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A B S T R A C T

The South Coast of Peru, the location where Peru’s widely used period/horizon relative ceramic chronology was
established and where archaeological samples were obtained for the earliest radiocarbon studies, has figured
prominently in the development of chronologies in the Central Andes. We examine the current state of chro-
nology in the region with a compilation of 770 published and unpublished radiocarbon dates from >60 sites in
the Nasca and Ica drainages and on the Paracas Peninsula, spanning a period of approximately 8000 years, to
evaluate the relative ceramic chronologies and explore the timing and duration of major cultural changes. Kernel
Density Estimate (KDE) summaries of Bayesian phase models demonstrate the following aspects of regional
cultural dynamics: the earliest settlements began in the Preceramic ca. 6000 BCE and are found on the coast; the
Paracas culture was established ca. 900 BCE and cultural development was first focused in the north and then
spread south; a reverse direction of cultural influence is found during the Nasca culture when innovation began
in the south and spread north; an early mixture of Late Nasca/local Loro culture is found in Nasca (510–720 CE)
followed by the spread of Loro elsewhere and the establishment of intrusive highland Wari colonies that peaked
in the mid-9th century CE; and the Late Intermediate Period was variable throughout the region in terms of
timing and duration, reflecting a turbulent period. The results of the study reveal strong temporal overlap in the
ceramic styles indicating they are not purely sequential and consequently are inadequate as chronological
markers on a regional level. The research highlights the potential of radiocarbon evidence to reveal sub-regional
temporal heterogeneity and to help us better understand the dynamics of cultural change.

1. Introduction

Research on the South Coast of Peru has been central to the forma-
tion of Central Andean chronologies since the 1950s, when John Rowe
and colleagues developed the “Master Sequence” from ceramics found in
grave lots in the Ica Valley (Menzel, 1964; Menzel et al., 1964; Rowe,
1962, 1963). This chronology established the alternating sequence of
horizons and intermediate periods still widely used today and built on
work from the earliest days of archaeology on the South Coast that
focused on the development of relative chronologies based on diagnostic
ceramics (Gayton and Kroeber, 1927; Kroeber and Duncan Strong, 1924;
Tello, 1959; Uhle, 1914). The sequence established by Rowe and col-
leagues (Preceramic, Initial Period, Early Horizon, Early Intermediate

Period, Middle Horizon, Late Intermediate Period, Late Horizon) has
framed much of the archaeological research in the Central Andes and
allowed comparisons across broad regions. This was Rowe’s explicit
intent: “Archaeological units from other parts of Peru are dated to one or
another of these periods or their subdivisions on the basis of evidence
that the units in question are contemporary with a particular unit of
pottery style at Ica. Direct evidence for dating of this kind is available in
those periods labelled “horizons,” because in these periods there was an
expansion of trade; certain highly distinctive pottery styles were
distributed over large areas, and imported vessels in these styles are
found associated with ones in the local traditions (Rowe, 1963:2).”
However, the dating of horizons and applying the concept across regions
can be problematic because horizons represent sociopolitical, historic,
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and geographic processes that are the results of innovations, in-
teractions, and influences, and consequently they do not work as
bounded chronological markers, even though that is often how they are
used.

As everywhere in the Central Andes, archaeological research on the
South Coast is shaped by the practical necessity of dividing time into
periods (Ramón Joffré, 2005), which reflect time spans of cultural
continuity punctuated by rapid change. The identification of material
culture associated with these periods often is used for chronological
diagnosis, creating three challenges: 1) temporal and spatial dynamics
internal to periods become difficult to identify and analyze, 2) punctu-
ated equilibrium of neatly chronologically separated phenomena be-
comes the default assumption, and 3) once proposed, these periods can
easily ossify. The problem is only complicated when a region large
enough to allow spatial variation in change and rate of change is the
object of study, and when the complexity and variety of behaviors un-
derlying changes in material culture are subsumed under a simple
assumption of change over time. Ceramic types, in particular, are re-
flections of the making, using, and sharing of objects that may be
widespread in space or persistent in time, or may instead be highly local
and special purpose, associated with particular events or processes in
certain places. Recognition of these complications is not novel: the South
Coast has been in the forefront of not only the development of periods
based on ceramic seriation, but also of reflexive attention to those pe-
riods (e.g., Carmichael, 2019; Eerkens et al., 2008; Peters and
Tomasto-Cagigao, 2018; Vaughn et al., 2014). One of the products of
that reflection is the recognition of temporal overlap of many ceramic
phases, indicating that ceramic variability reflects drivers other than
change over time, including for example sub-regional differences,
expression of family or social group style, and functional differences (e.
g., ritual vs utilitarian) (Silverman and Proulx, 2002:37). In theoretical
terms this is not surprising, and radiocarbon dates associated with
ceramic types offer a means of diagnosing when variation does in fact
represent change over time. This study is intended to shift the emphasis
away from the traditional period/horizon/phase typologies and instead
focus on the dynamics of when cultural material is used in different
places across the region.

This paper examines the current state of chronology on the South
Coast with a compilation of 770 radiocarbon dates taken from >60 sites
that span the Preceramic through the Late Intermediate Period, a period
of over 8000 years. The goal here is to provide an overview of the dy-
namics during this long time-span and not to give an in-depth analysis of
each cultural period. This compilation of dates makes it possible to
evaluate the relative chronologies upon which many interpretations of
South Coast archaeology are based and will aid in the future to more
precisely situate developments on the South Coast with respect to other
areas of the Central Andes.

Some critical questions reviewed in this paper are.

• When and where were the earliest settlements of the region?
• What is the sequence of the appearance and spread of ceramics and
other materials diagnostic of the Paracas and Nasca peoples?

• How does the long-established ceramic phase chronology of the
Nasca culture compare with the associated radiocarbon dates?

• When did the Wari state establish colonies in the region and how
variable was the impact of its collapse?

• What type of settlement variability existed across the region in the
Late Intermediate Period?

• Were cultural changes impacted by climate change?

These questions are not fully answered here but the data provide a
baseline for further investigation and in-depth analysis of particular
time periods. We view this study as a necessary review that builds on
previous research by taking stock of the current chronological evidence
in an area of the South Coast of Peru. As such, it sets the stage for
additional research by raising new questions and establishing in which

areas and time periods new dates will have the most impact on
interpretation.

2. Regional setting and archaeological background

The South Coast cultural area consists of the river valleys (from north
to south) of Chincha, Pisco, Ica, Nasca, and Acarí, and extends from the
Pacific coast to the headwaters of the rivers. In this study we only
include a portion of the South Coast; the Paracas Peninsula (located
between the Pisco and Ica Valleys), the Ica River drainage, and the Nasca
River drainage (consisting of the Palpa and Nasca subregions), which are
the areas where the authors have focused their collective research.
While dates from Chincha, Pisco, and Acarí would broaden the scope of
this paper to the entire South Coast, correlations between absolute dates,
material culture, and context are most accurately assessed at the core of
our regional expertise. For the analysis presented in this paper the dates
were considered as a whole and by geographic subregion: Paracas/Ica,
Palpa (northern Nasca drainage) and Nasca (southern Nasca drainage)
(Fig. 1).

The entire South Coast is a hyperarid desert region that has little
annual precipitation. The Nasca drainage, for example, today averages
10 mm rainfall per annum, with most of the water coming from seasonal
highland runoff (Mächtle et al., 2009). Despite the difficulty of the water
regime, and the restricted nature of agricultural land compared to
coastal areas to the north, the South Coast was well-suited for farming
and settlement. The alluvial sediments are very fertile when irrigated,
and the interior Ica and Nasca valleys have 350–360 days of sunshine a
year that can produce between two and four harvests depending on the
crop (Beresford-Jones, 2011).

Of the subregions examined here, the Ica Valley is the largest with
the most water and agricultural potential (ONERN, 1971). At the low
end of agricultural potential is the Paracas Peninsula, which has no
significant surface water sources, though the aquifer has been linked to
an abundant spring by the Bay of Paracas (Peters, 2013). A large stretch
of desert divides the Ica and Nasca valleys, although the mouths of the
two rivers at the Pacific are only about 18 km apart. The Nasca drainage
consists of eight rivers that merge into the Grande River before reaching
the Pacific. Between the northern (Palpa) and southern (Nasca) valleys is
a large plain but it is much less of a barrier than the desert expanse
between Ica and Nasca. The extreme arid environment in the region has
led to excellent preservation of organic material and provides a variety
of possible materials for radiocarbon dating. Although charcoal has been
the most used sample type, short-lived plants such as corn, or textiles
made from cotton, are preferred for radiocarbon dating and are
well-preserved in many archaeological sites.

2.1. Archaeological context

The chronological terms used in this study do not strictly follow any
one established terminology (either period/horizon [Rowe, 1962, 1963]
or developmental [Lumbreras, 1974]) reflecting the unsatisfactory na-
ture of the developed typologies to reflect cultural change on a regional
level (Fig. 2). Instead, we use culture names for time periods that are
well established and have corresponding distinct material culture such
as Paracas, Necropolis, Nasca, and Loro/Wari, and we use period des-
ignations for times when the material culture is less defined and/or
multiple cultural groups were possibly present, such as Preceramic,
Initial Period, and Late Intermediate Period. All the terms are descriptive
and reflect cultural material that is used to group radiocarbon dates and
are not primarily chronological.

The first known occupation of the South Coast was during the Pre-
ceramic, with the earliest well documented sites falling into what is
considered the Middle Preceramic, beginning after 6000 BCE. This is
significantly later than the earliest sites elsewhere on the Central An-
dean coast, which date to around 12,000 BCE on the north coast of Peru
(Dillehay et al., 2012) and 11,000 BCE on the far southern coast
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(Sandweiss et al., 1998). During the Preceramic, hunter-gatherer occu-
pation of the South Coast coexists with evidence of early plant cultiva-
tion, domesticated camelids, substantial shell middens, and permanent
villages in some places (Beresford-Jones et al., 2022; Conlee, 2016;
Engel, 1981; Gorbahn, 2013). In the Late Preceramic the cultural pattern
continued (Isla, 1990; Vaughn and Grados, 2006) and the region lacks
the monumental architecture and dramatic changes in sociopolitical
complexity evident in coastal areas to the north (e.g., Pozorski and
Pozorski, 2017). Sites and contexts in this study were identified as
Preceramic because of their lack of ceramics and the presence of other
diagnostic materials such as projectile point types. Research at the site of
Pernil Alto in Palpa, occupied beginning in the Middle Preceramic,
documented a hiatus of about 1600 years in the Late Preceramic until it
was re-occupied in the Initial Period at ca.1460 BCE (Unkel et al., 2012)
(see Supplementary Material for list of sites included in this study,
radiocarbon dates, and date sources).

The Initial Period on the South Coast generally coincides with
farming and the first production of ceramics (Engel, 1991; Reindel,
2009; Riddell and Valdez, 1987–1988; Robinson, 1994; Rowe, 1967;
Silverman, 1996). Material culture associated with Paracas (considered
part of the Early Horizon in the Rowe sequence), considered the first
complex society on the South Coast, is found on the coast from the
Cañete to Nasca valleys (e.g. Carmichael, 2016; Tantaleán et al., 2016).
Paracas used to be thought of as primarily a coastal culture, but sites
have now been documented up to approximately 3500 masl in the Palpa
subregion (Mader et al., 2023; Reindel and Isla, 2018). This period is
associated with a variety of social changes, including an increase in
settlements, shifts in economic relationships, and new types of material
culture most evident in the production of elaborate textiles, new types of
pottery, and the first construction of mounds and geoglyphs (e.g., Mader
et al., 2023; Stanish et al., 2014). Large sites and elaborate material
culture were present in many areas of the South Coast, indicating a high
degree of centralization and complexity, while in the Nasca drainage
settlements were small and material culture less elaborate, especially in
the southern drainage (Reindel, 2009; Schreiber and Lancho, 2003; Van
Gijseghem, 2006).

A chronology of the Paracas culture was developed using the Ocucaje
pottery sequence (Menzel et al., 1964), which is divided into Early

Paracas (Ocucaje 3–4), Middle Paracas (Ocucaje 5–7), and Late Paracas
(Ocucaje 8–9) (Tantaleán, 2021; Unkel et al., 2012). Ocucaje 10 is
sometimes considered to be part of Late Paracas and sometimes part of
Necropolis (discussed below). Previous research documented the
co-development of regional Paracas styles and settlements in much of
the northern part of the study region associated with Early and Middle
Paracas material, followed by a population explosion associated with
Late Paracas material in the south in Palpa, while the first Paracas set-
tlements in Nasca are associated with very late Late Paracas material
(DeLeonardis, 2005; Dulanto, 2013; Dulanto and Accinelli, 2013; Kau-
licke et al., 2009; Reindel, 2009; Schreiber and Lancho, 2003; Sossna,
2014). Analysis of mitochondrial DNA of 218 individuals dating 800
BCE-800 CE from the Paracas Peninsula, the Palpa Valley, and the
highlands east of Palpa demonstrated that people from Palpa and the
Paracas Peninsula were genetically similar to people of the subsequent
Nasca culture (Fehren-Schmitz et al., 2010). These results suggest peo-
ple of the larger region were biologically related and that migrations
from the north into the Nasca drainage began by the beginning of the
Paracas culture at least in the Palpa subregion, and that the Nasca cul-
ture was an indigenous development.

The period during which Paracas ceramics were replaced by Nasca
ones, termed the Transition Period (Unkel et al., 2012), or the
Paracas-Nasca Transition (Bautista, 2018; Orefici, 1996; Peters and
Tomasto-Cagigao, 2018; Van Gijseghem, 2006), was a dynamic period
of cross-cultural interactions and innovations, characterized by the
coexistence of Late Paracas, Topará, and Early Nasca ceramic traditions.
Carmichael (2019) proposed calling this period the Necropolis Era, since
he felt the name provided a pan-regional term that could be used for
comparison across the South Coast, and following his lead we call it
Necropolis, although without Era since we use the term to signify a type
of material culture and not a time period. Recent research that included
Bayesian analysis of new and previously published radiocarbon dates in
Chincha and Palpa argued that in Chincha the Topará tradition did not
emerge until after Paracas sites were ritually closed, indicating that the
intrusion of the Topará tradition did not cause the decline of the Paracas
culture as had long been proposed (Osborn et al., 2023). In contrast, the
authors found that in Palpa (as documented in other areas such as Ica
and Paracas) Topará and Paracas populations coexisted. This research

Fig. 1. Map of the South Coast with the sites included in the study. Points are scaled to the number of radiocarbon dates included in the analyses.
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supports a model of Topará style emerging north of Ica and spreading
south.

Necropolis is best known for the elaborate tombs of the Necropolis of
Wari Kayan excavated on the Paracas Peninsula in 1927–1928 by Julio
C. Tello and his colleagues (Tello, 1959). Necropolis ceramic assem-
blages have many different names: Ocucaje 10 (Menzel et al., 1964),
Jahuay, Chongos, and Campana (Wallace, 1986), Proto-Nasca (Strong,
1957), Initial Nasca (Unkel et al., 2012), Montana Period (Schreiber and
Lancho Rojas, 2003), La Peña (Cook, 1999), and Nasca 0 (Orefici, 2011).
The variety of terms reflects differences between subregions. Across
many of these subregions, Necropolis is associated with an increase in

the number of settlements, most strikingly in Pisco (Peters, 2013), Ica
(Massey, 1986), and Palpa (Reindel, 2009; Silverman, 2002; Sossna,
2014).

Material culture classified as Nasca (considered part of the Early
Intermediate Period in the Rowe sequence) is associated with a shift of
the center of cultural development south to the Nasca drainage. Hall-
marks of Nasca are the creation of thousands of geoglyphs (Nasca lines)
on plains and mesas, the large site of Cahuachi with several pyramid
mounds, and elaborate polychrome pottery. Archaeologists working on
Nasca have relied heavily on a relative chronology based on pottery
styles that consists of three sub-periods that correspond with ceramic

Fig. 2. Chronologies used on the South Coast.
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phases - Early Nasca (Nasca 2–4), Middle Nasca (Nasca 5, or Nasca 4–5),
and Late Nasca (Nasca 6–7). The ceramic phases were developed in the
1950s using similarity seriation based primarily on pottery found in
grave lots; the chronology is known as the Dawson seriation (Proulx,
2006). Since then, the increase in stratigraphic excavation and radio-
carbon dating has suggested that the ceramic styles do not segregate as
neatly in time as hoped. Carmichael (2013) argues that the Dawson
seriation works for the Nasca Valley but not for other subregions. He also
points out that the radiocarbon dates associated with ceramic phases
overlap and that up to three style phases sometimes existed at any one
time. Other chronological studies using optically stimulated lumines-
cence (OSL) and obsidian hydration dating have similarly shown overlap
in phases (Eerkens et al., 2008; Vaughn et al., 2014).

Changes in society and material culture are documented throughout
the span of the Nasca culture (e.g., Orefici, 2011; Reindel, 2009;
Schreiber and Lancho, 2003; Silverman and Proulx, 2002). The height of
Cahuachi’s power was associated with Early Nasca ceramics, while the
cessation of construction at Cahuachi and the restructuring of society
with new settlements in the region was associated with Middle Nasca
ceramics, and a decrease in the number of settlements in certain areas
and increase in frequency of conflict was associated with Late Nasca
ceramics.

The appearance of Loro (local) and Wari (foreign) ceramics (markers
of the Middle Horizon in the Rowe sequence) was associated with the
waning of the Nasca culture and appearance of influence from the Wari
civilization in the Ayacucho highlands. Wari colonies were established
throughout the study area with a particular concentration of them–with
distinctive imperial architecture consisting of orthogonal compounds
and D-shaped structures –in the Nasca drainage (Conlee et al., 2021;
Edwards and Schreiber, 2014; Isla and Reindel, 2014; Matsumoto et al.,
2022). Nasca people had an early connection with Wari, and it may be
through Nasca that Wari spread influence and people to other areas of
the south and far south coast (Conlee et al., 2021; Jennings et al., 2022).
Included in this study are two Wari colonies located in the Nasca sub-
region –Huaca del Loro (Conlee et al., 2021) and Pataraya (Edwards and
Schreiber, 2014). Many other sites in this study have evidence of Wari
influence in the form of new collective tomb types, the use of copper
alloys especially arsenic bronze, and the presence of Wari pottery. The
predominant pottery style is called Loro after the site of Huaca del Loro
where it was defined by Strong (1957) although a detailed chronology of
this style has not been developed. Loro pottery is the most common type
at both local and Wari sites and although originally thought to be
associated with the first half of the Middle Horizon (Menzel, 1964;
Strong, 1957) it is documented at sites that previous studies have dated
from 550–920 CE (Conlee, 2016; Edwards, 2010; Kerchusky, 2018;
Sossna, 2014; Unkel et al., 2012).

The collapse of Wari brought disruption to many areas of the Central
Andes, including the South Coast. Previous research documented that
much of the Palpa and Nasca subregions were abandoned and not
reoccupied for almost 200 years until the later part of the Late Inter-
mediate Period, ca. 1250 CE (Conlee, 2016; Sossna, 2014; Unkel et al.,
2012). In contrast, the upper elevations of Nasca (Nasca Alto) were
occupied and marked by large defensive hilltop forts (McCool, 2017),
while the lower Ica Valley shows little disruption and more continuity
between Loro/Wari and the Late Intermediate Period (Cadwallader
et al., 2018).

On the South Coast and in the adjacent highlands, the Late Inter-
mediate Period is generally identified by three-color pottery (red, white,
black) that is not as well made and does not contain the elaborate ico-
nography of the previous time periods although it is much finer in some
areas, such as Ica, than in others (Conlee, 2003; Menzel, 1976). Settle-
ment patterns are also distinct: throughout the study area by the later
part of the Late Intermediate Period, population grew, sites were larger,
adobe mounds were constructed in some areas (Ica), and high levels of
violence existed in others (Nasca Alto). The period ended when, at some
point in the early to mid-15th century, the Inca conquered the valleys of

the South Coast; in Rowe’s period/horizon chronology the period of Inca
rule is called the Late Horizon. In the study area local pottery and ar-
chitecture did not change dramatically with the Inca presence, although
at least one Inca center was established in each of the South Coast val-
leys (Menzel, 1959). No contexts from sites with definitive Inca material
culture and associated radiocarbon dates were available to be included
in this study. Although some radiocarbon dates are reported from Inca
centers on the South Coast, such as Tambo Viejo in Acarí (Valdez and
Bettcher, 2023), they are outside of the study area. Some of the sites in
this study were occupied during the Inca period but were considered
Late Intermediate Period since they had local material culture. Hope-
fully, radiocarbon dates associated with Inca architecture and artifacts
will be obtained and published in the future. The contemporaneity of
sites classified as Late Intermediate Period based on material culture and
sites associated with Inca control of the South Coast typifies the chal-
lenges of periodization in the region. The goal here is to establish
timespans associated with the material culture that has been used to
assign chronological periods, and not to assume that if date falls within a
certain range that it is associated with a certain culture.

2.2. Previous radiocarbon dating research in the study region

The first published radiocarbon dates from the South Coast were in
Arnold and Libby’s (1951) paper introducing the radiocarbon method,
which included dates on two wood artifacts collected by Alfred Kroeber
from graves at the site of Cahuachi in Nasca and a textile from a Paracas
Necropolis mummy (see also Bird, 1952). This was followed by William
Duncan Strong’s dates from eight samples obtained during 1952-53
excavations at the sites of Estaquería, Huaca del Loro, Cahuachi, and a
post from a geoglyph on the San Jose Pampa (Broecker et al., 1956;
Strong, 1957). Since then, especially beginning in the 1980s, radio-
carbon dates have been integral to research in the region and several
publications report radiocarbon dates and use them in analyses of cul-
tural change. However, few studies focus primarily on the compilation
and analysis of dates and their synthesis into a broader chronology. The
most complete publication and interpretation of radiocarbon dates is by
Unkel et al. (2012), who analyzed more than 150 samples from seven-
teen sites in the Palpa region. Building a Bayesian phase-and-boundary
model in OxCal using those dates and the existing cultural sequence for
Palpa, they produced age estimates for the start and end of each period,
tying the cultural sequence more precisely to calendar ages than had
previously been possible. This paper builds on the Unkel et al., (2012)
study, including the radiocarbon dates that they published as well as
other published dates and new unpublished dates from sites in Nasca,
Ica, and the Paracas Peninsula. The goal is to provide an updated and
comprehensive compilation of dates, evaluate assemblages of dates
associated with suites of material culture diagnostic of regional periods,
assess their implications, and reassess what is known about the timing of
major cultural changes in the region.

3. Materials and methods

Previously published radiocarbon dates were compiled from various
sources and filtered for duplicates using the laboratory identification
codes, producing a compilation of 770 radiocarbon dates from>60 sites,
compiled from >40 publications. Of these, 37 dates could not be clearly
associated with diagnostic cultural material and were excluded from
further analysis. An additional 88 dates were missing laboratory codes
or from sites that could not be located. Where available, information
about material dated, context, and associated material culture was also
recorded. Dates were assigned to period/phase based on diagnostic
material reported by the original researchers, which consisted primarily
of ceramics, although architecture style and other diagnostic artifacts
were used for some contexts. This posed some challenges due to vari-
ability in the level of detail reported by researchers and differing in-
terpretations of ceramic phases. Site and period names were
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standardized, and latitude, longitude, and elevation were added for each
site. The resulting compilation is available in the Supplementary
Information.

New dates from Huaca del Loro were obtained from samples chosen
during excavations in 2019 and 2022. The samples consist mostly of
maize cobs and textile fragments except for a few samples that were
wood, bone, and charcoal. The samples were prepared, and AMS dating
was conducted, at the University of Arizona Accelerator Mass Spec-
trometry Lab. New dates from Wari Kayan were based on samples taken
from human remains and associated textile fragments of vegetal or an-
imal fiber from a series of tomb assemblages reanalyzed in 2011 and
2012; these had not undergone intensive conservation or exhibition but
varied in their study and storage history. The samples were prepared,
and AMS dating was undertaken at Beta Analytic, Inc.

All dates in this study were calibrated using SHCal20 (Hogg et al.,
2020) in OxCal 4.4 (Bronk Ramsey, 2009a); data were managed in R (R
Core Team, 2021). Radiocarbon evidence for each period/region is
summarized with a Kernel Density Estimate (KDE) using OxCal’s
‘KDE_Model’ function (Bronk Ramsey, 2017), also in OxCal 4.4. Based
on published chronological assignments of associated contexts and/or
associated material culture (generally ceramics), dates in the compila-
tion were assigned to subsets, and each subset was modeled as a boun-
ded phase. Because the question of temporal overlap between
stylistically defined phases, especially across regions, is critical, no

stipulations about sequencing of phases were included as model priors
(see OxCal code in Supplemental Information). Dates that are obvious
misfits–dramatically different than others in a subset–have been
excluded from analysis but remain in the compilation. Dates that may be
outliers – identified by their inconsistency with supposed contemporary
samples – have been modeled as such in OxCal (Bronk Ramsey, 2009b).

4. Results

Summarizing the available radiocarbon evidence for the various
cultural periods across the three subregions under consideration pro-
duces an overview of both pan-regional commonalities and inter-
regional diversity. Because the summary of a given period within each
region is a kernel density estimate (KDE) (color saturation corresponds
to height of the KDE, so darker areas of each vertical bar are those of
higher probability), these estimates compensate (Bronk Ramsey, 2017)
for the tendency to overestimate phase lengths based on the combina-
tion of statistical scatter, uncertainty, and calibration effects (Bayliss
et al., 2007) (Fig. 3). However, since no stratigraphic priors are incor-
porated and many of the dates are on charcoal and wood samples that
may have inbuilt ages, these likely remain overestimates of the length of
any given phase in each region. Associations between dated samples and
classified material culture – sometimes difficult to assess for legacy dates
– can also be a source of error. As noted above (and in contrast to Unkel

Fig. 3. Summaries of the radiocarbon evidence for each period in each region, color-coded by cultural period. Color saturation corresponds to probability density of
the KDE for each phase. Number of dates on which each phase is based is indicated in parentheses.
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et al., 2012), because the chronological relationships between phases
are of key interest, no phase sequencing has been stipulated in the
models. This regional overview should - we hope - stimulate additional
research grounded in Bayesian models based on the stratigraphic re-
lationships between samples from specific sites.

The results indicate that across all subregions there are chronological
overlaps in the cultural phases. Which phases overlap temporally, and
how, varies across regions, (e.g., most saliently, Early and Middle
Paracas in Paracas/Ica, Late Paracas and Necropolis in Palpa, and Ne-
cropolis and Early Nasca in Nasca). Many of these overlaps are not
simply of the tails of probability distributions but involve the bulk of
probability of the date summaries, suggesting that the temporal overlaps
are real and deserving of further investigation, rather than artifacts of
methodology. Like any archaeological results, these are vulnerable to
sampling bias: if for example Middle Paracas contexts in the Nasca re-
gion have been minimally excavated and/or dated, summarizing the
radiocarbon evidence about them cannot produce an accurate chrono-
logical estimate. These chronological estimates are, however, accurate
summaries of available evidence, and highlight where that evidence
may be at odds with common interpretations, suggesting a need for
revision of accepted models and/or additional research.

Contrasts across regions include.

● Much earlier dates for the Preceramic and Initial Period in the
Paracas/Ica region than in Palpa and Nasca.

● Early Paracas material apparently appears earlier in Palpa than in
Paracas/Ica. Middle and Late Paracas materials, in contrast, appear
earlier in Paracas/Ica. Paracas material is absent or appears late in
Nasca.

● The appearance of Necropolis in Nasca is late relative to Paracas/Ica
and Palpa. The contemporaneity of the Necropolis and Early Nasca in
Nasca - but not elsewhere - is also striking.

● Early, Middle, and Late Nasca materials all appear earlier in Nasca
than they do in other regions.

● The absence of any pre-Late Intermediate Period occupation in Nasca
Alto likely reflects some combination of research bias and sparse
settlement.

● In Palpa and Nasca a hiatus of approximately two centuries occurred
between the latest Loro/Wari material and the earliest Late Inter-
mediate Period evidence. No such hiatus exists in Ica. In contrast,
dates associated with Late Intermediate Period materials in Nasca
Alto begin two centuries earlier and do overlap with the Loro/Wari
contexts from Nasca.

5. Discussion

In the following discussion of the results, we discuss trends in ma-
terial culture across the region in terms of space and time. Rather than
conflate regional differences by suggesting ranges of time for each
period, we provide 95% highest posterior density intervals (HPDI) for
each period in each subregion. These ranges are summaries of the
available radiocarbon evidence, which approximately capture the
earliest and latest dates associated with production/use/discard of
associated material culture, they are not proposals for divisions of time
into periods, phases, or stages. An important caveat to the results pre-
sented here and discussed below is that they may reflect uneven dating
(more attention to some periods and regions than others) or uncertainty
resulting from few dates, and it has in many cases not been possible
(based on the original publications of the dates included here) to criti-
cally evaluate the associations between dated sample and reported ce-
ramics. HPDI have been rounded to the nearest decade. Where multiple
ranges of time are indicated (resulting from discrete probability peaks)
these have been maintained where hiatuses seem plausible (where of
significant length, e.g. >500 years in the Ica Preceramic), and conflated
where they are so brief as to not be behaviorally plausible (e.g., 30 years
in the Early Nasca in Nasca, where such a brief hiatus more likely

represents a calibration artifact than a period during which Early Nasca
ceramics fell out of use). No attempt has been made to truncate ranges
that seem implausibly long (e.g., dates associated with Middle Nasca in
Nasca extend as late as 1020 CE); rather these stand as summarizing
reported evidence, highlighting the difficulties of large-scale compila-
tion of archaeological radiocarbon dates. Long 95% HPDI may also
capture probability tails; in fact, consulting the graphic representation is
more advisable (Figs. 3 and 5). Where no HPDI is indicated, no radio-
carbon dates associated with those ceramics have been reported in that
region.

5.1. Preceramic

Paracas/Ica HPDI: 8190–7670/6680–6310/5430–4530/
4320–3970 BCE
Palpa HPDI: 3700–3030 BCE
Nasca HPDI: 4630–1660 BCE

A total of 88 dates were analyzed from nine sites (with the La Yerba
sites counted as one) in all three subregions (Fig. 4). The dates in
Paracas/Ica establish a high probability of Preceramic activity by at least
6000 BCE. Although some dates push occupation back earlier (see
Fig. 3), this may be an artifact of large uncertainties – or problems of
inbuilt age – in early radiocarbon dates. The dates in Paracas/Ica are
almost a millennium earlier than those elsewhere. In Palpa the dates are
centered around 3500 BCE and all come from the inland site of Pernil
Alto. The dates in Nasca span a longer period but come from multiple
settlements. The earliest sites in the study region were located on the
coastline, where people focused on marine resources, suggesting that
searches for very early settlements may be most productive along the
coast.

5.2. Initial Period

Paracas/Ica HPDI: 5090–1230 BCE
Palpa HPDI: 1450–1270/1190–800 BCE
Nasca HPDI: 2100–520 BCE

A total of 36 dates associated with the Initial Period were obtained
from five settlements from all subregions, the smallest number of dates
from anymajor period (Fig. 5). The earliest dates are from settlements in
Paracas/Ica. Twenty-one dates were from Pernil Alto in Palpa, a site that
also had significant Preceramic occupation. These dates were included
in Unkel et al.,’s (2012) publication, in which the authors noted a hiatus
between the Late Preceramic and Initial Period. The new calibration and
models do not change the existence of this gap in Palpa but show a long
Initial Period occupation in Paracas/Ica that is contemporaneous with
the Preceramic in the southern areas. However, Preceramic dates from
these southern areas, like the very early Preceramic dates from Para-
cas/Ica, are legacies of mid-20th century research (Engel, 1991) and
should be reevaluated.

5.3. Paracas

Paracas/Ica HPDI:
Early Paracas: 790–440 BCE
Middle Paracas: 790–420 BCE
Late Paracas: 600–40 BCE
Palpa HPDI:
Early Paracas: 1150–350 BCE
Middle Paracas: 520–370 BCE
Late Paracas: 380–170 BCE

A total of 73 dates were obtained from 12 Paracas sites. Previous
research involving archaeological excavation and survey, ceramic
analysis, radiocarbon dates, and DNA indicated a spread of the Paracas
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culture and people from north to south (e.g., Carmichael, 2019; Feh-
ren-Schmitz et al., 2010; Van Gijseghem, 2006), and the results of our
analysis generally support this conclusion. However, Early Paracas ap-
pears earliest in Palpa, while Middle Paracas appears earliest in Ica/-
Paracas. Early and Middle Paracas settlements are unknown in Nasca.
Late Paracas appears earliest in Ica/Paracas followed by Palpa; there are
no recorded sites in Nasca that have contexts with only Late Paracas
cultural material. Instead, the dated Nasca contexts with Late Paracas
pottery (Ocucaje 8) also had Ocucaje 10 and Nasca 1 pottery and are
considered part of Necropolis. When all Paracas dates from Paracas/Ica
are combined and compared with all the dates from Palpa an earlier span
for the Paracas/Ica subregion is evident (Fig. 6).

5.4. Necropolis

Paracas/Ica HPDI: 360 BCE – 190 BCE/120 BCE – 300 CE
Palpa HPDI: 250 BCE – 110 CE
Nasca HPDI: 220 BCE – 230 CE/260–600 CE

A total of 98 dates were obtained from 12 sites (with the Cahuachi
and Samaca sites each considered as one) in all the subregions. On the
Paracas Peninsula this period is associated with the burials from Wari
Kayan (Peters, 2016); outside of the peninsula it is associated with set-
tlements that have a variety of pottery styles, usually including Ocucaje
9, 10, and Nasca 1, though sometimes Ocucaje 8 and Nasca 2 pottery are
also present (Bachir Bacha and Llanos Jacinto, 2006; Conlee, 2016; Van
Gijseghem, 2006). In Nasca, dates associated with Necropolis begin
later, and persist more than two centuries longer, suggesting a northern
origin (Fig. 7). Necropolis overlaps completely with Early Nasca in
Nasca, which supports the idea that this period is a mixing of cultures
and artistic traditions and emphasizes that ceramic phases have subre-
gional associations and are not temporal markers across the region.

5.5. Nasca

Paracas/Ica HPDI:

Early Nasca: 200–560 CE
Late Nasca: 480–700 CE
Palpa HPDI:
Early Nasca: 10–370 CE
Middle Nasca: 210–650 CE
Late Nasca: 470–680 CE
Nasca HPDI:
Early Nasca: 220 BCE – 680 CE
Middle Nasca: 120 BCE – 1020 CE
Late Nasca: 70–690 CE

A total of 191 dates were obtained from 24 sites, the largest number
of dates and sites for any period in this study. Scholars studying Nasca
have relied heavily on Dawson’s detailed seven phase ceramic chro-
nology. At the same time, it has been evident for at least two decades
that the ceramic phases do not coincide well with radiocarbon dates and
have sub-regional differences (Carmichael, 2019; Silverman and Proulx,
2002; Vaughn et al., 2014). The largest number of radiocarbon dates
comes from the center of Cahuachi in the Nasca subregion, which is
thought to date primarily to Early Nasca, a period associated with ce-
ramics of the Nasca 2–4 phases. The center of the Early Nasca world was
Cahuachi and the dates reflect a spread of cultural traditions from this
center to the regions in the north, with Early Nasca first present in Nasca
before Palpa and then later in Paracas/Ica (Fig. 8). This direction of
influence reverses the direction of spread of Paracas material culture,
though the small number of dates from Paracas/Ica (n = 5) makes this
contrast tentative. Early Nasca also lasts the longest in the Nasca
subregion.

Middle Nasca is associated with Nasca 5 pottery in the Nasca sub-
region, while in Palpa Nasca 4 and 5 pottery are found together and are
considered to represent Middle Nasca. In Palpa, Middle Nasca is also
defined by distinctive shaft tombs found at the site of La Muña (Isla and
Reindel, 2006). Middle Nasca is well-dated (n = 40) in Palpa, but with
only two radiocarbon dates from Nasca and none from Paracas/Ica
productive comparison between the regions is not possible (the broad
timespan associated with Middle Nasca in Nasca is a product of the

Fig. 4. Sites included in analysis for each cultural period. Points are scaled to the number of radiocarbon dates included in the analyses.
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broad uncertainties of the two dates). However, in Palpa Middle Nasca
overlaps in time with Early Nasca and Late Nasca, and in Nasca the two
Middle Nasca dates overlap in time with Late Nasca, indicating Middle
Nasca phase pottery is not a good chronological marker.

Late Nasca is associated with shifts in settlement and ceramic styles
along with the appearance of highland influence. It is associated with
Nasca 6–7 ceramics, although in Palpa Nasca 6 is rarely found (Hecht,

2009) and work by Whalen (2014) in the Nasca subregion at Cocahui-
scho suggests that Nasca 6 pottery was rare at this Late Nasca residential
site, indicating that the style had a limited distribution. The earliest
dates associated with Late Nasca are in the Nasca subregion, suggesting
once again that changes in pottery style, and presumably any cultural
shifts associated with them, occurred first in the south and then moved
north. Consistent with other chronological studies (e.g., Carmichael,

Fig. 5. Summaries of the radiocarbon evidence Initial Period – Late Intermediate Period.

Fig. 6. KDE summaries of phase models that combine all dated samples with Paracas period associations, separated by Paracas/Ica and Palpa subregions.
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2019; Vaughn et al., 2014) the Late Nasca dates reported here overlap
with Early and Middle Nasca dates, especially in the Nasca subregion,
indicating that the pottery style is responsive to something other than
time alone. When all Nasca dates from each subregion are plotted it
shows an earlier beginning and longer span in the Nasca subregion,
demonstrating this was where cultural developments were initiated and
lasted longest (Fig. 9).

5.6. Late Nasca/Loro

Nasca HPDI: 500–740 CE

A set of contexts termed Late Nasca/Loro include Nasca 7 pottery and

Loro pottery, are found in the Nasca subregion (12 dates from four sites).
These contexts do not include material from the highland Wari civili-
zation. The associated dates overlap considerably with Late Nasca dates
in all three subregions. Although Late Nasca and Loro pottery are found
together in contexts in Palpa (Sossna, 2014:192), no dates from those
contexts were available to be included in this study. It is possible that
Loro pottery was in use earliest in the Nasca subregion, where it was
used along with Nasca 7 pottery, and that the Loro pottery style then
spread north. Radiocarbon dates from associated contexts outside of the
Nasca subregion are needed to evaluate this possibility.

Fig. 7. KDE summaries of phase models that combine all dated samples with Late Paracas, Necropolis, and Early Nasca associations for each subregion.

Fig. 8. KDE summaries of phase models that combine all dated samples with Early Nasca, Middle Nasca, Late Nasca, and Late Nasca/Loro associations for
each subregion.
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5.7. Loro/Wari

Paracas/Ica HPDI: 580–1350 CE
Palpa HPDI: 550–860 CE
Nasca HPDI: 690–1080 CE

A total of 54 dates associated with Loro/Wari contexts were obtained
from ten sites. These settlements contained either local Loro pottery,
imperial Wari pottery, or a mixture of both. Two of the sites included
wereWari colonies (Huaca del Loro and Pataraya) both located in Nasca,
while the others were local settlements with varying degrees of Wari
influence. No Wari colonies in Palpa were dated and the local Loro sites
in this area span the Late Nasca/Loro contexts and the first half of Loro/
Wari in Nasca. In Paracas/Ica the dates span a much longer time period
(Fig. 10). Dates from the Wari colonies in the Nasca subregion mostly
span 700–1000 CE and the contexts dated contain both Wari and Loro
pottery. The overall patterns show an early mixture of Late Nasca and
Loro in the Nasca subregion, followed more broadly by the use of Loro
pottery, and then the establishment of Wari colonies with the Loro
pottery continuing to be used. The Nasca Alto fortified sites were
established around 970 CE making them contemporary with the later
dates of Loro/Wari in Nasca.

5.8. Late Intermediate Period

Paracas/Ica HPDI: 960–1400/1420–1580 CE
Palpa HPDI: 1180–1530 CE
Nasca HPDI: 1270–1520 CE
Nasca Alto HPDI: 970–1020 CE/1140–1440 CE

A total of 181 dates were obtained from 10 sites (with Samaca
considered as one site) assigned to the Late Intermediate Period. Pre-
vious research (Conlee, 2016; Unkel et al., 2012) indicated a hiatus
between the end of Loro/Wari settlements and the middle part of the
Late Intermediate Period in the Palpa and Nasca subregions. The current

study confirms this gap in the lower elevations of Palpa (ca. 860–1180
CE) and Nasca (ca.1080-1270 CE) but in the upper elevations of Nasca
(Nasca Alto) fortified sites were occupied during this period, suggesting
that people may have migrated up-valley from the lower elevations
during a time of social, political, and environmental stress (Fig. 11). In
the lower Ica valley at Samaca, occupation continued during the gap
period, indicating little disruption and more favorable conditions. This
might be explained in part by the lack of known Wari presence in the
area, making this area less directly vulnerable to the Wari collapse.

The Late Intermediate Period was a time of population peak on the
South Coast (Menzel, 1976; Reindel, 2009; Schreiber and Lancho,
2003). Large and numerous sites are found in all the subregions. The
period begins and ends earliest in Nasca Alto. This is followed by
occupation in Paracas/Ica while the lower elevations of Nasca and Palpa
begin later and have similar trajectories to each other. This may reflect
what is written in historical accounts that describe Palpa and Nasca as
integrated and part of a regional polity at this time, and Ica as a more
powerful independent polity (Conlee, 2016; Menzel, 1976). The upper
elevations of Nasca were possibly incorporated by the Inca before the
other regions (Conlee, 2021), which may have led to population reset-
tlement and new types of material culture.

5.9. Climate and culture

Climate change has been suggested as a major factor in cultural
change on the South Coast (e.g., Eitel et al., 2005; Mächtle and Eitel,
2013; Mächtle et al., 2017; Sossna, 2014; Schittek et al., 2015). The most
localized climate information comes from peat cores near Cerro Llamoca
in the upper elevations of the Palpa subregion, which span approxi-
mately the last 8600 years (Schittek et al., 2015). Schittek et al.’s
age-depth model (2015:31) is based on 35 radiocarbon dates (50 sam-
ples were analyzed, but 15 dates were classified as resulting from
redeposition and discarded). The dates were originally calibrated with
IntCal09; in order to compare with our results, we have recalibrated the
dates using SHCal20. The results are summarized in the right-hand

Fig. 9. KDE summaries of phase models that combine all dated samples with Nasca period associations, separated by subregion.

Fig. 10. KDE summaries of phase models that combine all dated samples with Loro/Wari and Late Nasca/Loro associations for each subregion.
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column of Figs. 3 and 5.
Schittek et al. (2015:39–40) found that the Mid-Holocene, the period

of early occupation along the coast in Paracas/Ica but preceding docu-
mented settlements in Palpa and Nasca, had a highly variable hydro-
climate. A subsequent humid period from 3250 to 2950 BCE, including a
significant transition to wetter conditions around 3050 BCE, coincided
with the occupation of inland sites in Palpa and Nasca and sparse
occupation in Paracas/Ica. A marked dry period from 2650 to 2150 BCE
is a time when no dated settlements are recorded in Palpa, a few dated
Preceramic contexts are found in the upper elevations of Nasca, and
some Initial Period occupation in Paracas/Ica. A short dry episode be-
tween 50 BCE-350 CE is not correlated with any particular material
culture and spans Necropolis, Early Nasca, and Middle Nasca in Palpa,
and Necropolis and Early, Middle and Late Nasca in Nasca. In Paracas/
Ica this period coincides with Necropolis and Early Nasca. A stable
humid period from 350 to 850 CE is coeval with Middle Nasca, Late
Nasca, and Loro/Wari in Palpa, and with Necropolis through the first
half of Loro/Wari in the Nasca region. This period in Paracas/Ica in-
cludes Early Nasca, Late Nasca, and the first half of the span of Loro/
Wari. Schittek et al. also point to a return to dry conditions at 750 CE. An
extreme drought from 950 to 1250 CE coincides with a gap in the
archaeological radiocarbon record in Palpa, and in Nasca overlaps with
the end of Loro/Wari and a gap in the archaeological record. However,
Nasca Alto is occupied during this time and in Paracas/Ica it coincides
with Loro/Wari contexts. Stable humid conditions returned from 1250
to 1350 CE, corresponding with the Late Intermediate Period and peak
populations except in Nasca Alto, where few contexts are dated to this
period.

The results suggest some connections between the climate fluctua-
tions recorded at Cerro Llamoca and cultural changes in Palpa as
Schittek et al. (2015) argued, such as a humid period coinciding with
early settlements, and an extreme drought contemporary with the gap
period, but it is more difficult to correlate climatic changes with cultural
changes in other time periods and subregions of the study area. This
highlights the difficulty of inferring causality in relating climate and
cultural change, and the importance of applying regional climate data to
regional cultural data instead of using information from remote regions
and assuming uniform climatic changes across the Central Andes,
something pointed out by Mächtle et al. (2017) previously. The com-
parisons of the climate and culture are further complicated by the
regional differences in the cultural chronologies, as demonstrated with
the South Coast data.

6. Conclusions

The results of this compilation and analysis of radiocarbon dates
shed some new light on cultural dynamics in the region. The earliest
sites are in the Paracas/Ica region, beginning at least 6000 BCE, are
located on the coast. Inland sites were occupied more than a millennium

later in Nasca and subsequently in Palpa coinciding with a humid
period. The Initial Period dates have different spans in the three sub-
regions, with the earliest in Paracas/Ica. This period has the lowest
number of dates, and the dating is more uneven across the region,
perhaps suggesting sparseness of occupation, and making in-
terpretations of the dynamics of the period more difficult.

The development of the Paracas culture marks a dramatic change to
more complex types of social, political, and economic organization. One
of the most striking patterns to emerge from this research is the clear
directional patterns between the northern and southern areas of the
study region, beginning with the Paracas culture. Paracas occupations
have an extensive history in the north, including the Chincha and Pisco
watersheds (not included in this study; see review in Tantaleán, 2021) as
well as on the Paracas Peninsula and in the Ica Valley. However, the
earliest Paracas dates in this study were from Palpa, followed by Para-
cas/Ica. In contrast, the Nasca subregion lacks Early and Middle Paracas
settlement and had a very late adoption of Late Paracas ceramics.

Necropolis appears to constitute a hybrid of several coeval cultural
traditions, which overlap in time with Early Nasca in Nasca. This
highlights two risks involved in using ceramic types as temporal
markers: the potential for contemporary production/use/discard of
multiple types, and the potentially time transgressive nature of both
adoption and abandonment of particular ceramic types (e.g, the radio-
carbon evidence suggests that Necropolis apparently remained in use in
Nasca for ~250 years after it fell out of use in Paracas/Ica).

Such directionality was not fixed. Following Necropolis, the cultural
influence changed direction, with innovation beginning in the south in
Nasca and then spreading north. Despite Carmichael’s (2013) sugges-
tion that the ceramic seriation works best in the Nasca Valley (one of the
three valleys of the Nasca subregion), overlap in the timespans associ-
ated with ceramic types (that have been divided into phases) is evident
and particularly notable in Nasca, which was presumably the origin of
the ceramic styles. Overall, the Nasca culture appears to be initiated in
Nasca and lasts the longest in this subregion. The shift from relatively
arid to relatively humid conditions at ca. 350 CE crosscuts the Nasca
period in all three coastal regions. When the climate changed, Early
Nasca ceramics were in use in Paracas/Ica, Middle Nasca ceramics were
in use in Palpa, and Necropolis, Early Nasca, Middle Nasca, and Late
Nasca ceramics were all in use in Nasca. The climate data do not indicate
a drought period associated with Middle and Late Nasca as some pre-
vious investigators proposed (Schreiber and Lancho, 2003; Silverman
and Proulx, 2002). Instead, much of the mid-late Nasca period and
Loro/Wari coincide with a stable humid period although with drier
conditions at 750 CE.

An early mixture of Late Nasca and Loro pottery is found in the Nasca
subregion. Contexts in Nasca with Late Nasca and Loro pottery are
contemporary with contexts containing Late Nasca ceramics in Palpa
and Paracas/Ica, indicating that the Loro style was first used in the south
and then became widespread. The Loro/Wari period witnessed the

Fig. 11. KDE summaries of phase models that combine all dated samples with Late Intermediate Period associations for each subregion.
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intrusion of the highland Wari state and the establishment of Wari col-
onies, although Wari influence was variable throughout the study re-
gion. Loro pottery continued to be used alongside Wari pottery in most
places and was not exclusively an early Middle Horizon style as previous
research suggested. The climate data indicate a period of extreme
drought beginning around 950 CE that occurs a hundred years after the
last Loro/Wari dates in Palpa and 100 years before the last dates in
Nasca. It was a period of stress and movement of people in the south, and
it was a period of continuity in Ica, signaling diverging trajectories in the
subregions. These diverging trajectories are evident in the Late Inter-
mediate Period, when the Nasca highlands (Nasca Alto), Nasca and
Palpa (with similar patterns to one another), and Paracas/Ica have
variable beginning and end dates.

The data and interpretations presented here provide a summary of
current evidence regarding the dynamics of cultural change on the South
Coast and emphasize that ceramic phases have subregional associations
and are not temporal markers across the region. The synthesis of
available radiocarbon evidence demonstrates that traditionally used
chronological frameworks 1) obscure significant regional variability in
the timing of production/use/discard of commonly recognized ceramic
types, and 2) assume strict temporal sequencing of ceramic types when
in fact substantial temporal overlap seems to be the norm. The constit-
uent details of this synthesis can be built upon andmodified in the future
as more dates become available and additional archaeological contexts
are investigated. Chronological precision can be improved through
Bayesian models based on the stratigraphic relationships of samples
from individual sites, and it is to be expected that improved chronologies
may further change the interpretations of cultural (and climate-culture)
dynamics. The synthesis we have provided here demonstrates how
contingent such interpretations are on chronology, with significant
interpretive ramifications. It is particularly notable how assumptions
based on the summary chronological charts lead to the compression of
time periods, sometimes by centuries. Instead of charts with discrete
blocks of time, different approaches to chronology are needed to un-
derstand the regional variation and patterns of material culture that is
critical to developing more accurate models of past sociopolitical and
climate-culture dynamics on the South Coast and across the Andes.
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Mächtle, Bertil, Eitel, Bernhard, 2013. Fragile landscapes, fragile civilizations — how
climate determined societies in the pre-columbian South Peruvian Andes. Catena
103, 62–73.

Mächtle, Bertil, Schittek, Karsten, Reindel, Markus, Eitel, Bernhard, Eitel, Bernhard,
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Porres, Fondo Editorial. Lima, Peru.

Osborn, Jo, Hundman, Brittany, Weinberg, Camille, Huaman, Richard Espino, 2023.
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