
Article

Extended Data Fig. 1 | Geographical origin of previously-published 
individuals included in co-analysis. Each dot indicates the geographical 
origin, within North, Central and South America, of a previously-published 

ancient grouping. Dot colours indicate the original publication, and dot sizes 
indicate the sample size of the grouping.



Extended Data Fig. 2 | Affinities of Anzick to Early/Middle Holocene South 
Americans quantified by f4 statistics. Bars denote 95% confidence intervals 
(1.96 × SE) around the mean across genomic-block jackknife pseudoreplicates 

(point estimate). The number of SNPs used for each test is shown above each 
point estimate in the figure.
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Extended Data Fig. 3 | Fst tree for selected groupings. Complete hierarchical-clustering tree from Fst distances, restricted to populations for which at least 5000 
SNPs were used for all pairwise computations. Colours represent automatically-inferred clusters.



Extended Data Fig. 4 | Affinities of a representative 4200BP Central 
Argentina population to Early/Middle Holocene South American samples 
quantified by f4 statistics. Bars are 95% confidence intervals (1.96 × SE) around 

the mean across genomic-block jackknife pseudoreplicates. (point estimate). 
The number of SNPs used for each test is shown above each point estimate in 
the figure.
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Extended Data Fig. 5 | Affinities of a representative 400BP Central Argentina 
population to Early/Middle Holocene South Americans quantified by f4 
statistics. Bars are 95% confidence intervals (1.96 × SE) around the mean across 

genomic-block jackknife pseudoreplicates (point estimate). The number of 
SNPs used for each test is shown above each point estimate in the figure.



Extended Data Fig. 6 | Affinities of a representative 150BP Central Argentina 
population to Early/Middle Holocene South Americans quantified by f4 
statistics. Bars are 95% confidence intervals (1.96 × SE) around the mean across 

genomic-block jackknife pseudoreplicates (point estimate). The number of 
SNPs used for each test is shown above each point estimate in the figure.
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Extended Data Fig. 7 | Affinities of a modern Central Argentina admixed 
population4 to Late Holocene South Americans quantified by f4 statistics. 
Bars are 95% confidence intervals (1.96 × SE) around the mean across 

genomic-block jackknife pseudoreplicates (point estimate). The number of 
SNPs used for each test is shown above each point estimate in the figure.



Extended Data Fig. 8 | Affinities of Northwest_NorthernPuna_Cochinoca_ 
700BP to Late Holocene Bolivians quantified by f4 statistics. Bars are 95% 
confidence intervals (1.96 × SE) around the mean across genomic-block 

jackknife pseudoreplicates (point estimate). The number of SNPs used for each 
test is shown above each point estimate in the figure.
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Extended Data Fig. 9 | Differences in the distribution of cumulative length 
of ROH segments greater than 20 cM for Southern Cone groupings up to 
3000BP. Horizontal red lines denote median values (log scale), with boxes 
showing the interquartile range (IQR) and bars showing 1.5 x IQR Pairwise 
group comparisons were performed using a Conover’s test (two-sided), with 
correction for multiple comparisons (Benjamini–Hochberg) at FDR = 0.05. 
Corrected p-values for a difference between Northwest Argentina and Central 
Argentina (p = 0.00739), and between Northwest Argentina and Argentina 
Pampas (p = 0.0274), were significant at α = 0.05 (see Supplementary Fig. 76 for 
details). The number of individuals within each grouping is shown below each  
X axis label in the figure.



Extended Data Fig. 10 | No evidence of population size growth or decline  
in Central Argentina in the last two and a half millennia. Linear regression  
of cumulative length of ROH between 4 and 12 cM on date (mean bp), for 
individuals from Argentina Central at high enough coverage to call ROH  
(mean bp below 2500). Error bands show 95% confidence intervals around the 
mean linear regression fit. There is no evidence of a significant association 
(p = 0.238 from a two-sided t-test on the slope coefficient being zero).
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Extended Data Table 1 | Selected f4-statistics revealing three instances of gene flow between Central Argentina and 
neighbouring regions

Plains_MiddleSaladoRiver_SantiagodelEstero_400B is a late Central Argentina population that is a clade with Central_JesusMaria_8500BP and contains tens of well-covered individuals,  
increasing power for f4-statistic computations. Toba and Wichí are modern populations from the Gran Chaco. Karitiana and Piapoco are modern populations from the Northwest Brazilian Amazon 
and Eastern Colombia, whose ancestry is characteristic of Tropical and Subtropical Forests Native American peoples2,4. Blue statistics show that Late Holocene Pampas populations cannot be 
related with Central Argentina and Middle Holocene Pampas via a simple tree, indicating gene flow between these two lineages. Red statistics show similar patterns for Northwest Argentina 
context labels in the case of the Central Argentina and Central Andes lineages. Green statistics show similar patterns for modern Gran Chaco populations for Central Argentina and the Forest 
and Subtropical Forests ancestry components.



Extended Data Table 2 | hapROH estimates of effective population size (Ne) by region, rounded to the nearest integer

Estimates are obtained by fitting the distribution of runs of homozygosity of individuals from each region with a mean date not older than 3000BP. The estimates indicate that the communities 
in the Central region of Argentina likely had similar sizes as in the Central Andes, and likely higher than those in the Argentinian Northwest or the Paraná River region. The individuals from the 
Pampas had the largest effective population size, likely reflecting admixture.
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection OxCal v4.4, https://github.com/DReichLab/ADNA-Tools, BWA v0.7.15, Picard v2.17.10, contamMix v1.0-10, hapConX v1, ANGSD v0.940

Data analysis ADMIXTOOLS v7.0.2, ape v5.8, stats v3.6.2, ADMIXTOOLS2 v2.0.0, smartpca v18711, SciPy v1.16.0, DATES v210, ADMIXTURE v1.23, PLINK 
v1.9, hapROH v0.64, SciPy v1.13.1, scikit-posthocs v0.9.0, R v4.3.2, dplyr v1.1.4, ggforce v0.4.2, ggnewscale v0.4.10, ggplot2 v3.4.4, ggspatial 
v1.1.9, ggstar v1.0.4, ggrepel v0.9.5, paletteer v1.3, raster v3.6-26, rnaturalearth v1.0.1, sf v1.0-15, tidyterra v0.5.2, terra v1.7-71, https://
github.com/javiermaravall/aDNA_CSC

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

Genotype data for newly-reported individuals included in main analyses from this study can be obtained from the Harvard Dataverse repository at doi.org/10.7910/
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DVN/UQVPJQ. The aligned sequences for all individuals are available through the European Nucleotide Archive, accession PRJEB97713. Previously published data 
used in our analyses are available as follows: genetic data for modern individuals from Native American groups2 are available for non-profit research on population 
history under an inter-institutional data access agreement with the Universidad de Antioquia, Colombia (queries regarding data access should be sent to 
a.ruizlin@ucl.ac.uk); genetic data for previously-published ancient individuals is available at the Allen Ancient DNA Resource (doi: 10.7910/DVN/FFIDCW); 1000 
Genomes haplotype reference panel (http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/release/20130502/), human reference genome hg19 (https://
www.ncbi.nlm.nih.gov/datasets/genome/GCF_000001405.13/); data used for map plotting  is available at Natural Earth (https://www.naturalearthdata.com), 
GADM (https://gadm.org) and Portal de Información Hídrica de Córdoba-APRHI (https://portal-aprhi.opendata.arcgis.com/). Other newly reported data, such as 
radiocarbon dates and archaeological context information, are included in this manuscript, the Supplementary Information, and Supplementary Data files.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender n/a

Reporting on race, ethnicity, or 
other socially relevant 
groupings

n/a

Population characteristics n/a

Recruitment n/a

Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description DNA samples newly-obtained from ancient human remains were co-analyzed with previously-published data from ancient and 
modern individuals. Using genome-wide SNP genotypes, researchers calculated population genetic statistics that primarily examine 
allele-sharing patterns to explore historical relationships among populations.

Research sample We generated new genome-wide data from 238 not previously reported ancient individuals.

Sampling strategy We produced 504 ancient DNA libraries from 341 distinct skeletal samples. We used in-solution enrichment for over 1.2 million 
targeted single nucleotide polymorphisms (SNPs), a standard set of genetic markers widely used in ancient DNA studies and 
commonly referred to as the ”1240k SNP set”, to gather genome-wide data that met standard criteria for ancient DNA authenticity 
from 238 unique individuals.

Data collection DNA from the ancient remains was extracted, sequenced, and processed into SNV genotype calls.

Timing and spatial scale Ancient individuals lived from 10,000 yBP to 150 yBP in present-day Central and Northern Argentina, and Paraguay.

Data exclusions 103 samples did not produce data of high-enough quality to analyze, either because of low coverage or because of evidence of 
contamination.

Reproducibility All attempts to reproduce were successful.

Randomization No randomization was possible due to the nature of the study, a reconstruction of past events that cannot be repeated. 

Blinding No blinding to dates or geographical origin was possible, due to the criticality of this information for analysis.

Did the study involve field work? Yes No
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Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Palaeontology and Archaeology

Specimen provenance All of the skeletal remains examined in this study were sourced from museum collections or other archaeological archives. We only 
analyzed the samples after receiving permission from the custodians and the relevant local authorities.

Specimen deposition The skeletal samples are under the stewardship of the appropriate co-authors or museum collections., and may be accessed by their 
skeletal code listed in Extended Data Table 0.2.

Dating methods We report 35 new radiocarbon dates obtained using standard techniques. 

Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight This study adhered to ethical guidelines for working with human remains drafted both by a diverse and 
international group of anthropological and paleogenetic scholars (Alpaslan-Roodenberg, S. et al. 2021, Ethics of DNA research on 
human remains: five globally applicable guidelines. Nature) and the Argentine Association of Biological Anthropology (Aranda, C., 
Barrientos, G. & Del Papa, M. C. 2014 Código deontolñogico para el estudio, conservación y gestión de restos humanos de 
poblaciones del pasado. Revista argentina de antropología biológica) treating these deceased individuals with respect and using 
minimally-destructive analyses techniques. Our research program involving ancient human remains received approval from the Ethics 
Committee of the CEMIC (Comité de Ética en Investigación, Centro de Educación Médica e Investigaciones Clínicas ‘Norberto 
Quirno’). Skeletal samples were exported with authorization from the institutions safeguarding them (provincial and national 
museums, universities, etc.), obtaining proper permits from each province (e.g., Agencia Códoba Cultura), and the Argentina 
government (Instituto Nacional de Antropología y Pensamiento Latinoamericano). In instances where indigenous communities were 
associated with these individuals, analyses were conducted in engagement with these communities (Salceda, S. A., Desántolo, B. & 
Plischuk, M. Espacio de reflexión: el por qué y para quién de la investigación bioantropológica. Revista argentina de antropología 
biológica 17, 1–6 (2015).), primarily facilitated through interactions between archaeologists and the communities. In the particular 
case of samples from the Córdoba province, we secured endorsement and support for this research from the Consejo de 
Comunidades de Pueblos Indígenas de la Provincia de Córdoba, Argentina (Council of Communities of Indigenous Peoples of the 
Province of Córdoba).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches, 
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the 
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe 
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor 
was applied.

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If 
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Authentication Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to 
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism, 
off-target gene editing) were examined.

Plants




