 −1.0 −1.2 56 Anth. drinks/Contamination?
H56 1 M MA 336 Tibia L −5.9 −0.4 −0.2 65 Anth. drinks/Contamination?
H57 1 M 298 Femur L −5.7 −0.4 −0.3 66 Anth. drinks/Contamination?
H58 1 M 20 Femur R −4.3 −1.3 −1.8 75 Anth. drinks/Contamination?
H59 1 M MA 29 Femur L −4.8 −0.9 −1.1 72 Anth. drinks/Contamination?
H60 2 C EF 6 Femur 272 (group P) −3.2 −1.0 −1.2 82 Anth. drinks/Contamination?
H61 1 M YA 38 Femur R −4.9 −0.3 −0.1 72 Anth. drinks/Contamination?
H62 1 M YA 128 Tibia R −4.4 −0.9 −1.1 75 Anth. drinks/Contamination?
H63 2 F EF 6 Coxal 252 −4.9 −1.6 −2.2 71 Anth. drinks/Contamination?
H64 2 F EF 6 Coxal 376 −5.0 −1.2 −1.5 70 Anth. drinks/Contamination?
H65 1 M MA 68 Femur L −8.1 −2.7 −4.1 50 Coast
H66 1 6 130 Femur R −4.8 −0.7 −0.7 72 Anth. drinks/Contamination?
H67 1 8 72 (Ind 1) Tibia I −6.3 −0.4 −0.3 62 Anth. drinks/Contamination?
H68 1 7 84 (Ind 2) Femur R −5.3 −1.1 −1.4 68 Anth. drinks/Contamination?
H69 1 6 87 (Ind 2) Humerus L −8.6 0.9 1.9 47 Anth. drinks/Contamination?
H70 1 6 103 (Ind 2) Femur L −5.3 −0.4 −0.2 68 Anth. drinks/Contamination?
H71 1 7 253 Tibia L −6.0 0.7 1.6 64 Anth. drinks/Contamination?
H72 1 12 145 (Ind 3) Femur R −3.8 −1.1 −1.3 79 Anth. drinks/Contamination?
H73 1 8 135 Femur R −5.2 −0.2 0.1 70 Anth. drinks/Contamination?
H74 1 8 156 Femur L −6.1 −0.5 −0.3 64 Anth. drinks/Contamination?
H75 1 7 219 Femur R −4.3 −0.5 −0.4 76 Anth. drinks/Contamination?
H76 1 M MA 68 (Ind 1) Femur L −4.8 −1.1 −1.5 72 Anth. drinks/Contamination?
H77 1 M MA 331 Femur R −8.1 −2.5 −3.7 50 Coast
H78 1 F 17 48 Femur L −5.8 0.4 1 65 Anth. drinks/Contamination?
H79 1 F MA 55 (Ind1) Femur L −5.7 −2.0 −2.9 66 Anth. drinks/Contamination?
H80 1 F MA 94 Femur R −5.9 −1.0 −1.2 65 Anth. drinks/Contamination?
H81 1 F 147 Femur L −4.8 −1.3 −1.7 72 Anth. drinks/Contamination?
H82 1 F 160 Femur L
H83 1 F 312 Humerus L −6.4 −0.6 −0.5 61 Anth. drinks/Contamination?
H84 1 F 46 Humerus R −8.3 −0.2 0 49 Anth. drinks/Contamination?
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Sample
Number
Bone

Phase Structure Sample
Number
Dentine

Specimen
type

δ13Cap

PDB
(‰)

δ18Oap

PDB
(‰)

δ18Odw

SMOW
(‰)

Est. % C4

plant
δ18Odw est. origin Sample

Number
Enamel

δ13Cap
PDB
(‰)

δ18Oap

PDB
(‰)

δ18Odw

SMOW
(‰)

Est. %
C4
plant

δ18Odw est. origin

H52 1 191 (Ind 1) Hd33 M2 inf L −7.5 0.0 0.5 54 Anth. drinks/Contamination? Hde33 -5.3 -2.1 -3 69 Anth. drinks/Contamination?
H53 1 525 Hd24 M2 sup L −5.0 −0.8 −1 71 Anth. drinks/Contamination?
H54 1 42 (Ind 1) Hd45 M2 sup L −4.2 −0.9 −1 76 Anth. drinks/Contamination?
H55 1 172 (Ind 2) Hd47 M2 sup R −5.8 0.2 0.8 66 Anth. drinks/Contamination? Hde47 -4.3 -1.5 -2.1 75 Anth. drinks/Contamination?
H56 1 336 Hd36 M2 sup L −6.3 −0.7 −0.7 62 Anth. drinks/Contamination?
H57 1 298 Hd34 M2 sup L −7.2 0.1 0.5 56 Anth. drinks/Contamination?
H58 1 20 Hd30 M2 sup L −9.8 −5.9 −9.3 38 Mountain
H59 1 29 Hd31 M2 inf L −6.5 −0.6 −0.5 61 Anth. drinks/Contamination?
H60 2 EF 6
H61 1 38 Hd32 M2 sup L −6.0 −1.0 −1.3 64 Anth. drinks/Contamination?
H62 1 128 Hd49 M2 sup R −4.8 −1.2 −1.6 72 Anth. drinks/Contamination? Hde49 -2.4 -1.7 -2.3 88 Anth. drinks/Contamination?
H63 2 EF 6
H64 2 EF 6
H65 1 68 Hd51 M2 sup L −7.7 −1.9 −2.8 53 Anth. drinks/Contamination?
H66 1 130
H67 1 72 (Ind 1)
H68 1 84 (Ind 2)
H69 1 87 (Ind 2)
H70 1 103 (Ind 2)
H71 1 253
H72 1 145 (Ind 3)
H73 1 135
H74 1 156
H75 1 219
H76 1 68 (Ind 1) Hd50 M2 sup R −5.7 −1.7 −2.3 66 Anth. drinks/Contamination?
H77 1 331 Hd35 M2 sup L −8.3 −2.8 −4.2 49 Coast
H78 1 48 Hd25 M2 sup L −4.9 −0.6 −0.6 72 Anth. drinks/Contamination?
H79 1 55 (Ind1) Hd26 M2 inf L −5.7 −1.2 −1.6 66 Anth. drinks/Contamination?
H80 1 94 Hd27 M2 sup L −6.3 −2.3 −3.4 62 Coast
H81 1 147 Hd23 M2 sup L −4.3 −1.3 −1.6 75 Anth. drinks/Contamination?
H82 1 160 Hd28 M2 sup L −10.2 −5.8 −9.1 36 Mountain
H83 1 312 Hd29 M2 sup L −4.3 −0.3 −0.1 75 Anth. drinks/Contamination?
H84 1 46 Hd46 M2 sup L

2 EF 4 Hd37 Cranium 3743 (M2 sup L) −3.9 −0.9 −1 78 Anth. drinks/Contamination?
2 EF 1 Hd38 Cranium 511 (M2 sup L) −5.6 −0.3 −0.1 67 Anth. drinks/Contamination? Hde38 -7.0 -0.9 -1 57 Anth. drinks/Contamination?
2 EF 1 Hd39 Cranium 448 (M2 sup R) −5.8 −0.4 −0.2 65 Anth. drinks/Contamination?
2 EF 1 Hd40 Mandible 551 (M2 inf L) −5.5 −0.8 −0.8 67 Anth. drinks/Contamination?
2 EF 1 Hd41 Mandible 2 (ind 11?)

(M2 inf L)
−6.2 −1.3 −1.7 62 Anth. drinks/Contamination?

2 EF 1 Hd42 Mandible 55 (M2 inf L) −5.0 0.2 0.7 71 Anth. drinks/Contamination?
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analysis of organic and mineral matter from both bone and tooth
offers information on an individual's early and late years, enabling
the identification of dietary changes and geographic migration
throughout life, particularly in adults. However, within teeth,
secondary dentine continues to form throughout life within the
pulp chamber and root canals (Hillson, 2005). It is difficult, however,
to distinguish between primary and secondary dentine (Mjör et al.,
2001). Furthermore, secondary dentine apposition does not occur
in a linear manner (Meinl et al., 2007).

There are two models for how carbon is incorporated into bone
collagen and apatite (Ambrose et al., 2003; Schwarcz, 2002): the Lin-
ear Mixing model (Scrambled Egg) and the Macronutrient Routing
model. On the one hand, according to the Linear Mixing model, car-
bon is incorporated equally into collagen and apatite from all dietary
sources (protein, lipid, and carbohydrates). On the other hand, the
Macronutrient Routing model proposes that carbon from protein is
mainly incorporated into bone collagen, and that carbon from fat
and carbohydrates is mainly incorporated into bone apatite.
Ambrose et al. (2003) estimate that the routing of protein carbon
into collagen is 65%, whereas Fernandes et al. (2012) estimate it at
75%. If the Macronutrient Routing model is correct, then in popula-
tions who heavily rely on maize, maize should be underrepresented
in collagen as it has a low protein content (ca. 10%) (Ambrose et al.,
2003; Schwarcz, 2002). Consequently, in a Macronutrient Routing
model, stable isotope analysis of collagen is not a good indicator of
total diet, and needs to be considered alongside the apatite data.
Nitrogen in collagen, however, is routed from protein, and therefore
informs about an individual's protein intake (Ambrose and Norr,
1993; Ambrose et al., 2003).

Plant food items at the base of the food chain have isotopic
values that vary in accordance with the type of photosynthesis,
the environment and the species. These isotopic differences have
an impact throughout the food chain, at each step becoming
enriched in heavy isotopes. The isotopic shift observed between
diet and collagen is ca. 5‰ (Ambrose and Norr, 1993), or possibly
6‰ according to some authors (O'Connell et al., 2012) when
analysing a monoisotopic diet (Ambrose et al., 2003). The shift
recorded between the collagen from consecutive trophic levels
(e.g., between a herbivore and a carnivore) is usually around
+1.0‰ for δ13C and between +3.0 and 5.0‰ for δ15N
(Bocherens and Drucker, 2003; DeNiro and Epstein, 1978;
Minagawa and Wada, 1984). However, to interpret the results it
is necessary to characterise the isotopic environment of the
human population. Therefore faunal remains with well-known
diets present at the site have to be included in the analysis
(Herrscher and Le Bras-Goude, 2010).

In plants, the isotopic signature of δ34S is linked to the levels of
soil sulphates, which vary in accordance with the geological terrain,
erosion, microbial soil activity, and local atmosphere (e.g., sea spray;
Krouse et al., 1991). Isotopic fractionation is considered negligible
between the soil sources and plants as well as between any of the
links in the food chain. Nevertheless, δ34S values are relatively high
in a sea environment (+20.0‰) and more variable in a land and
freshwater environment (−10 to +20‰; Nehlich, 2009). Conse-
quently, measured in collagen, δ34S can inform on an individual's
local diet and possibly habitat, if individuals close to the sea are
consuming either more seafood or herbivores raised by the seaside,
which in turn eat plants covered by sea spray. Sulphur can therefore
help distinguish those close to a marine environment from those
further inland. If the geological regions are isotopically different, it
can also further discriminate between geographic origins (Oelze
et al., 2012; Vika, 2009).

In bone and tooth apatite, δ13Cap and δ18O can be measured in cal-
cium carbonate. Apatite carbonate is derived from inorganic carbon
dissolved in blood (Passey et al., 2005). Apatite δ13Cap reflects the
global energy consumed (Ambrose and Norr, 1993). Diet-apatite
carbon isotope spacing is different according to species (e.g. Passey
et al., 2005). The one used for humans varies slightly according to
different authors. We consider data proposed by Ambrose et al.
(2003), Ambrose and Krigbaum (2003), and Hu et al. (2006) indicat-
ing an isotopic shift between diet and apatite of ca. 9.4‰. Carbon
apatite–collagen (δ13Cap–co) spacing can be used to estimate the tro-
phic level (Ambrose et al., 2003; Hedges, 2003; Krueger and Sullivan,
1984). However, in the case of wide isotopic variability of resources
consumed (i.e. C3, C4, marine environments), it is mainly used to es-
timate dietary components. As proposed by Ambrose et al. (2003),
δ13Cap–coll can vary from N11‰ when C3 protein and C4 non-protein
are consumed to ca. 0‰ conversely.

Oxygen (δ18O) in bone mineral reflects the δ18O of water ingested,
mainly by beverage (Longinelli, 1984). Human drinking water comes
mainly from springs and other natural sources. Human δ18O reflects
the δ18O of meteoric water, which varies according to different param-
eters, such as temperature, altitude, and latitude. Therefore, and under
certain conditions, human δ18O can be used to determine geographic or-
igins (e.g., White et al., 1998).

2. Sampling strategy and analyses

Sampling was performed on 49 human individuals and 11 in-
dividual sets of faunal remains from different species available
on the site. Previous sampling of human remains for radiocarbon
dating indicated poor survival of collagen. Therefore, to maximise
the chances of extracting enough collagen, we chose to sample
long bone fragments (compact bone) from ten females, ten
males, ten juveniles (N four years old) from Phase 1 burials. Both
teeth and bone from the same human individuals in Phase 1
were sampled.

Animal remains were chosen according to their presence in the
burials because material was not available from contemporary set-
tlements (taruca (Hippocamelus antisensis), alpaca (Vicugna
pacos), llama (Lama glama), pelican (Pelecanus sp.), Andean condor
(Vultur gryphus)). Nine different individual samples that would not
be completely destroyed by the sampling procedure were chosen.
We acknowledge that these animals may not necessarily be repre-
sentative of everyday diet as they were included as grave offerings.
Nevertheless, they still provide a baseline for interpreting the
results.

Phase 2 individuals had been buried in collective commingled de-
posits. Given the commingling and MNI in the structures, it was not al-
ways possible to establish which skeletal elements pertained to one
single individual, and to ascertain some of the biological information,
such as sex and age-at-death, on selected material. For these reasons,
ossa coxae were selected. Eight females, two males, two juveniles
(N four years old), six individuals of unidentified sex, and two
different samples from among the faunal remains (dog and taruca
(H. antisensis)) were chosen.

Twenty of the sampled individuals from Phase 1 were available
for sampling the root dentine of the second molar. Root dentine
was sampled so that both collagen and apatite could be analysed
and compared to the isotope yields from the bones of the same in-
dividuals. This would also allow for intra-individual comparisons.
Three individuals among those 20 were also sampled on the
crown enamel to test if it would be better suited to analyses in
the future. From Phase 2, the second molars of six individuals
were chosen. These six samples also included one individual sam-
pled for crown enamel. The human samples are detailed in
Tables 1 and 2.

In addition to the archaeological faunal set of remains, modern
samples of foods locally consumed were also analysed. These
included various fruit and vegetables, some fish and meat, and
both C3 and C4 plants (Table 3). All material was prepared at the
LAMPEA laboratory (UMR 7269, Aix-en-Provence, France). Bone



Table 3
Yield and stable isotope ratios for Peruvianmodern food. Carbon isotope ratios have been corrected due to the “fossil fuel effect” (Marino andMcElroy, 1991). Some carbon isotope ratios
are not reported due to lipid content (vegetal oil) in fish preparations (DeNiro and Epstein 1977).

Species %N %C δ15N (‰) δ13Ccorr (‰) %S δ34S (‰)

Potato (Solanum tuberosum)a 1.1 4.1 −28.1
Potato (Solanum stenotomum ssp. goniocalyx)a 2.0 41.0 −25.5
Potato (Solanum stenotomum ssp. goniocalyx)a 0.6 41.8 10.3 −28.0
Ground nut (Arachis hypogaea)b 4.8 55.3 −30.5
Oca (Oxalis tuberosa)b 0.4 34.0 −28.6
Bean (Phaseolus lunatus)b −26.8
Bean (Phaseolus vulgaris)b 4.3 43.4 6.1 −27.2
Quinoa (Chenopodium quinoa)c 2.4 42.8 3.3 −27.0
Chilli (Capsicum baccatum)b 1.3 48.2 7.6 −30.0
Camu-camu (Myrciaria dubia)b 1.7 43.8 4.5 −32.7
Passion fruit (Passiflora tripartita va. mollissima)b 3.3 38.9 4.5 −29.2
Pumpkin (Cucurbita maxima)b 2.1 39.3 6.4 −27.6
Tomato (Solanum lypopersicum)b 2.3 40.0 −29.1
“Stuffing cucumber” (Cyclanthera pedata (L) Schrad)b 5.2 −29.1
Sweet potato (Ipomoea batatas)a −28.5
Manioc (Manihot esculenta)d 0.2 41.6 8.6 −27.9
Rocoto (Capsicum pubescens)b 2.0 43.0 −30.5
Avocado (Persea americana)b 0.6 65.9 4.7 −36.1
Golden berry (Physalis peruviana)b 1.4 41.3 6.0 −26.4
Papaya (Carica papaya L.)b 2.3 40.3 4.5 −26.9
Sweet granadilla (Passiflora ligularis)b 3.7 36.0 8.2 −26.9
Yellow passion fruit (Passiflora edulis f. flavicarpa)b 4.1 −28.5
Alpaca (Auchenia paco)e 5.2 22.2 6.2 −26.5 0.8 15.2
Anchovy (Engraulis ringens)f 13.4 0.3 16.7
Jack mackerel (Trachurus murphyi)f 16.3 0.7 16.7
Mackerel (Scomber japonicus)f 14.0 48.9 11.4 −18.5 1.0 16.9
Sardine (Sardinops sagax)f 11.6 0.6 16.1
Maize (Zea mays)c 1.7 43.8 5.5 −13.6 0.1 7.4
Maize (Zea mays)c 1.4 43.4 2.8 −13.2 0.1 6.2
Maize (Zea mays)c 1.0 42.8 4.2 −13.5 0.1 5.8
Amaranth (Amaranthus caudatus)c 1.8 41.2 4.2 −14.5

a Tuber.
b Fruit.
c Seed.
d Root.
e Dried/salted meat. The use of sea salt to dry the meat may explain the δ34S result.
f Fish.
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samples were cleaned with a sandblaster in order to efficiently
remove the external surface of cortical bone, potentially altered.
The surface of the tooth was cleaned with a drill and then in an
ultrasonic bath to remove the remaining soil deposit. Collagen
was extracted following Longin's (1971) and Bocherens's
(1992) methods. The freeze-dried collagen and modern samples
were analysed by EA-IRMS (Europa Scientific 20-20 IRMS, Iso-
Analytical Ltd., UK) with reproducibility below 0.1‰ measurement
error for C, N and 0.5‰ for S stable isotope ratios. The hydroxyapa-
tite was purified according to Balasse et al.'s (2002) protocol. The
carbonate was analysed in a Kiel IV Carbonate Device coupled to
DeltaV Advantage IRMS, with a measurement error of 0.03‰ for C
and of 0.07‰ for O.

3. Results

3.1. Collagen

The state of preservation of the archaeological collagen was
checked according to international criteria: C/N between 2.9 and
3.6, %N ≥ 11, %C ≥ 30 (DeNiro, 1985; van Klinken, 1999); C/S
between 300 and 900; and N/S between 100 and 300 (Nehlich and
Richards, 2009). From the 87 samples, only 11 yielded sufficient
collagen and only nine of those were well enough preserved to be
included in the discussion below (three bone and six dentine
samples). Among the nine samples, six had enough collagen to pro-
vide δ34S isotopic values respecting standard preservation criteria.
Only one human dentine sample from Phase 2 gave results. None
of the faunal remains provided results adequate for an isotopic in-
terpretation of the collagen values. They are therefore not included
in Tables 1 and 2. All of this confirms that the collagen in the Tablada
de Lurín series is poorly preserved.

The nine samples represent eight individuals because one indi-
vidual presents both bone (H84) and dentine results (Hd46).
Carbon (δ13C) and δ15N stable isotope values range from −13.7‰
to −9.7‰ and from 13.3‰ to 15.7‰, respectively. Sulphur (δ34S)
stable isotope values range from 12.2‰ to 13.9‰. Carbon (δ13C)
and δ15N are consistent with both marine and C4 plant protein in-
take. However, proportions differ between individuals (Table 1;
Figs. 4 and 5).

Using calculations proposed by Ambrose et al. (1997), the quanti-
ty of marine resources contributing to protein was estimated to
range from 60% to more than 90% (Table 1). Since carbon in collagen
mainly comes from dietary protein, it is likely these figures are
slightly overestimated (Ambrose et al., 1997) and need to be consid-
ered alongside the apatite data. Furthermore, maize and beans may
also be contributing some protein and consequently carbon into
the collagen. The protein content of beans (Phaseolus vulgaris) is 20
to 26% (Barampama and Simard, 1993; Duranti, 2006) and of maize
is ca. 10% (Ambrose et al., 2003). The limited sample size does not
allow for statistical comparisons based on biological information.
Nevertheless, there is variation in marine protein intake within the
sample. The single male individual (Hd33) falls within the range of
the female and juvenile samples. For one of the female individuals



Fig. 4. Carbon and nitrogen stable isotope ratios of bone and dentine collagen, combined
with concentration dependent mixing triangle (calculated from ISOCONC 1.01) and with
concentration-weighted stable isotope mixing model (from IsoSource 1.3.1; Phillips and
Koch, 2002).
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(H84 and Hd46 samples), bone and dentine collagen was available
for analysis. Data show that protein intake and food sources were
similar in both childhood (dentine) and adulthood (bone) for this
individual.

From the faunal remains one bone sample yielded results. Conse-
quently, modern food values acquired for this study were used to
generate a dietary model (Table 3; Ambrose et al., 1997; −1.6‰ for
δ13C in terrestrial ecosystem, −0.5‰ for δ13C in marine ecosystem).
IsoConc 1.01 (Phillips and Koch, 2002) and IsoSource 1.3.1 (Phillips
and Gregg, 2003) were applied to generate the dietary model. Figs.
4 and 5 show that the human samples yielding collagen results clus-
ter together and are closer to the marine food values than to the ter-
restrial food values.

3.2. Apatite

The apatite carbonate state of preservation in archaeological
samples is difficult to estimate (Koch et al., 1997). Some data can
be checked during the stable isotope measurement process in
Fig. 5. Nitrogen and sulphur stable isotope ratios of bone and dentine collagen from
Tablada archaeological samples and from modern food samples.
order to identify questionable samples (Zazzo, 2001). Most studies
use enamel and/or the phosphate part of apatite, instead of bone
or dentine carbonate. Enamel is less porous, which decreases the
risk of isotopic modification induced by contamination and degra-
dation (Koch, 2007; Koch et al., 1997; Wang and Cerling, 1994).
However, in certain burial conditions, enamel can also be subject
to alteration and show a modified isotopic signal (Koch, 2007;
Zazzo et al., 2004). Carbon (δ13Cap) and δ18O analyses were
performed on bone and dentine samples already used for collagen
extraction, in order to combine both research objectives and to
preserve the archaeological material as much as possible (thereby
meeting the expectation of cultural heritage preservation authori-
ties). In addition to bone and dentine, four enamel samples from
the already sampled individuals were also analysed. All 87 samples
gave isotopic results. Carbon (δ13Cap) ranges from −15.0‰ to
−2.4‰, with a mean of −6.2 and a standard deviation (SD) of 2.1.
Oxygen (δ18O) ranges from −5.9‰ to +3.1‰ with a mean of
−0.8 and a SD of 1.3 (Table 2).

3.2.1. Oxygen stable isotope
Palaeoclimatic research shows that environmental conditions

along the Peruvian central coast have remained stable for the last
3000 years (Sandweiss, 2003; Sandweiss et al., 1998, 2007). Current
precipitation values are therefore relevant to interpret the variation
in oxygen stable isotope from drinking water (δ18Odw) during
the last 3000 years. The transformation of human δ18O values to
δ18Odw was performed following Friedman and O'Neil (1977),
Chenery et al. (2012), and Daux et al. (2008). These transformations
are complementary. Friedman and O'Neil's (1977) equation changes
the standard from δ18O PDB of carbonate to δ18O SMOW
(=1.03086 × δ18Oc PDB + 30.86). Chenery et al.'s (2012) equation
transforms the δ18O SMOW values of carbonate into δ18O SMOW
values of phosphate (=1.0322 × δ18Oc SMOW − 9.6849). Finally,
Daux et al.'s (2008) equation transforms δ18O SMOW values of phos-
phate into δ18Odw SMOW (=1.54 × δ18Op SMOW− 33.72). Results
range from−9.3‰ to+1.9‰ (Table 2).

3.2.2. Carbon stable isotope
Using calculations proposed by Ambrose et al. (1997, 2003),

the quantity of C4 plants (mainly maize) contributing to the
whole energy consumed was estimated (%C4 = (−25 −
Fig. 6. Carbon and nitrogen stable isotope ratios from sites located at different altitudes in
Peru (from Finucane et al., 2006; Knudson et al., 2007; Tomczak, 2003; Tykot et al., 2006)
compared with data from this study.

Image of Fig. 4
Image of Fig. 5
Image of Fig. 6


3 This is not stated in Tykot's text, but the code for one of the samples indicates it comes
from structure EF3 (Phase 2; Tykot et al., 2006: Table 14.1).

Fig. 7. Carbon and oxygen isotopic values from bone and dentine apatite and relationship
with geographical origin of individuals.
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(δ13Cap − 9.4)) / 15 × 100; Table 2). It ranges from 36% to 79% in
the bone and dentine samples from Phase 1 without distinction
between sexes or age groups. The difference between individual
dentine and bone samples in the estimated proportion of C4 plants
contributing to the diet ranges from 37% to 0%. Most of the esti-
mated differences are ≤15%, but one individual (samples H58
and Hd30) shows a difference of 37% between childhood (den-
tine) and adulthood (bone).

Results from the three enamel samples from Phase 1 indicate a
high proportion of maize in total diet during childhood, yet the
values are lower in the associated dentine. As mentioned in
Section 1.4, teeth form during childhood and isotope content within
the teeth reflects childhood diet. However, because there is a small
amount of secondary dentine formed throughout life within the
pulp chamber, and because the crown forms before the tooth root,
enamel and dentine values may not be identical within the same in-
dividual. Here, the enamel values would indicate a greater propor-
tion of maize in the diet during early childhood. Interestingly, for
two individuals the proportions indicated by the bone apatite are
greater than the dentine values, though still lower than the enamel
values (H52 with Hd33 and Hde33: 67%, 54% and 69%; H62, with
Hd49 and Hde38: 75%, 72% and 88%, respectively). This may be an
indication of fluctuating proportions within the diet throughout
the life course. From Phase 2, only one enamel sample (Hde38)
yielded results and shows, contrary to Phase 1, a lower proportion
of maize in early childhood diet when compared to the dentine
sample of the same individual (Hd38): from 57% (enamel) to 67%
(dentine).

4. Discussion

4.1. Collagen

The model in Fig. 4 was designed using modern food values
acquired for this study and corrected for palaeodietary reconstruc-
tion (Ambrose et al., 1997; Phillips and Koch, 2002; Phillips and
Gregg, 2003; Table 3). Results indicate a predominance of marine
protein (possibly mixed with protein from maize and beans, and
other carbohydrate and lipid sources) and relative importance of
maize in the diet. Terrestrial C3 resources (meat and plant) are
not excluded but do not seem to feature prominently in the
model produced.

From Phase 1, only one female individual yielded results suitable
for intra-individual comparison— samples H84 and Hd46. Data show
that her protein intake and food sources were similar between child-
hood (dentine) and adulthood (bone), indicating no or limited die-
tary changes during her lifetime (Table 1). From Phase 2, only one
individual's dentine sample (Hd42) yielded results. This indicates a
high proportion of marine protein contributing to the diet (89%;
Table 1). As mentioned in Section 3.1, this is likely to be an overesti-
mation of the marine protein intake as maize and beans also contrib-
ute protein to the diet. Furthermore, if the Macronutrient Routing
model is correct, carbon in collagen is not a good indicator of total
diet and needs to be considered alongside the apatite data
(Ambrose et al., 2003). Finally, this one individual from Phase 2
had a similar dietary pattern in childhood to those recorded for
Phase 1.

Comparisons with modern and archaeological δ34S and δ15N iso-
tope values support the high contribution of marine protein to the
diet in most individuals yielding results for analysis (Phase 1;
Figs. 5 and 6). This is the first time δ34S isotopic values from bone
and tooth are proposed for Peruvian human palaeodietary re-
search. Nevertheless, further analyses on other samples need to
be conducted for a more accurate interpretation. Peru presents a
strong altitudinal gradient, due to the Andes topography at the
edge of the Pacific Ocean. It is possible the δ34S coastal signal
could be recorded far inland, if mountainous areas are reached by
sea spray (e.g., Zazzo et al., 2011). Plant and animal samples from
different locations and environments should be studied in the fu-
ture in order to better understand this phenomenon and interpret
archaeological δ34S values.

The results obtained were compared to previous ones from the
same site (Tykot et al., 2006) and other pre-Columbian Peruvian
sites (Finucane et al., 2006; Knudson, 2009; Knudson et al.,
2007, 2009; Tomczak, 2003; Turner et al., 2009; Williams,
2005). The results fit with the conclusion proposed by Tykot et
al. (2006: 195) on other individuals from Tablada de Lurín (all
from Phase 1, except one sample from Phase 2),3 where seafood
and maize would have been the staple foods of the population
(Fig. 6).

Distance to the sea seems to be an important factor in deter-
mining human dietary patterns in this region (Williams, 2005). In-
dividuals found on sites located close to the ocean, such as
Chiribaya Alta and Mina Perdida, show stable isotope values con-
sistent with marine protein intake and maize consumption (hair
and bone analysis; Knudson et al., 2007; Tomczak, 2003; Tykot
et al., 2006). Further inland, a combination of C3 and C4 resources
with less marine protein intake dominate the diet (e.g., El Yaral,
1000 m a.s.l.; Knudson et al., 2007; Tomczak, 2003). Finally, indi-
viduals found on sites located at middle to high altitude, such as
Pacopampa and Conchopata (N2000 m a.s.l.), show stable isotope
values consistent with consumption of terrestrial resources in-
cluding either large amounts of maize or large amounts of C3

plants like potatoes (Solanum tuberosum; Finucane et al., 2006;
Tykot et al., 2006).

The variation in marine protein intake of the Tablada series
(Table 1) indicates slightly different dietary practices and possibly
different geographical origins for the individuals sampled. The
sulphur values suggest that individuals lived close enough to the

Image of Fig. 7
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ocean and could possibly have been able to acquire fresh seafood on
a regular basis. Therefore, the results from the individuals sampled
at Tablada indicate they consumed marine protein on a regular
basis; however, there is no evidence from the material goods for
the regular practice of shellfishing, fishing, or the acquisition of
other marine resources. Based on our findings and Tykot et al.'s
(2006), we would like to suggest that the inhumed population at
Tablada (at least for Phase 1) formed part of a larger group of peo-
ple, who may have included, for example, the populations buried
at El Panel, Ferrocarril, and Villa el Salvador. These other burial pop-
ulations do show evidence for the acquisition of marine goods. This
would suggest that these cemeteries may represent specialised
groups, and therefore Rostworowski's (1970, 1977a, 1977b) pro-
posed economic arrangement for the Peruvian coast during the
early 16th century AD may apply as far back as the EIP to some
coastal populations.
4.2. Apatite

4.2.1. Oxygen stable isotope
Although the samples respected all first analysis criteria (Zazzo,

2001), most of them show δ18O values not consistent with values
expected for inhabitants of this part of the Andes (Table 2; Fig. 7).
Work performed by Knudson (2009) to test the validity of this stable
isotope as an archaeological residential mobility tracer in the Andes,
indicated a range of δ18O from−10.6‰ to−1.8‰ and a δ18Odw from
−14.9‰ to −3.6‰ (measured on archaeological enamel apatite).
Since palaeoclimatic research indicates that environmental condi-
tions along the Peruvian central coast have remained stable for the
last 3000 years (Sandweiss, 2003; Sandweiss et al., 1998, 2007),
current precipitation values are therefore relevant to understand
the δ18Odw variability of Tablada's samples. The modern database
proposed by Bowen (2011) and Bowen and Revenaugh (2003) indi-
cates precipitation δ18O values from ca. −4‰ (coast) to b−10‰
(high altitude) in this area. Moreover, research performed by the
International Atomic Energy Agency (IAEA) on different water
sources, in particular from the Lima aquifers (lake, river), indicates
δ18O values of ca. −10.5 ± 3‰ (IAEA, 2009).

Considering these data, most of the samples analysed here do
not fit with the geographical area considered. Most of the values
recorded are more consistent with the region of Tumbes (IAEA,
2009), located at the North of Peru, at the Ecuadorian border, ca.
1000 km away from the Lurín Valley. Though such long distance
migration cannot be excluded, two other main explanations are
considered: (1) the consumption of beverages with high δ18O
and/or (2) the strong alteration of carbonate and thus the modifi-
cation of isotopic values. The regular consumption of beverages as
brewed drinks (e.g., beer), boiled drinks (e.g., infused herbal bev-
erages), or even stewed food would affect bone δ18O (Brettell
et al., 2012). Brettell et al.'s (2012) study demonstrates that a
δ18O shift occurs during different heating processes. The authors
estimate that the regular consumption of a “cooked” beverage or
soup would lead to a bone δ18O increase between 0.6‰ and
4.4‰ compared to the regular consumption of freshwater. Similar
results were found by Daux et al. (2008) on modern food with
the highest modification recorded in vegetables. There is archaeo-
logical evidence, at least as far back as the EIP, and ethno-historic
accounts from the Central Andes for the production and consump-
tion of chicha (maize fermented drink; Dillehay, 2003; Hastorf and
Johannessen, 1993; Jennings, 2014; Rostworowski, 1977b: 240–
244; Segura, 2001; Shimada, 1994: 221–224). At Tablada, such
behaviour must be taken into consideration. Nevertheless, consid-
ering the poor preservation of collagen in the samples, it is also
possible the δ18O values have been altered due to diagenetic
processes.
Some authors use isotopic deviations between enamel and
dentine tissues to detect diagenetic modifications (Hu et al.,
2006; Zazzo, 2001). In the Tablada material (four samples), the
difference of δ18O recorded in enamel and dentine ranges from
0.35‰ to 2.31‰ (Table 2). However, the second molar crown
and root mineralise at different times; human mobility during
this time can therefore not be excluded. It appears, consequently,
that using δ18O to trace mobility patterns is not conclusive for the
Tablada material. In this instance, all explanations – mobility,
consumption of boiled/brewed water, and diagenetic changes –
are equally valid.

4.2.2. Carbon and oxygen stable isotopes
Following the discussion above on the δ18O results, 44 bone and

21 tooth samples have been excluded from the discussion due to
questions about their preservation (Fig. 7). The seven other samples
(representing five individuals from Phase 1 and one from Phase
2) can be discussed for both δ13Cap and δ18O results: three bone
and four dentine samples (underlined in Table 2). The calculated
δ18Odw ranges from −9.32‰ to −3.4‰ and the δ13Cap from
−10.2‰ to −6.1‰.

Among the δ18O results, there are five samples, corresponding to
four individuals, which have δ18O readings consistent with a geo-
graphical location close to the sea (around 60 m a.s.l.; mean δ18O
values of precipitation = −5.0‰ (Bowen, 2011); bone samples:
H3, H65, and H77 (and his dentine sample Hd35); dentine sample:
Hd27; Table 2). Two other individuals, a female and a male (dentine
samples Hd28 and Hd30, respectively; Table 2), yielded values simi-
lar to those expected for people who grew up at high-altitude
(around 3000 m a.s.l.; mean δ18O values of precipitation =−10.6‰
(Bowen, 2011)).

For the six individuals represented by these seven samples, δ13Cap

variability indicates different C4 consumption levels. Proportions
range from 36% to 63% in the bone and the dentine samples of the
six individuals. This variation fits with the δ18O variation of the
seven samples that yielded δ18O readings consistent with either a
coastal or mountainous location. The samples with the lowest δ18O
readings (dentine samples: Hd28 and Hd30) also recorded the
lowest δ13Cap measurements among these seven samples (Table 2;
Fig. 7).

The δ13Cap readings of dentine samples Hd28 and Hd30, which
have δ18O values consistent with a mountainous location, indicate
less maize consumption (b40%; Fig. 7) than the four individuals
with δ18O ‘coastal’ readings (≥49% in their bone and dentine
samples when available). This may mean that more C3 resources
contributed to the diet of these two individuals in childhood
than to that of the other people. Furthermore, individual H58
(Hd30) almost doubled the estimated proportion of C4 plants in
his diet between childhood (estimated at 38%; dentine Hd30)
and adulthood (estimated at 75%; bone H58), a difference of
37%. The difference in C4 plant consumption through his life
course could be the result of migration. His dentine δ18O values
are consistent with a mountainous location in childhood. Unfor-
tunately, his bone δ18O values cannot be interpreted. Bone sam-
ple H82 associated with Hd28 was unexploitable and therefore
intra-individual comparisons cannot be made for that individual
with regards to her diet.

The individual represented by samples H77 and Hd35 shows an
estimated C4 consumption of 49 and 50%, which indicates no mod-
ification in the levels of C4 plants in his diet through his life
course. His oxygen readings from both his bone and dentine sam-
ples are consistent with a coastal environment. Maize requires in-
tensive irrigation and though it can be cultivated up to 3600 m
a.s.l. (Perry et al., 2006), C3 plants like the potato and other tubers
are better suited than maize to these higher altitudes. Hawkes
(1990 in Pearsall, 2008: 107) indicates that at the time of Spanish
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conquest the potato was grown from 2000 to 4000 m a.s.l. Today
the potato predominates between 1500 and 3500 m a.s.l.
(Córdova, 2002: 250). In the archaeological record, iconography,
plant remains and food residues show that from 2000 BC onwards
a variety of crops were successfully cultivated on the Peruvian
coast — including maize, potatoes, and other C3 plants (Daunay
et al., 2007; Janick, 2011; Pearsall, 2008: 116; Thompson, 2006;
Ugent et al., 1982). It may be difficult from these archaeological
sources to ascertain whether a crop was more important than an-
other in terms of diet. However, studies of diet through stable iso-
tope analysis show that coastal populations tended to consume
more maize than their non-coastal counterparts (Burger and Van
der Merwe, 1990; Tykot et al., 2006). It is therefore plausible
that the individual represented by samples H58 and Hd30 in-
creased his consumption of maize when he moved from a moun-
tainous location to a site closer to the sea, but, as already
mentioned, the oxygen results from his bone sample are
unexploitable. The individual represented by samples H77 and
Hd35 may have migrated during his lifetime but seemingly within
a coastal setting and without changing his levels of C4 plant con-
sumption. No sex or age differences have been recorded among
this small dataset and intra-individual comparisons rely solely on
the individuals mentioned above.
5. Conclusion

This multi-element and multi-tissue study combines for the first
time in the Peruvian Andes the usual isotopic data – δ13C, δ15N, and
δ18O –with δ34S andmodern samples. Though a limited number of sam-
ples yielded isotope data, results support a more complex dietary pat-
tern than initially assumed by the study of the archaeological material
and corroborate trends in Andean dietary patterns that have emerged
from previous studies.

Notwithstanding the lack of evidence from the archaeological
material for fishing or the exploitation of other marine resources
by individuals buried at Tablada, it appears from the isotope analy-
sis (collagen) that at least for Phase 1, seafood and maize constitut-
ed the staple foods. Their proportions vary according to each
individual without the possibility of establishing, for the moment,
a relationship with other biological or social data because of the
limited sample size. Whether these variations could reflect differ-
ential access to chicha beer and marine food in relation to status,
age, gender, or geographic origin, or just different eating practices
among individuals and different origins for people from Phase 1 is
yet to be answered. Furthermore, the results obtained from colla-
gen are in line with those from previous studies (Finucane et al.,
2006; Knudson, 2009; Knudson et al., 2007, 2009; Tomczak, 2003;
Turner et al., 2009; Williams, 2005), particularly Tykot's results
from Tablada (Tykot et al., 2006). From these studies, it appears
that populations from sites close to the sea (b50 km) consume
more marine protein and C4 plants, as opposed to sites further in-
land where populations have a preference for terrestrial protein
and C3 plants (Fig. 6).

Results from the apatite do not contradict the collagen findings for
δ13C. Intra-individual studies of the apatite results were only possible
on one individual. This individual alongside the otherfive bone and den-
tine samples whose oxygen results could be interpreted (Table 2)
highlighted once again the relationship between the coast and the con-
sumption of C4 plants, and the highlands and the consumption of C3

plants.
Though archaeological remains of plants, food residue, and ico-

nography can help ascertain which plants were cultivated or gath-
ered and which animals were reared or hunted, it may be difficult
from these sources to determine which were the actual staple
foods of a population. Stable isotope analysis of human tooth and
bone samples can help identify these staple foods as demonstrated
through this study.

The δ18O results emphasise the need for further studies in the re-
gion, in particular the question of brewed or boiled beverage con-
sumption. Given Knudson's (2009) and Brettell et al.'s (2012)
findings, the δ18O results from Tablada cannot be explained solely
by migration from the North coast or by diagenetic changes to the
samples.

Our findings coupled with those from Tykot et al. (2006) sug-
gest that the inhumed population at Tablada (at least for Phase
1) formed part of a larger group of people, some of whom prac-
tised fishing and shellfishing. The populations buried at El
Panel, Ferrocarril, Villa el Salvador, and Lomo de Corvina show
evidence for the acquisition of marine goods. This would suggest
that Rostworowski's (1970, 1977a, 1977b) proposed economic
arrangement for the Peruvian coast at the time of Spanish contact
may apply as far back as the EIP to some coastal populations.
However, Murra's (1972 in Murra, 1975) ecological complemen-
tarity scenario and other economic patterns cannot be excluded
at this stage.

Results also show the necessity to establish a further isotopic base-
line and isoscape for the region, specifically for δ34S. They illustrate the
importance of sampling selection, particularly when trying to combine
the type of bone with individual biological information. Perspectives
for future studies are to enlarge the sample size, including enamel in
the analyses, and to focus on material with more available biological
criteria for comparison (i.e., a very large selection of individuals but
only from Phase 1).
Acknowledgements

The authors would like to thank Iso-Analytical Ltd. (Crewe, UK),
J. Ughetto and M. Balasse (SSIMM MNHN UMR 7209, Paris, France)
for their availability and services, A. Mazuy and M. Regert (CEPAM
UMR 7264, Nice, France) for the FTIR assistance, M. Lebon and I.
Reiche for their advice, the staff and students of Pachacámac Valley
Program (before Lomas de Lurín), Pontificia Universidad Católica
del Perú for their help and support, and the Museo Nacional de
Arqueología, Antropología e Historia del Perú (Pueblo Libre,
Lima, Peru) as well as the Ministerio de Cultura (Lima, Peru) for
the research and export permit. We would also like to thank
the anonymous reviewers for their helpful and insightful com-
ments, as well as Mark Villeneuve for proof reading the final
draft. This work was funded by a CNRS-PEPS INEE 2012 grant, by
Asociación Atocongo, and by Santander International Travel Grants
(Bournemouth University). Samples were exported from Peru and
analysed under permit no. 057-DGPC-VMPCIC-MC (Resolución
Directorial del Ministerio de Cultura, Peru).
References

Ambrose, S.H., Buikstra, J., Krueger, H.W., 2003. Status and gender differences in diet at
Mound 72 Cahokia revealed by isotopic analysis of bone. J. Anthropol. Archaeol. 22,
217–226.

Ambrose, S.H., Butler, B.M., Hanson, D.B., Hunter-Anderson, R.L., Krueger, H.W., 1997. Sta-
ble isotopic analysis of human diet in the Marianas archipelago, Western Pacific. Am.
J. Phys. Anthropol. 104, 343–361.

Ambrose, S.H., Krigbaum, J., 2003. Bone chemistry and bioarchaeology. J. Anthropol.
Archaeol. 22, 191–199.

Ambrose, S.H., Norr, L., 1993. Experimental evidence for the relationship of the carbon iso-
tope ratios of whole diet and dietary protein to those of bone collagen and carbonate,
in: Lambert, J.B., Grupe G. (Eds.), Prehistoric Human Bone. Archaeology at the Molec-
ular Level. Springer-Verlag, Berlin, pp. 1–37.

Balasse, M., Ambrose, S.H., Smith, A.B., Price, T.D., 2002. The seasonal mobility model for
prehistoric herders in the south-western Cape of South Africa assessed by isotopic
analysis of sheep tooth enamel. J. Archaeol. Sci. 29, 917–932.

Balbuena Cotlear, L., 1996. Entierros Múltiples en Tablada de Lurín: una aproximación al
ritual funerario. Pontificia Universidad Católica del Perú, Lima (unpublished
dissertation).

http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0005
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0005
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0005
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0010
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0010
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0010
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0015
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0015
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0020
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0020
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0020
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0025
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0025
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0025


384 K. Gerdau-Radonić et al. / Journal of Archaeological Science: Reports 4 (2015) 371–386
Barampama, Z., Simard, R.E., 1993. Nutrient composition, protein quality and
antinutritional factors of some varieties of dry beans (Phaseolus vulgaris) grown in
Burundi. Food Chem. 47, 159–167.

Blom, D.E., Hallgrimsson, B., Keng, L., Lozada, M.C., Buikstra, J.E., 1998. Tiwanaku ‘coloniza-
tion’: bioarchaeological implications for migration in the Moquegua Valley, Peru.
World Archaeol. 30, 238–261.

Bocherens, H., 1992. Biogéochimie isotopique (13C, 15N, 18O) et paléontologie des
vertébrés : application à l'étude des réseaux trophiques révolus et des
paléoenvironnements. Université Paris VI, Paris (PhD Dissertation).

Bocherens, H., Drucker, D., 2003. Trophic level isotopic enrichment of carbon and nitrogen
in bone collagen: case studies from recent and ancient terrestrial ecosystems. Int.
J. Osteoarchaeol. 13, 46–53.

Bowen, G.J., 2011. The online isotopes in precipitation calculator. http://www.
waterisotopes.org. Last accessed: 7th September 2015.

Bowen, G.J., Revenaugh, J., 2003. Interpolating the isotopic composition of modern mete-
oric precipitation. Water Resour. Res. 39, 1299. http://dx.doi.org/10.1029/
2003WR002086.

Brettell, R., Montgomery, J., Evans, J., 2012. Brewing and stewing: the effect of cultur-
ally mediated behaviour on the oxygen isotope composition of ingested fluids
and the implications for human provenance studies. J. Anal. At. Spectrom. 2,
778–785.

Burger, R.L., van der Merwe, N.J., 1990. Maize and the origin of highland Chavin civiliza-
tion: an isotopic perspective. Am. Anthropol. 92, 85–95.

Buzon, M.R., Conlee, C.A., Bowen, G.J., 2011. Refining oxygen isotope analysis in the Nasca
region of Peru: an investigation of water sources and archaeological samples. Int.
J. Osteoarchaeol. 21, 446–455.

Cárdenas Martín, M., 1999. Cerámica escultórica de la Tablada de Lurín del Horizonte
Temprano. Bol. Lima. 115, 60–74.

CárdenasMartín, M., Vivar Anaya, J., 1990. Excavaciones en un cementerio de la costa cen-
tral del Perú: Tablada de Lurín. Bol. Inst. Riva-Agüero. 17, 499–516.

Cárdenas Martín, M., Vivar Anaya, J., 1999. Tablada de Lurín: Excavaciones 1958–1989;
Patrones Funerarios. Instituto Riva-Agüero, Pontificia Universidad Católica del Perú,
Lima.

Castro de la Mata, P., 2005. Los artefactos de metal y el ritual funerario en el
cemeterio de entierros en pozo de Tablada de Lurín. Arqueología, Geografía e
Historia: aportes peruanos en el 50o. Congreso de Americanistas, Varsovia-
Polonia, 2000. Fondo Editorial Pontificia Universidad Católica del Perú, Lima,
pp. 13–26.

Chenery, C.A., Pashley, V., Lamb, A.L., Sloane, H.J., Evans, J., 2012. The oxygen
isotope relationship between the phosphate and structural carbonate
fractions of human hydroxyapatite. Rapid Commun. Mass Spectrom. 26,
309–319.

Conlee, C.A., Buzon, M.R., Gutierrez, A.N., Simonetti, A., Creaser, R.A., 2009. Identifying for-
eigners versus locals in a burial population from Nasca, Peru: an investigation using
strontium isotope analysis. J. Archaeol. Sci. 36, 2755–2764.

Córdova Aguilar, H., 2002. Naturaleza y Sociedad. Una introducción a la Geografía. Fondo
Editorial Pontificia Universidad Católica del Perú, Lima.

Daunay, M.C., Laterrot, H., Janick, J., 2007. Iconography of the Solanaceae from antiquity to
the XVIIth century: A rich source of information on genetic diversity and uses. Acta
Hort. (ISHS) 745, 59–88.

Daux, V., Lécuyer, C., Héran, M.A., Amiot, R., Simon, L., Fourel, F., Martineau, F., Lynnerup,
N., Reychlere, H., Escarguel, G., 2008. Oxygen isotope fractionation between human
phosphate and water revisited. J. Hum. Evol. 55, 1138–1147.

DeNiro, M.J., 1985. Post-mortem preservation and alteration of in vivo bone colla-
gen isotope ratios on relation to palaeodietary reconstruction. Nature 317,
806–809.

DeNiro, M.J., Epstein, S., 1977. Mechanism of carbon isotope fractionation associated with
lipid synthesis. Science 197, 261–263.

DeNiro, M.J., Epstein, S., 1978. Influence of diet on the distribution of carbon isotopes in
animals. Geochim. Cosmochim. Acta 42, 495–506.

Dillehay, T.D., 2003. El colonialismo Inka, el consumo de chicha y los festines desde una
perspectiva de banquetes políticos. Bol. Arqueol. PUCP 7, 355–363.

Duranti, M., 2006. Grain legume proteins and nutraceutical properties. Fitoterapia 77,
67–82.

Fernandes, R., Nadeau, M.J., Grootes, P.M., 2012. Macronutrient-based model for die-
tary carbon routing in bone collagen and bioapatite. Archaeol. Anthropol. Sci. 4,
291–301.

Finucane, B., Maita Agurto, P., Isbell, W.H., 2006. Human and animal diet at
Conchopata, Peru: stable isotope evidence for maize agriculture and animal
management practices during the Middle Horizon. J. Archaeol. Sci. 33,
1766–1776.

Friedman, I., O'Neil, J.R., 1977. Compilation of stable isotope fractionation factors of geo-
chemical interest. Data of geochemistry, Chapter KK. US Geological Survey Profes-
sional Paper 440-KK, Washington, D.C.

Gerdau Radonić, K., 2007. Les tombes collectives de Tablada de Lurín (Vallée de
Lurín, Pérou ; Ier - IIIe s. ap. J.C.). Université Bordeaux I, Bordeaux (PhD
dissertation).

Gerdau Radonić, K., Makowski, K., 2011. Las sepulturas colectivas de Tablada de
Lurín: una perspectiva desde la antropología biológica. In: Vetter, L., Tellez, S.,
Vega-Centeno, R. (Eds.), Arqueología peruana: homenaje a Mercedes Cárdenas.
Instituto Riva-Agüero, Pontificia Universidad Católica del Perú, Lima,
pp. 145–176.

Goldhausen, M., 2013. Spätformativ- und regionalzeitliche Besiedlung im
Trockental Orcón- Pacaybamba an der Zentralen Küste von Peru (450 v.Chr.–
750 n.Chr.). Ein Beitrag zur Problematik der Entstehung früher Staatlichkeit
in den Zentralen Anden. Freie Universität Berlin, Berlin (PhD dissertation).
Hastorf, C.A., Johannessen, S., 1993. Pre-Hispanic political change and the role of maize in
the Central Andes of Peru. Am. Anthropol. 95, 115–138.

Hedges, R.E.M., 2003. On bone collagen–apatite–carbonate isotopic relationships. Int.
J. Osteoarchaeol. 13, 66–79.

Hedges, R.E.M., Clement, J.G., David, C., Thomas, L., O'Connell, T.C., 2007.
Collagen turnover in the adult femoral mid-shaft: modeled from
anthropogenic radiocarbon tracer measurements. Am. J. Phys. Anthropol.
133, 808–816.

Hedges, R.E.M., Lee-Thorp, J.A., Tuross, N.C., 1995. Is tooth enamel carbonate a suitable
material for radiocarbon dating? Radiocarbon 37, 285–290.

Henry, E.M.L., 2008. Examining Wari influence in the Las Trancas Valley, Peru using oxy-
gen isotopes from bone carbonate. University of California San Diego, San Diego, CA
https://escholarship.org/uc/item/971719tg. Last accessed 11th August 2015 (unpub-
lished MA dissertation).

Herrscher, E., Le Bras-Goude, G., 2010. Southern French Neolithic populations: isotopic
evidence for regional specificities in environment and diet. Am. J. Phys. Anthropol.
14, 259–272.

Hillson, S., 2005. Teeth. Cambridge University Press, Cambridge.
Hu, Y., Ambrose, S.H., Wang, C., 2006. Stable isotopic analysis of human bones from Jiahu

site, Henan, China: implications for the transition to agriculture. J. Archaeol. Sci. 33,
1319–1330.

International Atomic Energy Agency (IAEA). 2009. Peru, in: Programme IWR (Ed.), Atlas
of Isotope Hydrology — The Americas. IAEA Library Cataloguing in Publication Data,
Vienna, pp. 133–144.

International Commission on Radiological Protection (ICRP), 2002. Basic anatomical and
physiological data for use in radiological protection. Reference values. ICRP Publica-
tion 89. Ann. ICRP 32 (3–4).

Janick, J., 2011. New world crops: iconography and history. Acta Hort. (ISHS) 916,
93–104.

Jennings, J., 2014. A glass for the gods and a gift to my neighbour: the importance of
alcohol in the pre-Columbian Andes. In: Pierce, G., Toxqui, A. (Eds.), Alcohol in
Latin America: A Social and Cultural History. University of Arizona Press,
Tucson.

Jiménez, M., 2009. Ocupaciones tempranas de lomas en el valle de Lurín. In: Burger, R.,
Makowski, K. (Eds.), Arqueología del Periodo Formativo en la cuenca baja de Lurín,
Valle de Pachacámac vol. 1. Fondo Editorial Pontificia Universidad Católica del Perú,
Lima, pp. 284–318.

Kellner, C.M., Schoeninger, M.J., 2008. Wari's imperial influence on local Nasca diet: the
stable isotope evidence. J. Anthropol. Archaeol. 27, 226–243.

Knudson, K.J., 2009. Oxygen isotope analysis in a land of environmental extremes:
the complexities of isotopic work in the Andes. Int. J. Osteoarchaeol. 19,
171–191.

Knudson, K.J., Aufderheide, A.E., Buikstra, J.E., 2007. Seasonality and paleodiet in the
Chiribaya polity of southern Peru. J. Archaeol. Sci. 34, 451–462.

Knudson, K.J., Williams, S.R., Osborn, R., Forgey, K., Williams, P.R., 2009. The geographic
origins of Nasca trophy heads using strontium, oxygen, and carbon isotope data.
J. Anthropol. Archaeol. 28, 244–257.

Koch, P.L., 2007. Isotopic study of the biology of modern and fossil vertebrates. In:
Michener, R., Lajtha, K. (Eds.), Stable Isotopes in Ecology and Environmental Science,
second ed. Blackwell Publishing, Boston, pp. 99–154.

Koch, P.L., Tuross, N., Fogel, M.L., 1997. The effects of sample treatment and diagenesis on
the isotopic integrity of carbonate in biogenic hydroxyapatite. J. Archaeol. Sci. 24,
417–429.

Kolata, A.L., 1986. The agricultural foundations of the Tiwanaku state: a view from the
heartland. Am. Antiq. 51, 748–762.

Kolata, A.L., 1991. The technology and organization of agricultural production in the
Tiwanaku state. Lat. Am. Antiq. 2, 99–125.

Krouse, H.R., Stewart, J.W.B., Grinenko, V.A., 1991. Pedosphere and biosphere. In: Krouse,
H.R., Grinenko, V.A. (Eds.), Stable Isotopes: Natural and Anthropogenic Sulphur in the
Environment. John Wiley and Sons, New York, pp. 267–306.

Krueger, H.W., Sullivan, C.H., 1984. Models for carbon isotope fractionation between diet
and bone. In: Turnlund, J., Johnson, P. (Eds.), Stable Isotopes in Nutrition. Am. Chem.
Soc., pp. 205–220 (Washington).

León Canales, E., 1999. Lithic technological analysis: the Pre-ceramic period in
Tablada de Lurín (c. 5,500 B.P.), Lima, Peru. In: Chevalier, A., Velarde, L.,
Chenal-Velarde, I. (Eds.), L'Amérique du Sud. Des chasseurs-cueilleurs à
l'Empire Inca. Actes des journées d'études d'archéologie precolombienne,
Génève, 20–11 Octobre 1997. BAR International Series 746, pp. 31–41
(Oxford).

Lockard, G., Vexler, D., 2010. From the Highlands to the Coast: Preliminary Results of the
PERU LNG Archaeological Project. Society of Petroleum Engineers. http://dx.doi.org/
10.2118/127209-MS.

Longin, R., 1971. New method of collagen extraction for radiocarbon dating. Nature 230,
241–242.

Longinelli, A., 1984. Oxygen isotopes in mammal bone phosphate: a new tool for
paleohydrological and paleoclimatological research? Geochim. Cosmochim. Acta 48,
385–390.

Maguiña, A., Paredes, P., 2009. El Panel: patrón de enterramiento, análisis del material
y su correlación estilística en la costa central del Perú. In: Burger, R., Makowski, K.
(Eds.), Arqueología del Periodo Formativo en la cuenca baja de Lurín, Valle de
Pachacámac vol. 1. Fondo Editorial Pontificia Universidad Católica del Perú,
Lima, pp. 331–376.

Makowski, K., 2002. Power and social ranking at the end of the Formative period. The
lower Lurín Valley cemeteries. In: Isbell, W.H., Silverman, H. (Eds.), Andean Ar-
chaeology I: Variations in Sociopolitical Organization. Kluwer Academic/Plenum
Publishers, New York, pp. 89–120.

http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0030
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0030
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0030
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0035
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0035
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0035
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0040
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0040
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0040
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0040
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0040
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0040
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0045
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0045
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0045
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1029/2003WR002086
http://dx.doi.org/10.1029/2003WR002086
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0055
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0055
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0055
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0055
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0060
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0060
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0065
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0065
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0065
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0070
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0070
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0075
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0075
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0080
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0080
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0080
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0085
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0085
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0085
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0085
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0085
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0085
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0090
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0090
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0090
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0090
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0095
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0095
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0095
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0100
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0100
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0105
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0105
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0105
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0110
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0110
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0115
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0115
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0115
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf9100
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf9100
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0120
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0120
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0125
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0125
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0130
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0130
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0135
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0135
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0135
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0140
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0140
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0140
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0140
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0145
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0145
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0145
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0145
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0145
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0150
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0150
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0150
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0150
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0150
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0155
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0155
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0155
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0155
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0160
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0160
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0165
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0165
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0170
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0170
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0170
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0175
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0175
https://escholarship.org/uc/item/971719tg
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0185
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0185
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0185
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0190
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0195
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0195
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0195
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0200
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0200
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0205
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0205
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0205
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0205
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0210
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0210
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0210
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0210
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0215
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0215
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0220
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0220
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0220
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0225
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0225
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0230
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0230
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0230
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0235
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0235
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0235
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0240
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0240
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0240
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0245
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0245
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0250
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0250
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0255
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0255
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0255
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0260
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0260
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0260
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0265
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0265
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0265
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0265
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0265
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0265
http://dx.doi.org/10.2118/127209-MS
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0275
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0275
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0280
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0280
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0280
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0285
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0285
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0285
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0285
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0285
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0290
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0290
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0290
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0290


385K. Gerdau-Radonić et al. / Journal of Archaeological Science: Reports 4 (2015) 371–386
Makowski, K., 2009a. Tablada de Lurín: aspectos cronológicos de la ocupación
de lomas costeras de Atocongo. In: Burger, R., Makowski, K. (Eds.),
Arqueología del Periodo Formativo en la cuenca baja de Lurín, Valle de
Pachacámac vol. 1. Fondo Editorial Pontificia Universidad Católica del Perú,
Lima, pp. 237–282.

Makowski, K., 2009b. Poder y estatus social a fines del Periodo Formativo:
los cementerios del valle bajo de Lurín. In: Burger, R., Makowski, K. (Eds.),
Arqueología del Periodo Formativo en la cuenca baja de Lurín, Valle de
Pachacámac vol. 1. Fondo Editorial Pontificia Universidad Católica del Perú,
Lima, pp. 209–236.

Makowski, K., Castro de la Mata, P., 2000. En búsqueda de los orígenes de la metalurgia
compleja en las Américas. Iconos 3, 3–48.

Makowski, K., Castro de la Mata, P., Escajadillo, G., Jiménez, M., Tomasto, E., 2012.
Ajuares funerarios de los cementerios prehispanicos de Tablada de Lurín (Periodo
Formativo Tardio, Lima, Peru). Corpus Antiquitatum Americanensium, Polonia-
Peru, Academia Polaca de Ciencias y Letras Kraków; Pontificia Universidad
Católica del Perú, Lima.

Marcone, G., 2010. What role did Wari play in Lima political economy. In: Jennings, J.
(Ed.), Beyond Wari Walls. Regional Perspectives on Middle Horizon Peru. University
of New Mexico Press, Albuquerque, pp. 136–154.

Marino, B.D., McElroy, M.B., 1991. Isotopic composition of atmospheric CO2 inferred from
carbon in C4 plant cellulose. Nature 349, 127–131.

Matthews, J.E., 1997. Population and agriculture in the emergence of complex society in
the Bolivian Altiplano. In: Manzanilla, L. (Ed.), Emergence and Change in Early
Urban Societies. Plenum, New York, pp. 245–271.

Meinl, A., Tangl, S., Pernicka, E., Fenes, C., Watzek, G., 2007. On the applicability of second-
ary dentin formation to radiological age estimation in young adults. J. Forensic Sci. 52,
438–441.

Minagawa, M., Wada, E., 1984. Stepwise enrichment of 15N along food chain: further ev-
idence and the relation between δ15N and animal age. Geochim. Cosmochim. Acta 48,
1135–1140.

Mjör, I.A., Smith,M.R., Ferrari, M., Mannocci, F., 2001. The structure of dentine in the apical
region of human teeth. Int. Endod. J. 34, 346–353.

Murra, J.V., 1975. Capítulo 3. El control vertical de un máximo de pisos ecológicos en la
economía de las sociedades Andinas (1972). In: Murra, J.V. (Ed.), Formaciones
Económicas y Políticas del Mundo Andino. Instituto de Estudios Peruanos, Lima,
pp. 59–116.

Narváez Luna, J., 2014. La secuencia alfarera de Thomas C. Patterson y los valles de
Rimac y Lurín. In: Patterson, T.C. (Ed.), Patrón y proceso en la cerámica del
Periodo Intermedio Temprano de la Costa Central del Perú. Auqui Ediciones,
Lima, pp. 33–49.

Nehlich, O., 2009. Sulphur Isotope Analysis of Archaeological Tissues: A new Method for
Reconstructing past Human and Animal Diet andMobility. University of Leipzig, Leip-
zig (PhD dissertation).

Nehlich, O., Richards, M.P., 2009. Establishing collagen quality criteria for sulphur
isotope analysis of archaeological bone collagen. Archaeol. Anthropol. Sci. 1,
59–75.

O'Connell, T.C., Kneale, C.J., Tasevska, N., Kuhnle, G.G.C., 2012. The diet-body offset in
human nitrogen isotopic values: a controlled dietary study. Am. J. Phys. Anthropol.
149, 426–434.

Oelze, V.M., Nehlich, O., Richards, M.P., 2012. ‘There's no place like home’—no isotopic evi-
dence formobility at the early bronze age cemetery of Singen, Germany. Archaeometry
54, 752–778.

Palacios, J., 1988. La secuencia de la cerámica temprana del valle de Lima en Huachipa.
Gac. Arqueol. Andin. 16, 13–24.

Passey, B.H., Robinson, T., Ayliffe, L., Cerling, T.E., Sponheimer, M., Dearing, M.D.,
Roeder, B.L., Ehleringer, J.R., 2005. Carbon fractionation between diet,
breath CO2, and bioapatite in different mammals. J. Archaeol. Sci. 32,
1459–1470.

Patterson, T.C., 1966. Pattern and Process in the Early Intermediate
Period Pottery of the Central Coast of Peru 3. University of California Press,
Berkeley.

Patterson, T.C., 2014. Patrón y proceso en la cerámica del Periodo Intermedio Temprano
de la Costa Central del Perú. Auqui Ediciones, Lima.

Patterson, T.C., McCarthy, J.P., Dunn, R.A., 1982. Polities in the Lurín Valley, Peru,
during the Early Intermediate Period. Ñawpa Pacha, J. Andean Archaeol. 20,
61–82.

Pearsall, D.M., 2008. Plant domestication and the shift to agriculture in the Andes. In:
Silverman, H., Isbell, W.H. (Eds.), Handbook of South American Archaeology. Spring-
er, New York, pp. 105–120.

Pechenkina, E.A., Delgado, M., 2006. Dimensions of health and social structure in the early
intermediate period cemetery at Villa El Salvador, Peru. Am. J. Phys. Anthropol. 131,
218–235.

Perry, L., Sandweiss, D.H., Piperno, D.R., Rademaker, K., Malpass, M.A., Umire, A., de la
Vera, P., 2006. Early maize agriculture and interzonal interaction in southern Peru.
Nature 440, 76–79.

Phillips, D.L., Gregg, J.W., 2003. Source partitioning using stable isotopes: coping with too
many sources. Oecologia 136, 261–269.

Phillips, D.L., Koch, P.L., 2002. Incorporating concentration dependence in stable isotope
mixing models. Oecologia 130, 114–125.

Rodríguez Kembel, S., Haas, H., 2015. Radiocarbon dates from the monumental architec-
ture at Chavín de Huántar, Perú. J. Archaeol. Method Theory 22, 1–83. http://dx.doi.
org/10.1007/s10816-013-9180-9.

Rostworowski de Diez Canseco, M., 1970. Mercaderes del valle de Chincha en la época
prehispánica: un documento y unos comentarios. Revista Esp. Antropol. Am. 5,
135–177.
Rostworowski de Diez Canseco, M., 1977a. The sea in the pre-Columbian world. In:
Benson, E.P. (Ed.), Coastal Fishermen Merchants and Artisans in Pre-Hispanic Peru.
Dumbarton Oaks, Washington, D.C., pp. 167–186.

Rostworowski de Diez Canseco, M., 1977b. Pescadores, Artesanos y Mercaderes Costeños
en el Perú Prehispánico. In: Rostowrowski de Diez Canseco, M. (Ed.), Etnia y Sociedad,
pp. 211–271.

Salcedo Camacho, L., 2012. Præhistoria Andina III. Excavaciones en el sitio arcaico
de Cerro Tres Marías, un campamento logístico del Complejo Lauricocha en las
Lomas de Atocongo. Servicios Gráficos Rodríguez Paredes, Lima (author's
edition).

Sandweiss, D.H., 2003. Terminal Pleistocene through Mid-Holocene archaeological sites
as paleoclimatic archives for the Peruvian coast. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 194, 23–40.

Sandweiss, D.H., Maasch, K.A., Andrus, C.F.T., Reitz, E.J., Richardson III, J.B., Riedinger-
Whitmore, M., Rollins, H.B., 2007. Mid-Holocene climate and culture change in coast-
al Peru. In: Anderson, D.G., Maasch, K.A., Sandweiss, D.H. (Eds.), Climate Change and
Cultural Dynamics: A Global Perspective on Mid-Holocene Transitions. Academic
Press, London, pp. 25–50.

Sandweiss, D.H., McInnis, H., Burger, R.L., Cano, A., Ojeda, B., Paredes, R., Sandweiss, M.C.,
Glascock, M.D., 1998. Quebrada Jaguay: early South American maritime adaptations.
Science 281, 1830–1832.

Schwarcz, H.P., 2002. Some biochemical aspects of carbon isotopic paleodiet studies. In:
Ambrose, S., Katzenberg, M.A. (Eds.), Biogeochemical Approaches to Paleodietary
Analysis. Kluwer Academic Publishers, New York, pp. 189–209.

Segura Llanos, R., 2001. Rito y economía en Cajamarquilla. Investigaciones arqueológicas
en el Conjunto arrquitectónico Julio C. Tello. Fondo Editorial Pontificia Universidad
Católica del Perú, Lima.

Segura, R., Shimada, I., 2010. The Wari footprint on the central coast. In: Jennings, J. (Ed.),
BeyondWariWalls. Regional Perspectives onMiddle Horizon Peru. University of New
Mexico Press, Albuquerque, pp. 113–135.

Shimada, I., 1994. Pampa Grande and the Mochica Culture. University of Texas Press,
Austin.

Silverman, H., 2009. Comparaciones y contrastes entre la costa sur y la costa cen-
tral del Perú durante el Periodo Formativo. In: Burger, R., Makowski, K. (Eds.),
Arqueología del Periodo Formativo en la cuenca baja de Lurín, Valle de
Pachacámac vol. 1. Fondo Editorial Pontificia Universidad Católica del Perú,
Lima, pp. 429–490.

Splitstoser, J., Wallace, D.D., Delgado, M., 2009. Nuevas evidencias de textiles y cerámica
de la época Paracas Temprano en Cerillos, valle de Ica, Perú. Bol. Arqueol. PUCP 13,
209–235.

Thompson, R.G., 2006. Documenting the presence of maize in Central and South America
through phytolith analysis of food residues. In: Zeder, M.A. (Ed.), Documenting Do-
mestication: New Genetic and Archaeological Paradigms. University of California
Press, Berkeley, pp. 82–95.

Tomasto, E., 2005. Tratamiento funerario de los niños en el cementerio prehispánico de
Tablada de Lurín (costa central-Perú). Arqueología, geografía e historia: aportes
peruanos en el 50o Congreso de Americanistas, Varsovia-Polonia, 2000. Fondo Edito-
rial Pontificia Universidad Católica del Perú, Lima, pp. 97–130.

Tomczak, P.D., 2003. Prehistoric diet and socioeconomic relationships within the Osmore
Valley of southern Peru. J. Anthropol. Archaeol. 22, 262–278.

Turner, B.L., Kamenov, G.D., Kingston, J.D., Armelagos, G.J., 2009. Insights into immigration
and social class at Machu Picchu, Peru based on oxygen, strontium and lead isotope
analysis. J. Archaeol. Sci. 36, 317–332.

Tykot, R.H., Metroka, A., Dietz, M., Bergfield, R.A., 2011. Chemical analysis of hair seg-
ments and short-term dietary variation: results for the ancient site of Chongos
(Peru). In: Turbanti-Memmi, I. (Ed.), Proceedings of the 37th International Sym-
posium on Archaeometry, 13th–16th May 2008, Siena, Italy. Springer, Berlin,
pp. 441–446.

Tykot, R.H., van der Merwe, N.J., Burger, R.L., 2006. The importance of maize in ini-
tial period and Early Horizon Peru. In: Staller, J.E., Tykot, R.H., Benz, B.F. (Eds.),
Histories of Maize: Multidisciplinary Approaches to the Prehistory, Linguis-
tics, Biogeography, Domestication, and Evolution of Maize. Academic Press,
Burlington, pp. 187–197.

Ugent, D., Pozorski, S., Pozorski, T., 1982. Archaeological potato tuber remains from the
Casma Valley of Peru. Econ. Bot. 36, 182–192.

Van Buren, M., 1996. Rethinking the vertical archipelago. Am. Anthropol. 98, 338–351.
Van Klinken, G.J., 1999. Bone collagen quality indicators for palaeodietary and radiocar-

bon measurements. J. Archaeol. Sci. 26, 687–695.
Vika, E., 2009. Strangers in the grave? Investigating local provenance in a Greek Bronze

Age mass burial using δ34S analysis. J. Archaeol. Sci. 36, 2024–2028.
Wang, Y., Cerling, T.E., 1994. A model of fossil tooth and bone diagenesis: implica-

tions for palaeodiet reconstruction from stable isotopes. Palaeogeogr.
Palaeocl. 107, 281–289.

Webb, E.C., White, C.D., Longstaffe, F.J., 2013a. Dietary shifting in the Nasca Region as in-
ferred from the carbon- and nitrogen-isotope compositions of archaeological hair and
bone. J. Archaeol. Sci. 40, 129–139.

Webb, E.C., White, C.D., Longstaffe, F.J., 2013b. Exploring geographic origins at
Cahuachi using stable isotopic analysis of archaeological human tissues and
modern environmental waters. Int. J. Osteoarchaeol. 23, 698–715. http://dx.
doi.org/10.1002/oa.1298.

White, C.D., Spence, M.W., Stuart-Williams, H.L.Q., Schwarcz, H.P., 1998. Oxygen isotopes
and the identification of geographical origins: the valley of Oaxaca versus the valley
of Mexico. J. Archaeol. Sci. 25, 643–655.

Williams, J.S., 2005. Investigating Diet and Dietary Change Using the Stable Isotopes of
Carbon and Nitrogen in Mummified Tissues from Puruchuco-Huaquerones, Peru.
University of Calgary, Calgary (PhD dissertation).

http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0295
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0295
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0295
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0295
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0295
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0300
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0300
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0300
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0300
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0300
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0305
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0305
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0305
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0310
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0310
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0310
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0310
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0315
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0315
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0315
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0320
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0320
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0320
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0325
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0325
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0325
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0325
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0325
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0330
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0330
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0335
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0335
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0335
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0335
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0340
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0340
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0340
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0340
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0345
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0345
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0345
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0350
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0350
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0350
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0355
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0355
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0355
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0360
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0360
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0360
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0365
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0365
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0370
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0370
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0370
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0370
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0375
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0375
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0375
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0380
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0380
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0385
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0385
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0385
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0390
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0390
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0390
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0395
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0395
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0395
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0400
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0400
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0405
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0405
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0410
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0410
http://dx.doi.org/10.1007/s10816-013-9180-9
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0420
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0420
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0420
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0425
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0425
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0425
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0430
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0430
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0430
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0435
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0435
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0435
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0435
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0440
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0440
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0440
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0445
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0445
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0445
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0445
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0450
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0450
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0455
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0455
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0455
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0460
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0460
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0460
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0465
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0465
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0465
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0470
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0470
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0475
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0475
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0475
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0475
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0475
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0480
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0480
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0480
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0485
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0485
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0485
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0485
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0490
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0490
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0490
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0490
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0490
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0495
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0495
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0500
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0500
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0500
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0510
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0510
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0510
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0510
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0510
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0505
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0505
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0505
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0505
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0505
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0515
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0515
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0520
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0525
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0525
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0530
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0530
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0530
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0535
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0535
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0535
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0540
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0540
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0540
http://dx.doi.org/10.1002/oa.1298
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0550
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0550
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0550
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0555
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0555
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0555


386 K. Gerdau-Radonić et al. / Journal of Archaeological Science: Reports 4 (2015) 371–386
Williams, J.S., Katzenberg, M.A., 2012. Seasonal fluctuations in diet and death during the
late horizon: a stable isotopic analysis of hair and nail from the central coast of
Peru. J. Archaeol. Sci. 39, 41–57.

Zazzo, A., 2001. Validation méthodologique de l'utilisation des compositions isotopiques
(13C, 18O) des bioapatites fossiles pour les reconstitutions des paléoenvironnements
continentaux. Université Paris VI, Paris (PhD dissertation).
Zazzo, A., Lécuyer, C., Sheppard, S.M.F., Grandjean, P., Mariotti, A., 2004. Diagenesis and
the reconstruction of paleoenvironments: a method to restore original environments.
Geochim. Cosmochim. Acta 68, 2245–2258.

Zazzo, A., Monahan, F.J., Moloney, A.P., Green, S., Schmidt, O., 2011. Sulphur isotopes in
animal hair track distance to sea. Rapid Commun. Mass Sp. 25, 2371–2378.

http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0560
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0560
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0560
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0565
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0565
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0565
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0565
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0565
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0570
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0570
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0570
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0575
http://refhub.elsevier.com/S2352-409X(15)30121-8/rf0575

	Diet in Peru's pre-�Hispanic central coast
	1. Introduction
	1.1. Economic organisation in the pre-Columbian Andes
	1.2. Tablada de Lurín
	1.2.1. The cemetery
	1.2.1.1. Phase 1
	1.2.1.2. Phase 2


	1.3. Aim and objectives
	1.4. Stable isotopes, diet and mobility

	2. Sampling strategy and analyses
	3. Results
	3.1. Collagen
	3.2. Apatite
	3.2.1. Oxygen stable isotope
	3.2.2. Carbon stable isotope


	4. Discussion
	4.1. Collagen
	4.2. Apatite
	4.2.1. Oxygen stable isotope
	4.2.2. Carbon and oxygen stable isotopes


	5. Conclusion
	Acknowledgements
	References


