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ABSTRACT

Oxygen Isotopes and Human Residential
Mobility in Central Western Argentina

ADOLFO F. GIL,>* GUSTAVO A. NEME,> ANDREW UGAN°® AND ROBERT H. TYKOT®

2 CONICET, Museo de Historia Natural de San Rafael, Parque Mariano Moreno, San Rafael, Mendoza,
Argentina

b CONICET, Museo de Historia Natural de San Rafael, Parque Mariano Moreno, San Rafael, Mendoza,
Argentina

¢ Smithsonian Tropical Research Institute, Balboa, Ancon, Panama

9 Department of Anthropology, University of South Florida, Tampa, FL 33620, USA

Stable oxygen isotopes (8'20) from human bone apatite from central western Argentina (30°-37°S latitude)
were analysed to understand changes in human residential mobility during the Late Holocene. This region
contains evidence for the use of domesticated plants over the last 2000years (Zea mays, Cucurbita sp.
and Phaseolus sp., among others), and previous models of prehistoric occupation have suggested a distinct
change in mobility and population movement associated with their incorporation. The importance of these
domesticates also seems to have varied geographically, being greater in the northern part of the region
and declining as one moves south toward the limit with Patagonia. Expectations about patterns of residential
mobility have varied accordingly.

To better evaluate these models, we analysed carbonate §'0 from the bone apatite of 71 individuals with
radiocarbon dates spanning the last 6000 years. Given the existing evidence, we expected to see temporal
and geographic differences in their oxygen isotope values associated with changes in residential mobility
and the incorporation of different sources of drinking water available within the region. These expectations
were not met. Significant variations were seen across all samples compared, both temporal and geographic,
with no discernible differences among them. The data suggest that populations throughout the area were all
highly mobile, and that this did not change with the incorporation of domesticates. Copyright © 2011 John
Wiley & Sons, Ltd.
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Introduction

Residential mobility has been of substantial interest in
archaeological studies of human adaptation (Bettinger,
1991; Kelly, 1995; Binford, 2001), particularly as it
relates to prehistoric economies and how ancient
people organised themselves relative to important
resources. These issues have become increasingly im-
portant in the study of the late Holocene prehistory
of western Argentina because of changing perspectives
on exactly how indigenous people there made a living
over the last 2000years (Durdn, 2000; Gil, 2006;
Neme, 2007; Johnson et al., 2009).

At the time of European contact, the degree of resi-
dential mobility exhibited by indigenous populations in
western Argentina varied with latitude and economy.
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Southern San Juan Province and Mendoza north of
the Rio Atuel (35°S) were occupied by the Huarpes
(Figure 1), a group of relatively sedentary maize
agriculturalists (for a discussion, see Lagiglia, 1977;
1978; Michieli, 1983; Prieto, 2002; but see Garcia,
1992; 1998; Parissi 1992, 1995). Everything south to
Neuquén Province (35—40°S) was occupied by mobile
hunters and gatherers such as the Puelches and
Pehuenches (Michieli, 1979; Lagiglia, 1978; Duran,
2000). Archaeologists working in the region originally
projected this dichotomous division back 2000 years,
associating its origin with the arrival of maize agricul-
ture in the region (Lagiglia, 1974, 1999).

Recent work has demonstrated that the picture is
not so simple (Johnson et al., 2009; Gil et al., 2010).
Although evidence of prehistoric domesticates is
more common in southern San Juan (Lagiglia, 1978;
Gambier, 2000; Johnson et al., 2009; Gil et al., 2010,
2011) and unknown from southernmost Mendoza and
Neuquén, the current emphasis has been on the degree
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Figure 1. Simple ethnographic distribution in historic human population ca. 15th century and archaeological site mentioned in the text. References:
1—Angualasto y Punta del Barro; 2—Cerro calvario; 3—Calingasta; 4—Gruta 1 Los Morrillos; 5—Barrancas Yacimientos 1y 2; 6—Potrero Las Colonias;
7—Uspallata; 8—Uspallata Tamulo I, I, [1I; 9—Alto Verde; 10—Capiz Alto; 11—Las Ramadas; 12—Rincén del Atuel; 13—La Olla; 14—Viluco;
15—San Carlos; 16—Cerro Negro and Gruta del Indio; 17—Cafada Seca; 18—Jaime Prats; 19—Médano Puesto Dfaz; 20—FEa. Las Chacras; 2 1—Buta
Mallin; 22—Tierras Blancas; 23— lancanelo, Pozos del Carapacho and Los Menucos; 24—Cafiada de Las Vizcachas and Arroyo Negro de Pincheira;
25—Cienaga de Borbaran; 26—RQ-1; 27—Cerro Trapal; 28—Norte de Llancanelo; 29—QOjo de Agua; 30—Cerro Mesa; 31—Fl Desecho and India
Embarazada; 32—Fl Payén; 33—FI Manzano; 34—Caverna de Las Brujas; 35—FIl Nihuil and Arbolito; 36—La Matancilla; 37—FEI Alambrado;

38—Mechenquil and Chenqueco; 39—FEl Chacay; 40—Agua del Toro.

of variability seen in prehistoric economies of northern
and especially central Mendoza. The late Holocene
archaeological record from northern Mendoza and
southern San Juan, for example, contains direct and
indirect evidence for maize-based agriculturalists
(Gambier, 2000). This includes not only maize macro-
fossils but also more substantial architecture such as pit
houses and burial mounds and larger quantities of deco-
rated and simple ceramics from a range of vessel forms
and sizes (Rusconi, 1962; Barcena, 2001; Cortegoso,
2006). Nonetheless, isotope data from human remains
in the north indicate that maize and other C, plants
played a small role in the diets of some and may have
actually declined in importance after 500 years BP (Gil
et al., 2009). Almost 20% of the individuals for which
we have data (N=27) have collagen 8'C values of
—17%o or lower, and more than half have values indica-
tive of mixed diets [approximately —17%o0 to —14%0
83 C; 8"*C values here and throughout the text are all
relative to PeeDee Belemnite (PDB)]). These data

Copyright © 2011 John Wiley & Sons, Ltd.

suggest that wild resources remained an important com-
ponent of prehistoric diets (Gil et al., 2006, 2009, 2010).

In central Mendoza, the archaeological record is
largely consistent with mobile hunters and gatherers,
exhibiting little or no evidence for long-term resi-
dences or substantial investment in residential struc-
tures, storage or ceramics. Yet there is also clear,
albeit limited, evidence of domesticated maize macro-
fossils (Gil, 1997-1998, 2003, 2006; Llano, 2011).
That image is again reinforced by the available isotopic
evidence for human diet; numerous collagen &' C
values indicative of mixed Cs—C, diets (8" C —18%o
to —14%o) occur over the same span of time and have
been interpreted to indicate a partial reliance on maize
agriculture (Gil, 2003). Variation in time, space and
among individuals was likely the norm and maize never
uniformly used as a staple in this region (Gil et al., 2009,
2010, 2011).

These observations, coupled with difficulty of dry
farming in much of the region and the recognition that
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domesticates such as maize are not the only possible
source of elevated §'° C signatures, have led to a great
deal of debate about the nature of prehistoric econ-
omies. This includes questions of whether maize farm-
ing was ever an important mode of subsistence
anywhere south of San Juan and, to the degree that it
was, what it may have been like and how it may have
been organised. Some, for example, have favoured the
presence of fully sedentary farming groups even in
the central area (Lagiglia, 1974, 1999), whereas others
have proposed that hunter-gatherer populations inter-
acted with more established farming groups both fur-
ther north and in Central Chile (Gil, 1997—-1998,
2000, 2003).

Associated with this changing view of intraregional
economics is a related expectation regarding the degree
of residential mobility seen in each area. If subsistence
was based predominately if not exclusively on maize
farming in the north, some mixture of agriculture and/
or hunting and gathering in the intermediate area and
solely hunting and gathering in the south, these differ-
ences should be reflected in the degree of residential
mobility—Ilow in the north, intermediate in the centre,
higher in the south and also higher before 2000 BP
than after 2000 BP. Furthermore, these differences
should be reflected in various aspects of the archaeo-
logical record.

Although some of these archaeological correlates
have already been mentioned (architecture, ceramics,
etc.), the size of the record, the number of sites on
which it is based and their representativeness in terms
of site type, location and excavation extent are all lim-
ited. To help address these shortcomings, we provide
an additional line of evidence by testing this propos-
ition using oxygen isotope data from the bone apatite
of 71 individuals from western Argentina. In the sec-
tions that follow, we discuss how oxygen isotopes
can be used to assess the geographic areas used by
prehistoric people and how these data vary by period
and subregion in western Argentina. We show that
individuals throughout western Argentina seem to be
relying on relatively '*O enriched water sources such
as rain, rain-recharged aquifers or reevaporated or
mixed meltwater, with no detectable difference be-
tween samples from different regions (north, central
and south) or elevations [highland piedmont (HP)
versus lowland (LL)]. Finally, §'®*O values from indivi-
duals dating before and after 2000 BP also seem simi-
lar, providing no evidence for substantial changes in
mobility despite the clear incorporation of domesti-
cates. We conclude by discussing the implications of
these findings for our understanding of late Holocene
prehistory of western Argentina.

Copyright © 2011 John Wiley & Sons, Ltd.
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Oxygen isotopes and mobility

Oxygen isotopes provide a useful tool for assessing
mobility in ancient populations (Sponheimer & Lee-
Thorp, 1999: Dupras & Schwarcz, 2001; Knudson,
2009; Turner ¢t al., 2009; Buzon et al., 2010; Sanhueza
& Falabella, 2010). Stable oxygen isotopes in the
carbonate portion of hydroxyapatite (Ca;o(CO3)s
(OH,)) of bone and tooth enamel reflect the isotopic
composition of body water (3'*0) at 37°C. Body
water 'O is influenced in turn by the oxygen isotopic
composition of imbibed water and, to a lesser extent,
oxygen in air and food sources, with predictable frac-
tionation (Longinelli & Nuti, 1973; Longinelli, 1984;
Luz et al., 1984; Sponheimer & Lee-Thorp, 1999,
White et al., 2004; Turner et al., 2009). The isotopic
composition of imbibed water is itself linked to lati-
tude, altitude, aridity, seasonal temperature change
and fluctuating rainfall in a given region through the
variable loss of '°O during evaporation and the pro-
gressive loss of "®O during precipitation as air masses
move inland and up in elevation (Dansgaard, 1964;
Gat, 1996 White et al., 1998, White et al., 2004).
These ecological processes make 8O a useful measure
of regional environmental variables, whereas the fact
that these measures vary geographically allows us to
assess an individual's movements (White et al., 2000,
2002; Dupras & Schwarcz, 2001; White et al., 2004,
Turner et al., 2009). Broadly speaking, human apatite
50 values should reflect their sources of drinking
water over the time period the apatite is laid down.
Where water sources vary geographically and human
mobility is limited, apatite 8'*O values should also
vary. Conversely, high mobility should lead to the
use of multiple water resources and produce a weighted
average of their §"*O signals.

Key to any argument about mobility is an assessment
of the geographic variation in 8'%O values of potential
water sources (Knudson, 2009). West-central Argentina
is a temperate region within the South American Arid
Diagonal located between 30° and 40°S. It can be subdi-
vided into three different environmental contexts: the
western mountains (Andean cordillera) and piedmont,
with winter precipitation between 300 and 1000 mm/
year; the dry oriental plains, with summer dominant pre-
cipitation less than 250 mm/year; and the southeastern
volcanic plateau or malpais of La Payunia, characterised
by winter-dominant annual precipitation ranging from
200 to 400 mm/year (Capitanelli, 1972; Abraham &
Rodriguez, 2000; Morales et al., 2009). Although HP
areas are common to the north, central and southern
areas, the oriental plains dominate the northern and
central LLs, and the volcanic regions of La Payunia
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occur almost exclusively in the south. These regions
differ sharply from one another because of their relief,
the dominant masses of maritime air that influence local
weather patterns and the season of the year in which
precipitations occurs (Bruniard, 1982; Morales ¢t al.,
2009). The piedmont and oriental plains are predomin-
ately influenced by the Atlantic anticyclone and the
western cordillera and La Payunia by the Pacific Ocean
anticyclone.

Although a limited amount of water isotope data
exists for the area (Vogel et al., 1975; Osterra & Dapefia,
2003; IAEA/WMO 2006, Hoke et al., 2009), some
trends are apparent. First, much of the surface water in
the highland (cordillera), piedmont and oriental plains
consist of snow and glacial ice-melt from higher alti-
tudes that flows down into the rivers (Figure 1). These
waters originate mostly from the Pacific anticyclone
(Norte, 2000), and river water in the highland has
very low 8'®O values typical of higher-altitude pre-
cipitation. These highland rivers also show some
enrichment as altitude declines. Surface water §'°O
values vary from —18%o (VSMOW) at 5500 m a.s.l.
to approximately —8%o0 (VSMOW) at approximately
1000 m a.s.l., or an enrichment of roughly 0.48%o/
100 m (Hoke et al., 2009).

The other major water sources are smaller wells or
springs located throughout the eastern plains and
malpais and badlands of La Payunia. Vogel et al.
(1975) showed that springs in the eastern plains (LLs)
are recharged by rivers. The §'®O values for such
springs, which are common in LL settings, should be
more like those of river waters from similar elevations
(approximately —8%0 VSMOW ). Finally, there are also
springs that are recharged by local rain rather than
rivers (Vogel ¢t al., 1975) and which have still higher
8'0O values. Here we use a 8'%0O value of —5.2%o
VSMOW (based on mean rainwater values reported
by the JAEA/WMO, 2006). These springs are particu-
larly common in La Payunia, where rivers are almost
nonexistent and rain-recharged springs the norm.

All regions (north, central and south) have all three
types of water sources (river, river-recharged spring
and probably some rain-recharged spring), although
the proportions vary. In general, 8'®O values for indivi-
duals drinking waters from the oriental plains and La
Payunia (hereafter LLs) should be higher than those
who source their water from the mountains and foot-
hills (HP), concordant with the few empiric studies
available (Vogel et al., 1975; Osterra & Dapefia, 2003;
Hoke et al., 2009) (Figure 1). Similarly, individuals from
the southern regions are likely to have more elevated
5'80 values to the greater prevalance of rain-recharged
springs in that area. Regardless of region, lower

Copyright © 2011 John Wiley & Sons, Ltd.
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residential mobility should generally be reflected by
increased variation in 8'®O across individuals as they
rely on a more restricted set of water sources.

Materials and methods

To test these propositions, 71 bone apatite samples,
mostly cortical bone, were analysed for carbonate
5'80. Bone apatite samples came mainly from long
bones clearly identified as belonging to separate indivi-
duals. The number of individual is a significant sample
of the human collections available in the region and
representative of different environments and time peri-
ods. Table 1 presents the 8'O values for each sample
as well as data on age, sex and chronology where avail-
able (mostly AMS,; see details in Gil ¢t al., 2010). Add-
itional details on the samples themselves can be found
in Gil et al. (2011).

The samples are grouped into six spatial units that
reflect the prehistoric use of various water sources
(Figure 1). From north to south, these units include
southern San Juan and Mendoza north of the Rio
Tunuyan (north, ~30°-33°S), central Mendoza between
Rio Tunuyén and Rio Atuel (center, ~34-35° S) and
southern Mendoza from the Rio Atuel south to the
Rio Colorado (south, ~36 +° S). Each of these regions
was further divided into HP and LLs depending on
elevation.

Well-established procedures for extracting bone
apatite were performed in the Laboratory for Archaeo-
logical Science at the University of South Florida
(Tykot, 2004; Gil et al., 2009). For the extraction of
carbonate from apatite, the sample was cleaned ultra-
sonically and crushed, sifted and sorted centrifugally.
The collagen was removed by repeatedly soaking the
bacterial and humic proteins with 2% sodium hypo-
chlorite (bleach) solution. Bone was treated with 1 mL
of 1M buffered acetic acid sodium acetate solution
for 24 h to remove nonbiogenic carbonates. Experi-
mental studies have shown this method to be successful
in removing diagenetic contaminants (Koch et al,,
1997; Tykot, unpublished data). The samples were
analysed using a Finnigan MAT mass spectrometer
coupled with a Kiel Il device. The §'%O results are
reported in relation to the Pee Dee Belemnite stand-
ard, using delta (8) notation: 8'*O (in %o or per mil) =
[{(sample "*O / '°O) / (standard '"*O / '°O)} — 1] x
1000. The stable isotope ratios produced have a pre-
cision better than +0.1 %o and have been calibrated
against international standards analysed along with
each set of samples. We did not attempt to assess
recrystalisation or other diagenetic changes that may

Int. J. Osteoarchacol. 24: 31—41 (2014)
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Table 1. Raw information of human bone apatite samples §'80 (%, VPDB)

35

Region 1 Region 2 Sample Archaeological site Sex  Age Code 4c Code  §'80sp
HP North SJ1-ENT 7 Morrillos Gruta 1 A - - 7104 5.7
HP North SJ7-ENT2 Morrillos Gruta 1 A GAK-4704 4070+ 105 7151 —-5.1
HP North SJ6-ENT8 Morrillos Gruta 1 F A GAK-4809 1280+90 7380 —6.6
LL North SJ10-ENT1  Angualasto F A - - 7159 37
LL North SJ4-ENT 2 Angualasto - A BETA-134392 650+40 7142 -33
LL North SJ2 Calingasta M A - - 7106 —4.8
LL North SJ3-ENT3 Punta del Barro - A BETA-161362 590+40 7110 —49
LL North MMy-1263 Barrancas yac. 2 M =45  AA-66560 2084+40 8302 99
LL North MMy-1241 Barrancas yac. 1 F 17-20 - - 8301 —6.6
HP North MMy-284 Potreros Las Colonias F 30-45 AA-66564 568+38 8309 7.6
HP North MMy-259 Uspallata F A AA-66558 1922+52 8303 7.9
HP North MMy-229 Uspallata Tumulo | =250 AA-66568 977+35 8307 6.3
HP North MMy-239 Uspallata Tumulo 11 F 250 AA-66561 1269+35 8304 -89
HP North MMy-243 Uspallata Tumulo Il F 38-53 AA-66565 1178+41 8306 8.2
HP North MMy-245 Uspallata Tumulo I M 35-45 - - 8305 -83
HP North MMy-1097 Uspallata Tumulo Il - - AA-66566 671+40 8310 -6.4
LL North MMy-1471 Alto Verde - - AA-66563 1736 +49 8308 7.3
LL Center ENT-2 Capiz Alto F 40-45 - - 6227 —6.9
LL Center MMy-1221 San Carlos F 40-49  AA-66567 1424+41 8311 -7.2
LL Center MMy-1223 San Carlos F 19-23  AA-66562 177+34 8300 —10.1
LL Center MMy-1197  Viluco F 40-45  AA-66559 208+38 8299 87
LL Center GIRA-27 Gruta del Indio - A - - 6225 71
LL Center Gira-70 Gruta del Indio A AA-54670 2879+37 6202 6.1
LL Center AF-830 Gruta del Indio - - AA-58280 3860+60 8193 —4.7
LL Center GIRA-831 Gruta del Indio - - AA-59588 3944+46 7364 23
LL Center AF-828 Gruta del Indio F 30-49  AA-58281 580+40 8195 -5.2
LL Center AF-500 Rincon del Atuel M > 50 - - 6223 -3.5
LL Center AF-503 Rincén del Atuel F 35-49 - - 6204 -3.7
LL Center AF-2000 Cerro Negro M 27-34  AA-58279 580+35 8191 —-4.8
LL Center AF-2019 Cafiada Seca M > 50 - - 7350 -3.7
LL Center AF-2018 Cafnada Seca M 30-35 - - 7355 238
LL Center AF-2020 Cafiada Seca M 50-56 LP-1184 1790+£50 7359 -2.5
LL Center CS-10001 Cafada Seca M 30-45 LP-1374 1420+£60 6200 5.4
LL Center JP-1155 Jaime Prats F 20-26 - - 6220 —-6.7
LL Center JP/J4 Jaime Prats - - AA-59590 1887 +42 7348 —8.6
LL Center JP-1352 Jaime Prats - A AA-59589 1880+49 7339 -5.8
LL Center AF-1083 Arbolito F 35-50 AA-58284 97+36 8199 7.7
LL Center MRM-21 El Nihuil - - AA-62938 274+45 8379 9.6
LL Center AF-681 Médano Puesto Diaz F 40-45  AA-59587 2865 +52 7361 —-4.3
HP Center AF-2072 Las Ramadas F 15-18 965+35 8197 —4.6
HP Center MRM-20 El Perdido - - AA-62937 2936+60 8378 29
LL South MRM-12 Cienaga de Borbaran M 45-50 AA-62921 274+48 8362 4.7
LL South MGA-1 RQ-1 - - - - 6215  -3.0
HP South AF-2038 El Desecho F 39-49  AA-54671 5502+60 6218 7.3
HP South AF-2036 India Embarazada F 16-20 AA-54672 2576 +£60 6207 —11.1
HP South AF-2025 Tierras Blancas F 30-48  LP-890 200 7334 7.7
LL South Ent 3 El Chacay - - AA-59591 2321+66 7343 47
HP South MRM-10 El Chacay-Pto. Adobe M 20-34  AA-62923 1472+34 8364 8.3
HP South MRM-4 Cafiada de las Vizcachas F 25-35 AA-62922 573+33 8363 —6.1
HP South AF-508 Cerro Mesa M 38-49 - - 6210 -8.0
HP South AF-510 Cerro Mesa M 250 - - 7330 -5.0
LL South AF-2077 Cerro Trapal M A - - 8383 3.1
LL South MRM-13 Las Chacras F 35-49  AA-62924 881+33 8365 6.7
LL South MRM-7 Llancanelo F 20-23  AA-62927 855+80 8368 -5.4
LL South MRM-5 Llancanelo F 20-25 AA-62919 850+33 8360 6.6
LL South MRM-25 Llancanelo - A AA-62926 900+36 8367 -5.5
LL South MRM-17 Llancanelo F 20-25 AA-62934 1008+47 8375 54
LL South MRM-1 Llancanelo Norte M 39-49  AA-62920 688+36 8361 —-4.9
LL South MRM-14 Pozos de Carapacho - A AA-62928 797+30 8369 88
LL South MRM-18 Los Menucos - A AA-62935 863+47 8376 —7.2
HP South MRM-16 Buta Mallin - - AA-62933 2530+36 8374 55
HP South 12 Caverna de las Brujas - A AA-58283 3847 +45 8198 -3.3
HP South AF-673 El Manzano M 35-43 - - 7336 -3.7
HP South MRM-24 A Negro de Pincheira - - AA-62941 358+45 8382 76
(Continues)

Copyright © 2011 John Wiley & Sons, Ltd.
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Table 1. (Continued)

A. F. Gil et al.

Region 1 Region 2 Sample Archaeological site Sex  Age Code c Code  §'%0pp
HP South MRM-22 El Chequenco - - AA-62939 174+48 8380 —-6.4
HP South MRM-8 A° Mechenquil - - AA-62931 148 +31 8372 -7.3
HP South MRM-15 El Alambrado - - AA-62932 1821+35 8373 —6.6
HP South MRM-19 El Alambrado - - AA-62936 282+45 8377 7.3
LL South AF-1082 Agua del Toro F 35-49  LP-1368 210+£60 6213 -39
LL South MRM-11 El Payén - A AA-62929 443+36 8370 2.5
LL South AF-505 La Matancilla M 45-50  LP-1379 470+£50 6198 -39

be (though are not necessarily) associated with the in-
corporation of exogenous oxygen sources (Lee-
Thorp, 2002; Zazzo et al., 2004; Pellegrini et al.,
2011). In addition to being young, the various
remains studied here all had good collagen preserva-
tion and occurred in dry to very dry contexts, condi-
tions that all reduce isotopic exchange. We are also
interested in differences in 8'®0 among groups in a
region where drinking water isotopes may vary by
as much as 15%o to 20%o rather than in paleothermo-
metry or other applications where precise measure-
ments of small-scale differences are critical.

Results

Bone apatite 8'®0 values average —5.7%o (PDB)
(n=71), with a standard deviation of 2.3 (maximum
0.8, minimum —11.1). The most basic expectation
was that variation in apatite 8'*O values would decline
from north to south as residential mobility climbed and
individuals increasingly averaged over a range of pos-
sible water sources. This expectation was not met.
Samples from each region exhibit similar trends in
§'0, with no distinguishable differences in sample
means or variances (Figure 2; one-way ANOVA,

5“0

T -

F=1.08, p=0.35;, Levene’s test for equality of var-
iances, p = 0.42).

Similarly, our initial hypothesis was that there would
be differences between HP and LL regions in the
northern and central samples, but not in the south.
This expectation also failed to hold. Here again, values
for all regions (N, C, S) and elevations (HP, LL) look
essentially the same (Figure 3; one-way ANOVA,
F=235 p=0.05; Levene's test for equality of var-
iances, p = 0.28). The only clear differences were for
HP samples from the central versus northern region
(p = 0.03, Tukey's honestly significant difference).

This same pattern also holds when looking at tem-
poral differences in 8O values (Figure 4; N and C be-
fore and after 2000 BP). The distribution of isotope
values for samples before and after 2000 BP remains
broadly similar across regions (one-way ANOVA,
F=153 p=0.22; Levene's test for equality of var-
iances, p = 0.85). This suggests that the consumption
of drinking water was similar in the two periods. It also
suggests that the lack of differences seen between
regions in Figure 1 was not simply the result of mixing
early and late samples.

Finally, we do not believe these patterns (or lack
thereof) can be attributed to variation in paleoclimate.
The currently available data provide little evidence

NORTH

Figure 2. Latitudinal trends in 8"%0 in human bone apatite.
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Figure 3. Latitudinal-longitudinal trends in 8'®O in human bone apatite.
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Figure 4. 8'80 temporal difference before and after 2000 years BP in North and Center human bone apatite samples.

for significant variation in precipitation and temperature
during the last 6000 years, and even less so for the last
3000 (when most of our samples occur; Zarate et al.,
2010). Differences in precipitation may have been sig-
nificant in terms of resource production and distribution
but insufficiently large to alter the marked geographic
differences in regional water 8'*O values.

Discussion

Samples from all regions exhibit relatively positive
580 values consistent with consuming waters from
lower elevation locations. This is true regardless of
whether the bodies sampled come from upper elevation
HP locations or lower elevation desert plains. More-
over, even where there are hints of a difference such
as highland and LL samples from the central region
(Figure 3), the highland sample is actually the more
positive. These data indicate that people obtained most
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of their water from lower elevation areas throughout
central western Argentina.

Such a pattern may in part be a consequence of lim-
ited access to higher elevation areas. Although sites in
the piedmont and highlands can be numerous, seasonal
occupations are the norm (Durdn, 2000; Duran et al.,
2006; Gil, 2006; Neme, 2007). Moreover, occupation
of the highlands can be particularly restricted, with
snow and a short growing season limiting the use of
the valleys and their highly depleted water sources to
only four or five months of the year.

Limited access to highly depleted waters would also
have the effect of narrowing the range of possible
apatite 8'%0 values, making contrasts associated with
differences in residential mobility harder to detect
where they occur. This would become exacerbated by
smaller sample sizes associated with subdividing
regions by elevation (HP/LL) and an admittedly gen-
eral picture of the distribution of actual water isotope
values. While acknowledging these shortcomings, the
data as they exist provide limited evidence for
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differences in residential mobility. As a consequence, we
must consider the possibility that prehistoric people from
southern San Juan south to the Rio Grande were both
substantially mobile and, in the northern areas, perhaps
more reliant on wild resources than often believed.

This would imply a change in our view of regional
prehistory, particularly in the northern periphery.
The observed pattern strikes a sharp discord with the
historic record, implying that the ethnohistoric context
was in many ways distinctive and not readily extended
to the last part of Late Holocene. This would not be
unique but rather extend similar observations concern-
ing a disconnect between the ethnohistoric and the
archaeological records in the central region (e.g. Gil
et al., 2009, 2011) further north. In this sense we need
to consider a flexible farming-hunter/gatherer pattern
with strong variation in time and space and where
greater mobility was the norm.

For example, even where we have clear evidence of
grinding equipment, ' C-enriched isotope signals and
clear presence of cultivars such as maize, these could
well be subsumed into a predominately mobile, subsist-
ence strategy, perhaps analogous to ethnographically
recorded patterns among Apache (Goodwin, 1935).
Their maize is planted in better watered upland areas
with little attention to either field preparation or tend-
ing. Moreover, some of the harvesting occurs while the
maize is still green (Bellwood, 2004: 36; Hester, 1962;
Snow, 1991), requiring regular replacement of seed
stock. Estimates put contributions to the diet at less
than 25% and highlight the substantial mobility of
these people throughout the rest of the year, during
which time they exploit numerous wild plant and
animal resources.

A similar economic pattern would agree with the sim-
pler nature of the Argentine archaeological record, espe-
cially in the central part of Mendoza, while still
accounting for the macrobotanical evidence and allow-
ing for some of the more positive 8'° C values seen in
the human remains (Gil et al., 2006, 2009, 2010, 2011).
This includes not only the physical presence of maize
and other cultivars but also their geographic distribution
in sites along the flanks of the Andes and the Cerro
Nevado upland (Gil, 1997—1998, 2006, Hernindez
et al., 2001; Llano, 2011) and the limited and equivocal
evidence for field investments or irrigation systems
(Mafferra, 2010: 2086). Finally, it would also allow for
and agree with evidence for wide-ranging contact with
groups both further north and particularly on the west-
ern side of the cordillera (Neme & Gil, 2005).

If this characterisation is correct, it begs the question
of how to account for the ethnohistoric record on
which many archaeological interpretations have been
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based. However, a closer look at that record suggests
room for interpretation. As mentioned earlier, the area
from southern San Juan to central Mendoza was occu-
pied by the Huarpes, who were characterised as seden-
tary farmers (Michieli, 1983: 23-24; Lagiglia, 1978;
Prieto, 1997-1998: 59-60, 1999, Gambier, 2000:
670). Looking more carefully, however, one finds a
continuum of behaviours ascribed to the inhabitants
of the region, ranging from fully sedentary farming
villages with irrigation, field crops and more complex
social arrangements to less permanent farmers with an
important wild resource component based on fishing,
hunting and plant gathering (Michieli, 1983: 23-24;
Prieto, 1998: 59—60; Gambier, 2000). Importantly, this
sedentary pattern was influenced by the arrival of the
Inca and later the Spanish (the former predating the
latter by only a few decades). These affected the east-
ern and southern Huarpe populations to a greater
degree, and they seem to have traded subsistence agri-
culture for a mixture of pastoralism, hunting and gath-
ering at this time (Prieto, 1997-1998; Prieto Olavarria,
2008-2009: 156). This view suggests more complex
spatial and temporal gradients in crop reliance even
late, always with a strong hunting and gathering com-
ponent in their diet, and this in turn must have had a
measurable consequence on mobility. At some point,
these patterns would be difficult to differentiate from
the equally mobile, yet dedicated hunter-gatherers
located further in southern Mendoza.

Conclusions

The province of Mendoza in western Argentina has
long been viewed as a zone of agricultural transition.
Domesticates first make an appearance in the area ap-
proximately 2000 years ago and have been considered
to be an important component of prehistoric econ-
omies in the northern part of the region since that time.
That importance has been thought to decline as one
moves toward the frontier with Patagonia in the south-
ern part of the province, where hunter-gatherers were
always the norm. Accompanying this view has been a
related expectation regarding general levels of residen-
tial mobility, with more stable residential patterns asso-
ciated with a greater reliance on domesticates.

Given that this part of Argentina also exhibits fairly
strong gradation in the isotopic values of drinking
water sources, oxygen isotope values taken from
human bone phosphate samples were expected to
reflect differences in mobility across this same zone.
They did not. Instead the data showed a very similar
distribution of isotope values in individuals from the
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northern, central and southern part of the province,
with few or no differences associated with being found
in upland or LL locations. This lack of differentiation
was seen as much in the variance as in mean oxygen
isotope values.

This lack of a difference is surprising, giving the con-
trasting lifeways described for ethnohistoric populations
from the northern (more sedentary, agriculturally fo-
cussed Huarpes) and central/southern part of the region
(Pehuenches and Puelches hunter-gatherers). However,
substantial archaeological work in central Mendoza over
the last decade has pointed to a variable economic base,
with a heavy reliance on wild resources and a more
ephemeral use of domesticates, especially maize. The
current work suggests that this same sort of circum-
stance may have also characterised much of northern
Mendoza as well, leading us to rethink our image of pre-
historic life in that area before the arrival of the Spanish
in the 1500s.
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