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ABSTRACT. From material culture evidence dating as early as 7500 cal BC, it has been established that populations from 
the interfluvic coast in northern Chile adapted to a maritime economic livelihood. During the 2nd millennium BC, local pop-
ulations began to experience major social changes arising mainly from an increase in contacts with agropastoral populations 
from the highlands of the Andes. New radiocarbon data and stable isotope (δ15Ncol, δ

13Ccol, and δ13Cap) analyses of human 
bone remains from interfluvic coastal individuals were obtained. The data showed that these individuals, at the time of con-
tact with highland populations, maintained a mode of subsistence relying principally on marine protein. This suggests that, 
although instances of social change may have arisen, the livelihoods linked to the consumption of marine resources would 
have remained constant, demonstrating a high degree of resistance in changing local lifestyles.

INTRODUCTION

The interfluvic coast of Chile is located in the northern area of the country (19°35′S, 70°13′W; 
29°01′S, 71°25′W). This area is characterized by a lack of waterways, the only exception being 
the Loa River (Llagostera 2005) and occasional water springs. Despite these harsh environmental 
conditions, the presence of human settlements has a long-standing record linked to a continuous ex-
ploitation of available marine resources by groups adopting a subsistence strategy based on hunting 
and gathering (Salazar et al. 2015). Furthermore, mining exploitation in the area has been practiced 
in continuity from prehistoric to contemporary times (Salazar et al. 2011).

Recent studies (Nuñez et al. 2006; Gallardo 2009; Nuñez and Santoro 2011) suggest that during the 
2nd millennium BC, populations from the interfluvic coast experienced significant social changes. 
Indicative of these are the adoption of innovative fishing techniques, development of metallurgy, 
introduction of foreign pottery, production and processing of surplus marine resources such as dry 
fish and bird guano, and changes in forms of settlement pattern (Nuñez and Santoro 2011). It has 
been hypothesized that modifications in social structure correspond to an increased contact with 
agropastoral populations from the highlands of the Andes.

Under this hypothesis, it becomes relevant to investigate if changes to the social structure and possi-
ble contacts between coastal and highland populations resulted also in modifications of subsistence 
strategies adopted by interfluvic coast populations. This research question can be addressed through 
stable isotope analysis of human remains (DeNiro and Epstein 1976; Van der Merwe and Vogel 
1978, 1983; Tauber 1981; Schoeninger et al. 1983; Richards et al. 2003; Lee-Thorp 2008). Unfor-
tunately, the presence of human remains in the region is scarce and many burial contexts have been 
looted (Andrade et al. 2014). Nonetheless, it was possible to recover six relatively well-preserved 
human skeletons for radiocarbon and stable isotope analysis from the Taltal area located in Antofa-
gasta Province. These provide the first human isotope results obtained for this study area.
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ARCHAIC AND FORMATIVE PERIODS OF THE COAST OF TALTAL

The earliest human occupation in the Taltal area occurred during the Archaic period, dating as early 
as 12,000 cal BP (Salazar et al. 2011). From previous research at Taltal, an occupational sequence 
has been proposed for this period (Salazar et al. 2015), defining a total of six distinct occupational 
phases, which extend from 12,000 to 3500 cal BP. In general, the first of the six occupation phases, 
dating between 12,000 and 10,000 cal BP, is characterized by an economy based on coastal hunt-
ing and gathering, and the exploitation of iron oxide (Salazar et al. 2011). The end of this period is 
marked by an abandonment of the area that lasted 1500 yr. 

Between 8500 and 3500 cal BP, the interfluvic coast was permanently occupied (Salazar et al. 
2015). However, during this period there were some modifications in settlement patterns, burial 
techniques, and technology. Nonetheless, predominance in the exploitation of marine resources was 
maintained. The zooarchaeological evidence supports this chronology, showing a large presence 
in the archaeological record of fish, shellfish, and marine mammals (Olguín et al. 2014). However, 
fish remains are the most abundant, and in particular fish bones of Trachurus murphyi (jack mack-
erel/jurel). This species is frequently present in different Archaic sites and along the chronological 
sequence (Olguín 2011; Rebolledo 2014). Other well-represented fish species are Thyrsites atun 
(snoek/sierra), Genypterus sp. (cuks-eel/congrio), and Cilus gilbert (corvine/corvina).

The archaeological period traditionally known as the Formative period dates from 3500 to 1500 cal BP, 
and has been characterized in the Andean region by three fundamental aspects: the emergence of ar-
chitecture, change in subsistence strategies and the emergence of small-scale agriculture, and pottery 
production (Aldunate et al. 1986; Santoro 2000; Sinclair 2004; Nuñez and Santoro 2011).

Despite these findings, no archaeological materials related to architecture or agriculture have been 
found in the Taltal study area in Formative archaeological contexts. Pottery was present, although 
most of it was imported (Varela 2009). The presence of foreign items, both in coastal and inland ar-
eas, in addition to the presence of transit sites in intermediate areas, supports the existence of foreign 
contacts (Pimentel et al. 2006, 2011). However, bioarchaeological studies carried out in recent years 
show no differentiation in terms of subsistence strategies followed by populations from Archaic and 
Formative periods (Andrade et al. 2014), reaffirming the idea proposed by Salazar et al. (2015) that 
in Taltal the Formative period was not represented in its classical definition.

MATERIAL AND METHODS

Femur and tibia bone samples were taken from the remains of six adult individuals from Taltal sites 
dating to the Later Archaic and Formative periods (Table 1). Bone samples were analyzed at the 
Center for Applied Isotopes Studies (University of Georgia, USA). 14C and stable isotopes (δ15Ncol 
and δ13Ccol) were measured in bone collagen and bone bioapatite (δ13Cap), following the methodology 
proposed by Cherkinsky (2009). 

Bayesian Diet Reconstruction Using FRUITS

The Bayesian mixing model FRUITS (beta 2.0) was used to provide quantitative dietary estimates 
(Fernandes et al. 2014). The approach adopted here is very similar to that described in two previous 
cases studies (Fernandes 2015; Fernandes et al. 2015). These case studies provided highly accurate 
dietary estimates, established from the comparison of observed and measured dietary contributions. 
Briefly, the FRUITS model compares human isotope values (δ15Ncol, δ

13Ccol, and δ13Cap) with refer-
ence animal and plant food isotope values for the region (Pestle et al. 2015). Four food groups were 
defined (C3 plants, C4 plants, terrestrial animals, and marine animals) and isotopic offsets between 
reference (e.g. collagen) and edible fractions (protein, lipids, carbohydrates), plus macronutrient 
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compositions were established following Fernandes (2015) and Fernandes et al. (2015). The previ-
ous references also describe employed diet-to-tissue isotopic offsets. In the case of collagen carbon, 
a routed model was employed that accounts for the dietary contributions from lipids and carbohy-
drates towards bone collagen (Fernandes et al. 2012). For the different model parameters, including 
for isotopic values in individual consumers, conservative uncertainties were taken as the reference. 
Finally, to constrain model estimates a purely physiological prior was introduced limiting protein 
intake to acceptable levels between 10 and 35% of total calories (Otten et al. 2006). The default 
FRUITS model is given as online supplementary material (Supplementary file 1) and the robustness 
of generated estimates was tested by varying default parameter values (Supplementary file 2). 

The estimates generated by FRUITS for marine carbon contributions to bone collagen were used to 
correct human bone collagen 14C dates for marine dietary 14C reservoir effects. These estimates dif-
fer from protein contribution estimates given the use of routed model for bone collagen (Fernandes 
et al. 2012). The correction was based on a local marine 14C reservoir effect of 626 ± 98 yr (Ortlieb 
et al. 2011). Corrected human 14C dates were calibrated using the SHCal13 calibration curve (Hogg 
et al. 2013) and the OxCal v 4.2 calibration software (Bronk Ramsey 2009). 

Sample Pretreatment and Radiocarbon and Stable Isotope Measurements

Bone samples were mechanically cleaned using a wire brush and washed in an ultrasonic bath. After 
cleaning, the dried bone was gently crushed to small fragments. The crushed bone was treated with 
diluted 1N acetic acid to remove surface absorbed and secondary carbonates. Periodic evacuation 
insured that evolved carbon dioxide was removed from the interior of the sample fragments, and 
that fresh acid was allowed to reach even the interior microsurfaces. The chemically cleaned sample 
was then reacted under vacuum with 1N HCI to dissolve the bone mineral and release CO2 from 
bioapatite. Organic bone residues were filtered, rinsed with deionized water, and heated at 80°C for 
6 hr under slightly acidic conditions (pH = 3) to dissolve collagen and leave humic substances in the 
precipitate. The collagen solution was filtered to isolate pure collagen and dried out. Isotopic mea-
surements were carried out using a dual-inlet Finnigan MAT252 mass spectrometer and a Delta V 
elemental analyzer mass spectrometer. Isotope measurements are expressed in δ notation relative to 
standards Vienna Pee Dee Belemnite (V-PDB) and AIR (Cherkinsky 2009). Bone bioapatite carbon 
isotope values (δ13Cap) and bone collagen isotope values (δ15Ncol and δ13Ccol) were measured with a 
precision better than 0.1‰ and 0.2‰, respectively. 14C measurements of human bone collagen were 
done using a 0.5MeV Pelletron accelerator mass spectrometer and followed previously described 
combustion, graphitization, and measurement steps (Cherkinsky 2009).

Literature Data

Previously published bone isotope data from different populations, chronologies, and geographical 
areas of northern Chile (see Figure 1) were taken for comparison with the results presented here. 
Detailed information on retrieved literature data is given in Table 2. 

RESULTS AND DISCUSSION

Results from stable isotope analyses are given in Table 3. Bone collagen atomic C/N ratios ranged 
between 3.2 and 3.4, indicating a good preservation status of the collagen (DeNiro 1985; Ambrose 
1990). 14C measurements corrected for human dietary 14C reservoir effects and calibrated (cal BP, 
2σ) are shown in Table 1. These results assign the San Lorenzo 1 sample to the Archaic period, 
whereas three other bone samples (Punta Cañas Norte, San Lorenzo 3, and Quebrada Rincon) are 
clearly assigned within the Formative period. The calibrated 14C result for Caleta Buena assigns this 
sample to the later stage of the Formative period. Finally, the 14C result for Zapatero indicates that 
the sample likely dates to a post-Formative period. 

https://journals.uair.arizona.edu/index.php/radiocarbon/rt/suppFiles/18448/0
https://journals.uair.arizona.edu/index.php/radiocarbon/rt/suppFiles/18448/0
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Table 3  Isotopic data for individuals from the Taltal study area.
Individual δ13Cap (‰) δ13Ccol (‰) δ15Ncol (‰) C/N
San Lorenzo 1 –8.4 –11.4 21.8 3.3
Punta Cañas Norte –7.6 –10.5 19.6 3.3
San Lorenzo 3 –8.1 –11.4 22.4 3.2
Quebrada Rincon –8.8 –12.1 18.3 3.4
Caleta Buena –8.4 –11.4 23.8 3.2
Zapatero –9.1 –12.0 23.1 3.2
Average –8.4 ± 0.5 –11.4 ± 0.6 21.7 ± 2.1 3.2 ± 0.1

Figure 1  Locations of sites compared in this research: (1) Chinchorro; (2) Alto Ramírez; (3) Playa Miller 7; 
(4) Quiani 7; (5) Caleta Vitor 3; (6) Camarones 9; (7) AZ-75; (8) AZ-71; (9) Punta Blanca; (10) Copaca 1; (11) San 
Salvador; (12) Michilla  2; (13) Gualaguala 1; (14) Gualaguala 4; (15) TGN1; (16) ENAEX; (17) RanL273; 
(18) Chorrillos; (19) Topater; (20) Calar; (21) Punta Cañas Norte; (22) Zapatero; (23) Quebrada Rincón; (24) San 
Lorenzo 1; (25) San Lorenzo 3; (26) Caleta Buena; (27) Punta Totoralillo.



684 P Andrade et al.

In general terms, isotopic values for the Taltal individuals define a well-constrained group, with 
relatively small isotopic differences among individuals. Human bone collagen isotope averages 
(δ15N = 21.7 ± 2.1‰; δ13C = –11.4 ± 0.6‰) suggest a diet relying heavily on marine protein (Kat-
zenberg 2008; Pestle et al. 2015). This is illustrated in Figure 2, where isotopic values for the Taltal 
humans are plotted together with average isotopic values for archaeological and modern food re-
sources from the Antofagasta region (Pestle et al. 2015). 

The FRUITS Bayesian mixing model was used to provide quantitative dietary estimates (Table 4). 
To check the robustness of generated estimates, a sensitivity test was performed by varying model 
parameters values towards the default model (Supplementary file 2). These results demonstrated 
that generated estimates were always within a 1σ range of those generated by the default model and 
thus highly robust. Default model estimates showed for all individuals, with the exception of Que-
brada Rincon, that the contribution from marine protein was predominant and typically represented 
~60 to 70% of protein calorie contributions (Table 4). The levels of protein intake, for all individ-
uals, represented ~25 to 30% of total macronutrient intake. This corresponds to a level of protein 
intake typical of a hunter-gatherer lifestyle based on aquatic food resources (Cordain et al. 2000). 
However, model estimates also showed that plant foods represented ~50% of total dietary calories. 
Thus, C3 (e.g. Chenopodium quinoa) and C4 plants were major carbohydrate sources, while proteins 
were chiefly obtained from a marine source.

To further validate the dietary estimates generated by FRUITS, the multivariate model proposed by 
Froehle et al. (2012) was also employed. This model uses cluster analysis and discriminant function 
analysis of human isotope data (δ13Ccol, δ

15Ncol, and δ13Cap) to define reference cluster values associ-
ated with known dietary preferences (Figure 3). The calculated discriminant function value, for the 
human Taltal isotopic average, is located in the vicinity of Cluster 3 (Figure 3), as defined by Froehle 
et al. (2012), which indicates equal dietary contributions from non-protein C3 and C4 plant foods and 
a predominance of marine protein. This is in excellent agreement with the dietary estimates generated 
by FRUITS (Table 4).

Figure 2  Taltal human isotope data plotted together with floral and faunal isotope data from Pestle et al. (2015)

https://journals.uair.arizona.edu/index.php/radiocarbon/rt/suppFiles/18448/0
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Table 4  Dietary estimates generated by FRUITS for Taltal individuals.a

Total calorie contributions (cal %) Protein contributions (cal %)

Individual
C3 
plants

C4 
plants

T. 
animals

Marine 
foods

C3 
plants

C4 
plants

T. 
animals

Marine 
foods

Protein 
(cal %)

San Lorenzo 1 27 ± 9 24 ± 9 20 ± 13 28 ± 6   9 ± 5   9 ± 5 20 ± 11 62 ± 7 30 ± 4
Punta Cañas Norte 20 ± 10 30 ± 11 31 ± 17 20 ± 5   8 ± 6 13 ± 7 32 ± 14 47 ± 7 26 ± 6
San Lorenzo 3 27 ± 8 26 ± 8 17 ± 11 30 ± 6   9 ± 4   9 ± 4 16 ± 10 65 ± 6 30 ± 4
Quebrada Rincon 28 ± 12 17 ± 11 40 ± 20 15 ± 4 12 ± 8   8 ± 7 43 ± 17 37 ± 7 26 ± 6
Caleta Buena 28 ± 7 26 ± 7 11 ± 8 35 ± 5   9 ± 3   8 ± 3 10 ± 7 73 ± 6 30 ± 4
Zapatero 34 ± 8 20 ± 8 14 ± 10 33 ± 6 11 ± 4   7 ± 4 13 ± 9 69 ± 6 30 ± 4
a. T. animals = Terrestrial animals.

COMPARISON WITH LITERATURE DATA

The novel isotopic results presented here were compared with human isotopic data from archaeo-
logical sites in northern Chile dating to the Archaic and Formative periods (Table 2 and Figure 4). 
Collected isotope data show similar collagen values for populations from the Archaic and Formative 
periods in coastal areas, all of them with collagen δ15N values of ~20‰ (Figure 4). These values 
are considerably higher than those observed in valley and highlands areas of Antofagasta during 
the Formative period. Thus, the collected isotope data suggest a degree of continuity in the dietary 
habits of coastal populations. This is in agreement with the hypothesis of a continuum in the ex-
ploitation and consumption of marine resources from the Archaic to the Formative periods. This 
occurred despite contacts with highland populations and the potential introduction of domesticated 
plants into the coastal desert of Taltal. 

Figure 3  Taltal sample’s data plotted against the multivariate carbon and nitrogen stable isotopes model from 
Froehle et al. (2012).
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CONCLUDING REMARKS AND FUTURE PERSPECTIVES

Newly collected human isotopic data combined with previously published results clearly suggest that 
there was a continuity in subsistence strategies followed at Taltal, and that there were no major modi-
fications during the so-called Formative period. This is inferred from an estimated large protein intake 
originating principally from marine foods. However, estimated dietary contributions from C3 and C4 
plants allow for possible contacts with inland populations. In this regard, new tooth isotopic analyses 
(87Sr/86Sr and δ18O) could aid in assessing mobility patterns linking the highlands and Taltal. It is also 
possible that there were population movements along coastal areas, as proposed by Gallardo et al. 
(2012).

This small study demonstrated the potential that stable isotope analysis has in the interpretation of the 
dietary habits and lifestyles of past Taltal inhabitants. Future research will aim at expanding the data 
presented here, through the use of other isotopic proxies to assess mobility, a characterization of the 
local food isotopic baseline, and, when available, the inclusion of new skeletal material.
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