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ABSTRACT

Today the Lower Ica Valley (Peru) exhibits
evidence of environmental degradation,
strong activity of deposition and erosion
processes through modifying agents such as
water and wind. All of this is the product of a
long process of environmental transformation
both during and since pre-Columbian times.
Archacological remains present in this valley
evidence a long and important pre-Colum-
bian cultural trajectory. We provide a case
study of the geoarchaeology of the Samaca
H-8 archaeological site that was founded
sometime towards the end of the Middle
Horizon (c. AD 900-1000) and consolidated
its development during the Late Intermediate
period (AD 1000-1400). This work contem-
plates the analysis of soils and sediments
using micromorphology, geochemical-geo-
physical analyzes and radiocarbon dating
The results reveal that the construction and
first occupation of Samaca H-8 (or at least
the eastern part of the site), during the tran-
sition from the Middle Horizon period to the
Late Intermediate Period, was marked by
environmental dynamics and drastic land-
scape change toward more arid conditions.
Recurrent deposition of windblown materials
took place, perhaps due to a lack of protec-
tion offered by riparian dry forest cover. The
Samaca H-8 site was established under these
environmental conditions around AD 900.

Keywords: geoarchaeology, Lower Ica
Valley, Samaca-H8, Middle Horizon
and Late Intermediate Period.

RESUMEN

En la actualidad, el Valle Bajo de Ica (Peri)
exhibe evidencias de degradacion ambiental,
Suerte actividad de procesos de deposicion y ero-
sidn a causa de la accion de agentes modificado-
res como el agua y el viento. Todo ello, producto
de un largo proceso de transformacion ambien-
tal registrado desde épocas precolombinas. En
este escenario, los diversos restos arqueoldgicos
presentes en este valle muestran una larga e
importante trayectoria cultural prehispdnica.
Proporcionamos un estudio de caso sobre la
geoarqueologia del sitio arqueoldgico Samaca
H-8 que surgié a fines del periodo Horizonte
Medio (c. 900-1000 d. C.) y consolidé su
desarrollo durante el periodo Intermedio Tardio
(1000-1400 d. C.). Este trabajo contempla
el andlisis de suelos y sedimentos mediante
mucromorfologia, andlisis geoquimico-geofisicos
y datacion radiocarbonica. Los resultados reve-
lan que, la construccion y primera ocupacion de
Samaca H-8 (0 al menos la parte este del sitio),
durante la transicion del periodo Horizonte
Medio hasta el Periodo Intermedio Tardio,
estuvo marcado por una dindmica ambiental
y cambio drdstico del paisaje hacia condiciones
mds dridas y con la deposicion recurrente de
malteriales arrastrados por el viento. Tal vez
como consecuencia de la_falta de proteccion que
ofrece la cubierta de bosque seco riberefio. El
sitio Samaca H-8 comenzd a formarse bajo
estas condiciones ambientales alrededor del afio
900 d.C.

Palabras clave: geoarqueologia,
Valle Bajo de Ica, Samaca H-8,
Periodo Horizonte Medio y
Periodo Intermedio Tardio.
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1.Introduction opening up several lines of study. The valley is
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The Ica Valley of the south coast of Peru (Figure
1) has long been important to the development
of Peruvian archeology. This region was the cor-
nerstone from which a chronology for the entire
Andean region was proposed first by Rowe, Men-
zel and colleagues (see Rowe, 1962; Menzel, 1971).
Despite numerous critiques, revisions and updates,
this periodization, better known as Rowe’s Ica
Valley Master Sequence (Figure 2) (Rowe, 1960,
1962; Menzel, 1964, 1971, 1976), continues to be
used by Andean researchers (eg, Ramoén, 1994,
2005, 2010, 2013; Del Aguila, 2010; Tantalean,
2016). Years of research here have revealed the
long pre—Columbian history of the Ica Valley,

Kilometers

f—

widely related to the development of the Nasca
culture, of the Early Intermediate Period, which
understandably calls the attention of specialists
and the general public. This paper, however, cen-
ters on a less disseminated period of this region,
the Late Intermediate Period —considered to be
a span of time in which several Andean regions
consolidated locally—based cultural expressions,
from a site called Samaca H—8, which emerged by
the end of the Middle Horizon and consolidated
its development around AD 1000. Moreover, it
examines this case study from a geoarchacological
perspective to explore how environmental aspects,
alongside anthropogenic interventions, shaped the
history of this ancient community.

m Geological characteristics of Ica, South coast of Peru (Beresford-Jones, 2014).
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The Ica Valley, especially its lower, downstream
parts (see Figures 1 and 3) (Massey, 1991), pre-
serves abundant archacological remains that give
an account of continuous and intense occupation
through time, beginning at least ten millennia ago
(Engel, 1991; Beresford—Jones et al. 2015; Beres-
ford—Jones et al., 2018). Research here has focused
on understanding general cultural development
(Menzel, Rowe and Dawson, 1964; Menzel, 1964,
1971, 1976; Engel, 1981; Massey, 1991; Cook,
1994; Del.eonardis, 1997, 2005; Bachir Bacha
and Llanos, 2013), mostly for earlier time periods
-the Initial Period (c. 1800-800 BC), Early Hori-
zon (c. 800 BC—AD 100) and Early Intermediate
Period (c. AD 100-750)- with less attention paid
to later Middle Horizon (c. 700-1000 AD) and
Late Intermediate periods (c. 1000-1400 AD)
(Figure 2). Moreover, these investigations mostly
entail analyses of ceramics and architecture with

little information about past landscapes and
environments.

Recently, however, the Samaca Archacological
Research Project (‘PIA Samaca’ by its acronym
in Spanish) has carried out many studies in the
Lower Ica Valley and published abundant data
on societal development throughout the Middle
Horizon (MD), Late Intermediate (LIP) and Late
Horizon periods (Beresford—Jones et al., 2009a,
Cadwallader, 2013; Cadwallader e al, 2015;
Beresford—Jones, 2014; Haburaj, 2016; Chauca e
al., 2017; Cadwallader et al., 2018; Santana, 2021;
among others). TFollowing its development of a
non—deterministic environmental approach, the
Samaca Project has, over two decades, generated
new geoarchaeological, bioarchaeological and
archaeobotanical data, which offer new insights
into significant and sometimes dramatic changes
in the environment and landscape of the Samaca

Periods Cultures Master Years
Secuence

1500- Late Horizon Inca
1000- T.ate Ica-Chincha

Intermediate

- o
Middle Horizon " RAE ssiiE:es

Early Nasca

50-

Intermediate
AD
BC Initial Nasca

50- Early Horizon Paracas
IV Tnitial period

Ica 9
Ica 1-8 954 AD
Epoch 4
Epoch 3
Epoch 2 663-1118 AD
Nasca 8 &9
Late Nasca Nasca 6 & 7 440-640 AD
Middle Nasca Nasca 4 & 5 300-440 AD
Early Nasca  Nasca2 & 3 80-300 AD
Nasca Nasca 1 260- 80 BC/AD
Late Ocucaje ~ Ocucaje 10 380-260 BC
Ocucaje 8 & 9
Middle Ocucaje  Ocucaje 5-7 500-380 BC
Early Ocucaje  Ocucaje 3-4 840-500 BC
Puerto Nuevo 890 BC

& Disco Verde

m Chronology of the valleys of Ica, Palpa-Nasca and master sequence of the Ica Valley (Menzel 1971). Based on Beresford-Jones
(2014); Cadwallader et al. (2015); Cadwallader et al., (2018) and Unkel et al. (2012).
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and Ullujaya basins of the Lower Ica Valley, related
to extraordinary ENSO (El Nino—Southern Oscil-
lation) event(s), alongside deforestation and conse-
quent geomorphological transformation. Accord-
ing to the archaeological record registered in the
eastern flanks of both these basins, it is observed
that prior to the Middle Horizon, once active river
floodplain terraces were abandoned to productive
agriculture (see Figure 4), and a long process of
wind erosion in the Samaca and Ullujaya basins
began (Beresford—Jones et al., 2009a and 2009b;
Beresford—Jones, 2014).

Geoarchacological findings in the south of
the Ica Valley in the Palpa—Nasca region register
similar changes in the landscape over time. This,
together with an apparent lacuna in recorded
archaeological sites, has led to the hypothesis of
widespread abandonment of the lower parts of
the Palpa and Nasca valleys and relocations of
their populations elsewhere, driven by climate and
environmental changes at the end of the first mil-
lennium AD (eg, Unkel et al., 2009; SoBna, 2015).
In this context, research on this time period in the
Lower Ica Valley is important since it enables a
more complete environmental trajectory and
insights into how widely the hypothesis proposed
for the Palpa and Nasca valleys might apply for the
first centuries of the Late Intermediate Period on
the south coast of Peru.

In this article we focus on Samaca H-8, a well—-
preserved archeological site located on the eastern
bank of the Rio Ica in the Samaca basin and dated
mainly to the Late Intermediate Period—Late
Horizon (c. AD 1000—-1532) yet still occupied into
the first decades of the early Spanish Colonial
period (Figure 5 and 6). The site’s adobe architec-
ture comprises many groups of small rooms, often
linked to larger, open areas and divided by long,
narrow passages (Arce et al., 2013, 44). Its surface
1s covered by dense conglomerations of marine
molluscs and pottery fragments along with textile
fragments and bivalve molluscs such as Spondylus
(Figure 6). Much of its material culture dates to
the Late Intermediate Period, but some may
belong to styles previous to this period (Arce et al.,
2013; Chauca et al., 2017; Santana, 2021).

e | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A080622 / 2022

Our objective 1s to characterize the landscape
and environment in which Samaca H-8 was first
established through a detailed geoarchacological
study of certain deep contexts underlying its ini-
tial foundation. For this, we developed a geoar-
chaeological approach, where geoarchaeology is
understood to be a sub-discipline that integrates
methods and theories of Earth Sciences and
archeology (Butzer, 1989, 2008, 2011; Benito-
Calvoetal.,2014; Gilbertetal., 2017), to recognize
and understand the implications of the interre-
lationship between the environment and past
societies. However, as Butzer (2008) emphasizes,
the development of a geoarchaeological proposal
must go beyond the simple fact of applying
geo-scientific techniques. Rather, it must presup-
pose the understanding past geomorphological
and sedimentation processes which are critical
to understanding both the past environments of
archaeological sites and how they are presented
to us today (Goldberg and Macphail, 2006; But-
zer, 2011; Gilbert e al., 2017).

We therefore present here analyses of soils
and sediments underlying Samaca H—-8 using
methods of physical characterization, micromor-
phology and geochemical analyses that, together,
shed light on the processes which can be associ-
ated with both natural and cultural events and
factors (e.g, French, 2003, 2015; Holliday, 2004).
The calibrated radiocarbon dates, modeled using
OxCal Bayesian analysis, provide the geochrono-
logical base to these processes and establish the
date of the first foundation of Samaca H—8.

1.1. THE LOWER ICA VALLEY: ENVIRONMENTAL
AND CULTURAL CONTEXT

Our area of interest focuses on the Samaca basin,
which, together with the basins of Ullujaya,
Ocucaje, Callango and Montegrande, forms the
Lower Ica Valley (see Figure 3). This area is char-
acterized by an extreme environmental juxtapo-
sition (Figure 7): a hyper—arid desert crossed by
fertile river oases in the basins along the peren-
nial Ica River and adjacent to one of the richest
marine ecosystems in the world (Beresford—Jones,
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2014). Today these basins are deserted and largely
uninhabited and uncultivated, although there is
agriculture in Callango and some efforts have been
made to cultivate in Ullujaya and Samaca (Arce et
al., 2013). This entire area is integrated into the so—
called Peruvian—Chilean Desert or Atacama Des-
ert. Here, distinctive climate, geology, hydrology
and geomorphology have configured particular
cultural trajectories for what archacologists refer
to as the ‘south coast’ of Peru (Wiley, 1971). The
geomorphology of this area presents buried soils,
remains of alluvial sediments composed of clay,
silt and sand, which are all indicative of frequent
periods of flooding and erosion (Beresford—Jones e/
al., 2009; Hesse and Baade, 2009; Beresford-Jones,
2014; Santana et al., 2021).

400000

The intermittent rivers of the Peruvian desert coast
emerge from the western slopes of the Andes and
flow through a narrow coastal strip before reach-
ing the Pacific Ocean (Beresford—Jones, 2005,
2014; Beresford—Jones et al., 2009b). However, the
Ica River, located on the southern coast of Peru,
presents a different geomorphological configura-
tion (see Figure 1), because its access to the sea is
“blocked by the uplifted formations of the Tablazo
de Ica, resulting in the river being diverted south,
parallel to the coast, for 150 km” (Beresford—Jones
et al., 2009b, 238). Another characteristic that
this area presents is the strong winds, commonly
known as ‘paracas’, that blow persistently from the
southeast (Rossel, 1977). Measurements for the
Samaca basin show an average air speed between
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Location of the Samaca basin and the archaeological site Samaca H-8 in the Lower Ica Valley.
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32.2 kph (October 2004) and 27 kph (December
2004), with the general average for the basin at
28.8 kph (Beresford—Jones, 2014, p. 31). Likewise,
rainfall 1s scarce and only occurring during the
months of December to April, with readings indi-
cating that “accumulated annual precipitation is
145 mm” (SENAMHI, 2021, 63).

In this environmental context, important
pre—Columbian cultures emerged (see Figure 2)
including Paracas and Nasca (c. 200 BC—AD 600),
and Ica (c. AD 1000-1438 or LIP). At different
times the cultural trajectory of the Ica Valley was
also influenced by the Wari State (AD 600—1000
or MH), with its capital Huari located near Aya-
cucho in the southern highlands of Peru; and,
later, the Inca Empire, with its capital in the cur-

rent city of Cusco, also in the southern highlands.

e | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A080622 / 2022

The archaeology of the Lower Ica Valley, like that
of the south coast region more widely, therefore
presents a vast cultural development evidenced
by diverse settlements built through time (Massey,
1991). Present—day environmental and landscape
conditions might perhaps seem unfavorable for a
long and complex cultural development. However,
we must keep in mind that “the [current] ecolog-
ical conditions show very poor conservation, and
do not necessarily represent the conditions of the
past” (Cook, 1994, 65; our translation).

1.2. EL NINO-SOUTHERN OSCILLATION (ENSO)

The Ica Valley, like other parts of the Peruvian
coast, 1s impacted by the effects of the periodic El
Nino—Southern Oscillation (‘ENSO’) phenome-

Floodplain terraces had been abandoned to productive agriculture. The figure shows a relict Nasca canal on H-13 (PIAS file).
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non. El Nino cycles typically occur in a time period
of two to ten years, causing ‘interannual climate
variability’” with a tendency to increase sea surface
temperature (‘SST”) (SENAMHI, 2014). Varia-
tions in the frequency and intensity of SST can
have powerful influence on human populations
and their subsistence. During the major ENSO
of summer 2017, for instance, heavy rainfalls and
flooding affected large part of the usually arid
landscape of the Peruvian northern and central
coast. The 1997—-1998 El Nino, on the other hand,
was one of the most powerful events of the last 30
years and had particular impact on the south coast
(Beresford—Jones, 2014; SENAMHI, 2014; Sand-
weiss et al., 2020). The city of Ica suffered floods
and the partial destruction of its infrastructure,
while, in the Samaca basin, the Late Intermedi-
ate archaeological site of H-9 was washed away
by river floods (Beresford—Jones, 2014). Conse-
quently, ENSO is the focus of many new lines of
interdisciplinary research which aim to evaluate
the relationships between “climate variability and
human activities” (SENAMHI, 2014, 22).

i S T T P B

These lines of research engage with Andean
archaeology in a special way, as many archaeol-
ogists have long tried to argue for a direct rela-
tionship between devastating ENSO episodes
and social dynamics along the Peruvian coast
(Nials et al., 1979; Moseley and Feldman, 1982;
Sandweiss et al., 2001; Contreras 2010; among
others).

However, over time, these investigations have
become more refined (Beresford—Jones et al.,
2009b; Sandweiss and Kelley, 2012; Machtle and
Eitel, 2013; Beresford-Jones, 2014; Carré et al.,
2014; Sandweiss et al., 2020; among others), espe-
cially through the development of an interdisci-
plinary approach. Nevertheless, the development
of other studies and discussions that allow us to
understand and clarify that not all flood deposits
registered in sedimentological stratigraphies are
necessarily consequences of El Nifio, as normally
done in Central Andean archaecology, are still
pending (Ortlieb and Vargas, 2003; Beresford—
Jones et al., 2009b; Beresford—Jones, 2014; Uceda
etal., 2021).

TR

Archaeological site Samaca H-8. Aerial photograph taken by Cesar Durand (PIAS file).
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2. Geoarchaeological Research on the the past occurrence of high—energy flood episodes

South Coast of Peru with deposition of alluvial sediments, alternating

GEOARCHAEOLOGICAL RESEARCH
ON THE SOUTH COAST OF PERU
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Most of the archacological research contemplating
an environmental approach in the basins of the
Lower Ica Valley, developed by the PIA Samaca,
Beresford—Jones and collaborators, offer accounts
of geomorphological changes through time (Beres-
ford—Jones et al, 2009b; Beresford—Jones, 2014).
These, in turn, have been correlated with archae-
ological contexts, such as the aforementioned river
terraces of the various Early Horizon to Middle
Horizon contexts, that have become extinct over

the now abandoned river terrace areas denoted as
H-13 (Samaca basin) and G—8/9 (Ullujaya basin)
(Beresford—Jones, 2005; Beresford-Jones et al.,
2009b, Beresford—Jones, 2014). Geomorphologi-
cal and micromorphological studies have revealed

with dry periods and higher wind deposition,
suggesting an open environment undergoing a
gradual process of aridification (see Figure 4 and
7) (Berestord—Jones et al., 2009a and b; Beresford—
Jones, 2014; French, 2015; Santana et al., 2021).
Fragments of a fluvial layer up to 60 cm thick
are recorded at various locations below the H—13
terrace, which in digital elevation model (DEM)
reconstructions suggest an ancient flood event of
far greater spatial extension across the Samaca
Basin than the one in the 1997/8 El Nifio, occur-
ring sometime towards the end of the Nasca—
Early Intermediate Period (EIP) (Beresford—Jones
et al., 2009b; Beresford—Jones, 2014). Later, “at
some time in the past the river has incised into its
floodplain, exposing the five-meter embankment

Natural and cultural material exposed on the surface of Samaca H-8.
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described as Section 1/013 and creating the H-13
relict terrace” (Beresford—Jones et al., 2009b, 245).
Likewise, the presence of extensive but varying
calcium carbonate concretions on the currently
dry surfaces of H-13 along with ‘cemented’
anthropogenic features such as canals, suggest
human intervention in this part of the basin
through probable water manipulation (Beresford—
Jones et al., 2009b). In addition, archaeobotanical
studies, palynological analysis and plant macrofos-
sils suggest that both basins (especially the H-13
and G—8/9 terraces) supported agriculture during
the Nasca—Early Intermediate Period as shown
by the presence of a wide repertoire of crops that
are characteristic of the south coast: cotton, corn,
lima beans, chili, cucurbits, etc. (Beresford—Jones,
2005; Beresford—Jones et al., 2009a; Cadwallader,
2013; Berestord—Jones, 2014). All these occur
within a landscape composed also of Prosopis sp,
(huarango) woodland, the trunks of which are found
in situ during excavations. Through time, however,
investigations revealed a gradual disappearance of

these forests as a consequence of the intensification
of agriculture, especially during Late Nasca—EIP
and the early MH period (see Figure 2). By the end
of the Middle Horizon, these parts of the land-
scape of both basins had become degraded, with-
out vegetation cover and exposed to the effects of
geomorphological processes triggered by ENSO
events (Beresford—Jones, 2005; Beresford—Jones et
al., 2009a; Beresford—Jones, 2014).

Although it 1s argued that these processes
became more accelerated due to ENSO-induced
climatic fluctuations at the end of the Nasca—EIP,
they were also induced by anthropogenic factors.
Particularly, it is suggested that they arose out of
changes in Late Nasca society and with the arrival
of a new Wari political order (Beresford—Jones ez
al., 2009a; Beresford—Jones, 2014), caused by the
socio—economic and political transformations that
the area underwent since the end of the Early
Intermediate to the Middle Horizon. In sum,
intensifying agriculture and ceramic production

caused the removal of extensive dry forests and

Deflated landscape, buried soils and relics of vegetation cover in the Samaca basin.
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riparian vegetation which had protected these
basins from the impacts of extreme ENSO cycles
(Beresford—Jones et al., 2009b). Changes in the
landscape of the Samaca and Ullyjaya basin are
evident by the MH, as their alluvial terraces were
abandoned and reused thereafter (late MH and
during the LIP) as cemeteries (Cadwallader ez al.,
2015).

Cadwallader et al. (2018) studied and dated a
number of disturbed funerary contexts for the
Samaca and Ullujaya basins to argue that changes
in the location patterns of funeral contexts (mainly
during the first millennium BC) correspond to
processes of landscape change. Burials belonging
to periods ranging from the Early Horizon to the
Late Intermediate Period were located along “the
western edges of the basins” (Cadwallader et al.,
2018, 14), beyond the margins of arable land. It
is highly significant that after the Nasca—EIP the
river terraces which had formerly been agricul-
tural spaces became cemeteries during the Middle
Horizon and Late Intermediate Period, demon-
strating that they presented a dry landscape of
high terraces devoid of vegetation or crops. Finally,
Haburaj (2016) developed a spatial-temporal anal-
ysis of the settlements along the Ica River using a
geographic information database and statistical
analysis to argue that changes were generated in
the settlement pattern throughout the Ica River
basin due to repeated climatic fluctuations. Thus,
from the Early Horizon to the Late Intermediate
Period, the locations of the sites were related to
general arid or humid climatic conditions (Habu-
raj, 2016, 55).

South of the Ica Valley, the DAI’s Nasca—Palpa
Archacological Research Project used a multidis-
ciplinary research approach including geoarchae-
ology to characterize the environmental evolution
of this part of the Peru—Chile Desert. The project
used various proxy—data such as sediment studies,
geological analysis and loess dating by OSL, to
argue for the past existence of alternating more
humid and arid landscapes over time (Eitel et al.,
2005; Unkel et al., 2007, Hesse and Baade, 2009;
Michtle and FEitel, 2013; Miachtle et al., 2017).
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These alterations were related to past increases in
rainfall as a consequence of monsoon fluctuations
over Amazonia (Eitel et al, 2005). Thus, during
the Middle Holocene, they argue that this region
would have experienced more humid conditions
(6.42 £ 0.53 ka; see FEitel et al., 2005, 151), with
some rainfall on lower Andean slopes, open grass-
lands and a retired desert margin. Their model
would have a first period of aridity occurring just
before the development of the Paracas culture (c.
800—200 BC—Early Horizon), followed by another
period of humid conditions during the develop-
ment of the Nasca culture, especially during the
Early and Middle Nasca phases (see Figure 2).
These conditions changed towards a steady pro-
cess of aridification during the Late Nasca and,
finally, culminated in an arid landscape during
the Middle Horizon (Eitel et al, 2005; Unkel e
al., 2007). Similar processes are also evident in the
Lower Ica Valley, although, as we saw previously,
attributed here also to human-induced factors
triggering change (cf. Hesse and Baade, 2009).
Arid conditions in Nasca—Palpa were interrupted
by more humid ones during the Late Interme-
diate Period (AD 1000-1400) according to this
model; finally, from the 15" century onwards, they
became arid again (Eitel ¢t al., 2005; Miachtle et al.,
2017).

The apogee of cultures such as Paracas and
Nasca is attributed to this climatic alternation,
but also, to the collapse of Nasca during the Late
Nasca phase (AD 400-600), that is, during the
second aridification period. At the same time, the
reappearance and emergence of new settlements
during the Late Intermediate Period is credited to
the local impacts here of the so—called Little Ice
Age (Unkel ¢t al., 2007). According to this model,
landscape and environmental changes on this part
of the south coast are not attributed to El Nifo
events or to anthropogenic factors, but rather to
the variable influence of the South American
Summer Monsoon (Eitel et al., 2005; Unkel et al.,
2007). Consequently, it is considered that climatic
variations influenced the development and adap-
tive forms of pre—Hispanic societies.
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3. Materials and Methods

Between 2013 and 2015, the PIA Samaca carried
out systematic surveys and sampling for geoar-
chaeological purposes from various locations in
the Samaca—Ullajaya and Callango basins. This
approach included taking samples from the east
profile of Trench 3 in the Samaca H-8 site (Figure
8). Trench 3 (also known as ‘Pozo 3’; see Arce et
al., 2013) 1s located on the western edge of the
site, where extraordinary flooding of the Rio Ica
during the 1997-98 ENSO exposed a 4.5 m deep
section of the site. This was cleaned by excavat-
ing a profile into the section measuring 2 m wide
by 5 m long with an east-west orientation. The
objective was to obtain a stratigraphic sequence

that reveals the timeframe in which the site was
occupied (See Figure 9). Seven of the Trench 3
contexts were dated with the C14 (Table 2). Most
of these contexts were composed of midden

materials including ceramic fragments, obsidian
lithics, animal bones, desiccated plant remains,
marine mollusk and land snail shells (Arce et al.,
2013; Santana, 2021). The base of the Trench 3
excavation comprised of ‘made ground’ devoid
of cultural materials and laying directly on top of
natural river sand deposits. These contexts are the
particular focus of the geoarchaeological analyses
described here. The entire Trench 3 sequence thus
appears to represent the history of Samaca H-8
from it first foundation.

3.1. MICROMORPHOLOGY

Micromorphology is the microscopic study of thin
sections obtained from undisturbed soil and sedi-
ment samples collected in blocks and consolidated
by impregnation in polyester resin (Courty et al.,
1989). Our research was based on the observation
and study of thin sections. The samples were
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Plan of Samaca H-8 with the trenches dug during the 2013 and 2017 seasons. Drawn by George Chauca (PIAS file).
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[SU 8106] Dated Context

Geoarchaeological
profile analyzed

MTrench 3 and East profile excavated in Samaca H-8.

extracted from the stratigraphic profile exposed
by excavation of Trench 3, Samaca H-8 (Figure
9 and 10). Four blocks for micromorphological
analysis (after Murphy, 1986; Courty et al., 1989)
were taken (see Table 1) from three stratigraphic
units (‘SU’): from top to bottom SU 8216, SU
8217, SU 8220. They correspond to periods of
initial occupation and pre—foundation (levels
prior to occupation) of the site, respectively (see
Figure 9). These were analyzed by Charles French
at the Department of Archaeology, University of
Cambridge.

[SU 8209]=[SU 8211]=[SU 8111]

3.2. GEOCHEMICALAND MAGNETIC SUSCEPTIBILITY
ANALYSES

Multi—element analyses' were developed using a
35—element inductively coupled plasma atomic
emission spectroscopy  (ICP-AES) instrument
after treating the samples with the aqua regia
method (Wilson et al., 2008; Oonk ¢t al., 2009) and
applied to five samples (10 grams each) from the
same stratigraphic units previously listed (Table

1).

"www.alschemex.com and https://www.alsglobal.es/




http://dx.doi.org/10.18268/BSGM2022v74n3a080622

Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A080622/ 2022 / @

Table 1. Samples for geoarchaeological analysis.

Context from Samples for

Trench 3 micromorphology Trench 3

analysis/number

Context from

Samples for geochemical and

geophysical analysis/number

SU 8216/7 820 SU 8216 351
SU 8217 573 SU 8217 upper 363
SU 8220upper 561 SU 8217 lower 364
SU 8220 lower 330 SU 8220 upper 365
SU 8220 lower 366

Magnetic susceptibility is a measure of the ability
of a soil or sediment to become magnetized when
placed in a magnetic field and is a rough measure
of iron and other ferromagnetic components
(Clark, 1996). Five samples taken from the strati-
graphic units 8216, 8217, 8220 underwent the
magnetic susceptibility analysis (see Table 1).

3.3. RADIOCARBON DATING

Seven contexts from Trench 3 were radiocarbon
dated at Oxford University Radiocarbon Accel-
eration Unit ((ORAU’), and then calibrated using
ShCal20 (Hogg et al., 2020). The dates of these
contexts show general correspondence with their
stratigraphic sequence (see Table 2 and figure 9).
However, given their overall midden context’
they are modeled here as a single contiguous phase
using OxCal v4.4.4 Bayesian analysis (following
Bronk Ramsey, 2009) to define boundary limits

? The radiocarbon dates were obtained from various contexts of
Trench 3. Generally, these show correspondence with stratigraphy
(deeper contexts give older dates), but in a few cases contexts
apparently stratigraphically above others, nevertheless have an
older date. That is because the stratigraphy at those points has been
disturbed in the past. There are various archaeological contexts
exposed in Section 3 (some walls etc.), but in general these contexts
seem to be rubbish middens. So, in those circumstances the most
conservative statistical measure of the age of the overall Trench 3
midden is to model all the dates as a single contiguous phase and
use the boundaries of that phase to estimate the earliest and latest
ages of the midden.

for Trench 3 stratigraphy (see Table 5 and Figure
15). These dates are complemented by those from
other areas of the Samaca and Ullujaya basins, as
well as previous geoarchaeological studies already
outlined (Beresford—Jones ¢t al., 2009a and 2009b;
Beresford—Jones, 2014; Cadwallader et al., 2015;
Cadwallader et al., 2018; Santana et al., 2021; San-
tana, 2021).

4. Results

4.1. MICROMORPHOLOGY AND CHARACTERIZATION
OF TRENCH 3 OF SAMACA H-8

Four samples were taken from possible old land
surface horizons exposed in the basal 2 m of
the Samaca H-8 deep section (see Figures 9 and
10). These possible old surfaces are interrupted
by thick units of fine-medium quartz sand. The
base of the step trench profile was characterized
by fine pebbles and coarse sand of a former river
channel, before sand was deposited, with a fining
upward sequence over a depth of c¢. 30 cm. The
uppermost unit of this basal sequence (SU 8220)
could be the original surface on which settlement
at H-8 took place.

The lowest micromorphological sample blocks
were taken from stratigraphic unit SU 8220 over
a c. 22 cm thickness. Samples from this unit are
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identified as 561 and 330, and were taken from
the top and bottom contact surfaces respectively.
Sample 330 corresponds to the lowermost part of
this sample sequence and is composed of a het-
erogeneous mixture of very fine and fine sand, silt
and fine charcoal which exhibits a weakly irreg-
ular blocky to aggregated structure. Essentially; it
exhibits the same characteristics observed in the
lower fabric unit of sample 561 above (Figure 11).

In sample 561, there are two fabric units.
The lower fabric unit (1.5-11 c¢m) has a porosity
between 20% to 30% with interconnected vughs
and coarse to fine, sub-—rounded to sub—angular
quartz sand. It has a few (5%) aggregates of silt
and micro—charcoal, as well as other sub—rounded
organic components such as 20% of fine charcoal,
bone fragments, both phosphatized and degraded.
The uppermost fabric unit (0—1.5 cm) shows 30%
to 40% porosity with an interconnected vughy and
apedal, single grain structure. It contains mineral
components as coarse to fine, sub—rounded to
sub—angular quartz sand, and inclusions of fine
charcoal (20%). This sequence is overlain by a 1
cm thick unit of fine to coarse sand.

In general, both samples 561 and 330 show a
main fabric of fine to coarse quartz sand lenses
over a vughy sand-silt aggregated fabric. In
addition, both fabric units have fine to very fine
inclusions of charcoal and few sub—rounded silt
aggregates. The lensed components are indicative
of probable episodes of river—borne sand deposi-
tion, with weakly structured yet bioturbated fabric
units and fine anthropogenic components that are,
at the same time, indicative of short—lived old land
surfaces.

Up-profile, there was a c. 50 ecm thick unit
of homogeneous fine-medium quartz sands (ze.
context SUs 8206 in 8207) which was occasionally
interrupted by thin, discontinuous lenses of brown
organic sand. These are probably all reworked riv-
erbed derived sands which have been transported
and redeposited, mainly by wind and water action,
ostensibly without buildings being present.

From the SU 8217, the base of the unit was
sampled, which corresponds with thin section 573

@ | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A080622 / 2022

(Iigure 12). It was comprised of the two fabric
units similar to those stated for SU 8220. The
first corresponds to upper fabric unit (0-9/10 cm)
with porosity similar to the previous sample, but
with open interconnected vughs. The structure is
apedal, single grain and heterogeneous. This unit
presents the same mineral components as the two
previous units (above). The inclusions are also the
same, but with episodic inclusions of greater/lesser
amounts of bone fragments and organic matter
(see Figure 12). The lower fabric unit (9/10-12
cm) is the surface of contact with SU 8218 and
shows similar characteristics in mineral compo-
nents, porosity and structure; however, it varies
in organic components. In this aspect, it exhibits
phosphatized and degraded bone fragments (10%)
and a few (5%) amorphous iron oxide replaced
reddish orange (CPL), plant tissue fragments.

UE 8220

m Final section of the East profile and geoarchaeological
analyses discussed.
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The bottom of this horizon, as in the point of
contact with SU 8218 (see Figure 9), presents
fine-medium quartz sand, occasional charcoal
fragments and occasional discontinuous lenses
of humic quartz sand. This context is probably
related to wind or water deposition of sand, with
occasional episodes of brief stability and organic
matter accumulation, but with no buildings nor
riverbed exposed.

Samples were also taken from stratigraphic units
8216 and 8217 above with two fabric units identi-
fied. The first corresponds to the upper fabric unit
(0-3 cm), spectfically to SU 8216, and shows low
porosity (25%) and apedal, single grain but hetero-
geneous structure, and contains mainly a heteroge-
neous mix of very fine to medium sand. Further-
more, it shows inclusions in horizontal zones with
weakly laminar amorphous iron impregnation,

RESULTS

MThin section photomicrographs from Trench 3, Profile East. A) microphotographs in plane polarized light (PPL) and B) crossed
polarized light (XPL): The loosely aggregated sandy silt fabric with common very fine charcoal fragments, and the occasional degraded
and phosphatised bone (pb) and silt aggregate (sa), Samaca H-8, sample 561 (lower) (frame widths = 4.5 mm; cross plane polarized).
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common micritic (silt-sized) calcium carbonate,
few silt and silty clay fine sand size aggregates.
These may be indicative of the episodic deposition
of waterborne sands. SU 8217 was radiocarbon
dated to cal AD 1054—1215 (Table 5). The second,
lower fabric unit (3—11 cm), also has low porosity
(<20%) and an apedal, single grain, heterogeneous
structure, and contains mainly brown, micritic

@ | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A080622 / 2022

fine-medium, sub-rounded to sub—angular
quartz sand. In addition, this fabric unit presents
inclusions of fine to very fine charcoal, few rolled
silt aggregates, few degraded bone fragments and
common fine charcoal fragments.

These humic and calcitic aspects with the
common anthropogenic inclusions suggest that
the micritic quartz sand of stratigraphic units

"‘-
y Birefr|

I

A TI-WPA Thin section photomicrographs from Trench 3, Profile East. A) microphotographs in plane polarized light (PPL) and B)
crossed polarized light (XPL): Humic calcitic sand with common very fine charcoal (ch) and irregular zones of birefringent silty clay (sc),
Samaca H8, sample 573 (frame widths = 4.5mm; cross polarized light).
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Table 2. Samples for radiocarbon dating of Samaca H-8, Trench 3.

Context Material

wv

Dated =

-

>

Boundary End "Iﬁ

o
1 8203 Charcoal OxA-31016 -9.41
2 8205 Charcoal OxA-31017 -24.05
3 8208 Charcoal OxA-31018 -25.97
4 8214 Charcoal OxA-31019 -10.06
5) 8217 Charcoal OxA-30910 -26.03
6 8218 Charcoal OxA-30911 -25.42
7 8219 Charcoal OxA-30912 -24.59

8217 and 8216 is probably an aggrading old land
surface. This was essentially a cumulative series of
thin units of brown humic sand which included
pottery, bone and charcoal fragments, as well as
irregular zones and rolled aggregates of birefrin-
gent silty clay (Figure 12). The latter features are
indicative of some illuviation of fines (silt and clay),
possibly derived from overbank alluvial inputs
incorporated into this surface through soil mix-
ing processes (Kuhn et al, 2010). It is interrupted
by less organic and more sandy or silty lenses or
areas with higher frequencies of anthropogenic
inclusions, especially fine charcoal and micritic
ash and/or degraded and phosphatised bone
fragments.

On top of units 8217 and 8216, there were
c. 50 cm of alternating horizontal units of fine
sand/silt with shell fragments interspersed with
grey micritic ash and fine charcoal (z.e., SU 8206
and 8207). Covering this sediment was a thick
conglomerate (c. 2 m thick) containing mud bricks,
botanical remains, bones and much Late Interme-
diate Period pottery (Santana, 2021), together with
the remains of collapsed adobe brick deposits.

4.2. GEOCHEMICAL AND GEOPHYSICAL ANALYSES

The pH values of Samaca H-8 samples range from
7.1 to 8 (Table 3 and Figure 13), which point to a
neutral to moderately alkaline soil environment.

The highest (alkaline) pH observed is in sample
365 (see Table 3), perhaps related to the physical
characteristics of SU 8220, a compact and thick
layer of sand with inclusions of bone and charcoal
(see Figure 9).

The magnetic susceptibility readings for these
Samaca H-8 contexts are all relatively low (Table
3). These range from 6.86 to 3.61 Si/g, reflecting
the low abundance of iron oxides (Figure 14).
Sample 365 stands out as its magnetic behavior
appears to be diamagnetic (s/n), although this
may be noise due to the low values recorded. In
contrast, sample 351, which corresponds to SU
8216, presents a relatively high value of magnetic
susceptibility (see Table 3). This SU reflects that
it 1s probably a surface with small i sitw burning
lenses, decomposed organic matter, low amounts
of Ca (0.65%) and neutral pH values (7.1), in con-
trast to sample 365, which presents the highest pH
value of 8.

The identification of multiple elements high-
lights the presence of very high phosphorus (P)
values (Table 4), likely due to the presence of
organic waste components. The same samples
show low manganese (Mn) values. Likewise, the
iron values are low, a characteristic that is reflected
in the absence of reddening of the stratigraphic
units sampled and in the thin sections observed
(below), also in accordance with the pH and the
values of magnetic susceptibility.
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Table 3. Geochemical and geophysical analyses results.

o
T
©
v
®
£
I
wv
G
°
L
<
v
£
<
o
=
>
<
)]
o
<
©
(7]
<
o
=
©
et
v
b
a
B
[
)
E
®
=
=3
k)
o
()]
©
=
v
B
©
o
v
O

The low levels and availability of Zn is probably
conditioned by the pH values (see Table 4). As the
pH increases, the absorption capacity increases.
Likewise, it would be conditioned by the sandy
soils from the Trench 3, which, given their char-
acteristics, contain low levels of organic matter,
generating Zn deficiency in the soil.

4.3. CHRONOLOGY

The chronology of the very beginning of the Late
Intermediate Period when Samaca H-8 was pre-
sumably founded is poorly understood, not least
because the calibration curve for these centuries
is unfortunately and notoriously flat, so that rela-
tively precise radiocarbon dates are transformed
into wide possible ranges upon calibration (see
Table 5 and Figure 15). However, calibrating and
modeling the seven radiocarbon dates for Trench
3 as a single phase (as described) gives a boundary
limit of AD 997-1194 (95% confidence limit) for
the date of the foundation of Samaca H-8.

5. Discussion

Much river incision and wind erosion have
affected the landscape of the Samaca and Ullu-
jaya basins (Beresford—Jones, 2014). Over the last
two millennia it would appear that there has only
been limited periods of floodplain stability during
post—Late Nasca times (after AD 500). At that time
the system completely changed to one dominated

5 Context from Deep Sm
g SU 8216 351 393 7.1 6.86
2 SU 8217 upper 363 413 7.5 3.83
SU 8217 lower 364 497 7.65 3.04
SU 8220 upper 365 463 8.0 n/a
SU 8220 lower 366 . 7.7 3.61

by erosion and truncation of floodplain surfaces
and deposits, which initiated the destruction
of the Nasca Period canal systems recorded by
Beresford—Jones (2005). Earlier geoarchaeological
work (Beresford—Jones ez al., 2009b) suggested that
the river began to become incised sometime after
around AD 500, and that this may have been asso-
ciated with ENSO event(s) of an even greater scale
and severity than the 1997-1998 so—called ‘super—
El Nifio’ event (Bendix ¢/ al., 2002). More recently
there has been substantial deflation and erosion
as well as down—cutting of at least two—thirds
or c. 5+ m of the valley fill sequence described
above, much of this caused by the last super El
Nino of 1997-8. This event led to the truncation
and removal of much of the upper 1.2 m or so of
the alluvial floodplain sequence of both pre and
post—Nasca Period. Indeed, there has been similar
destruction of much of the physical archaeologi-
cal record; particularly, the complete destruction
of the Late Intermediate settlement site of H-9 in
the Samaca basin, as well as much earlier distur-
bance and partial removal of Nasca Period canal
features in the Samaca—Ullyjaya floodplain area
(Beresford—Jones et al, 2009b; Beresford—Jones,
2014).

Geoarchacological analysis of Trench 3 at
the northern edge of Samaca H-8 has revealed a
number of probable old land surfaces interspersed
with episodes of sand deposition in a cumulative
laminar ‘layer—cake’ stratigraphy over a total
depth of c. 4.1 m. The latter are probably aeolian
and alluvial deposits reworked by wind action
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from the exposed channel bed in the drier times of
year. The former are really just stabilized surfaces
of this same reworked sand, with some organic
additions, weak structural development and illu-
vial silty clays, and the accumulation/inclusion
of micritic ash, fine charcoal, amorphous iron
replaced plant tissue fragments and/or bone
fragments. These are derived from well-preserved
rubbish deposits (by desiccation) and varied ves-
tiges, such as archaeobotanical remains (cultivated
plants, riparian forest, among others) (Chauca e
al., 2017; Santana, 2019), pottery (Santana, 2021)
and zooarchaeological remains (Arce et al., 2013)
that reveal the evident human occupation in the
adjacent H—8 settlement.

These types of formation and deposition could
even be associated with some of the major dry
periods that have occurred in the last few millen-
nia. These are also suggested by some researchers
(Eitel et al., 2005; Machtle et al., 2010; Machtle,
2017), which, in particular, point to periods of
greater aeolian transport suggested for the Ica
Valley c. 2800-2600 and 1500-700 years ago
(Londono et al., 2012).

Likewise, the low values of magnetic suscep-
tibility reflect the absence of continuous and
considerable oxidation processes, for example, by
wetting and drying. However, the increase in the
value in SU 8216 suggests a probable improve-
ment in the values related to processes of burn-
ing cultural rubbish and organic decomposition,
which evidence anthropogenic processes. This is
related to the vestiges’ high density, from which
lenses of ash and coal stand out as a consequence
of n situ burning (see Figure 9 and 10). All of it as
aresult of human activity both in the stratigraphic
unit aforementioned (6216), and others located in
superior sections of this north profile (Trench 3).
Considerably higher values of magnetic suscepti-
bility in the floodplain elsewhere in the Samaca
and Ullujaya basins during the Early Intermediate
Period (AD 110-620), contrast strongly with those
presented here for Samaca H—8. Beresford—Jones
et al. (2009b) and Santana ef al. (2021) suggest that
these enhanced values may be associated with

Depth cm

seasonal floods and subsequent transpiration due
to evaporation, which will consequently generate
oxidation processes. These processes would be
typical of erratic-flowing dryland river systems
like the Rio Ica and, of course, periodic El Nifio
events, but also to relatively favorable pedogenetic
processes and moderately stable conditions for the
formation of these soils. This would suggest a rel-
atively stable environment prior to the Late Nasca
Period (AD 440-640; Unkel et al, 2012) and the
Middle Horizon (AD 663-1118; Cadwallader et
al., 2015). The setting would have been different
during the transition of Middle Horizon and the
beginning of Late Intermediate Period (transition
dated here to cal AD 997-1194 as the boundary
limit of the seven radiocarbon dates modeled as a
single contiguous phase) (see Figure 15 and Table
5). This is due to the fact that values presented for
Samaca H-8 suggest the existence of unfavorable
pedogenetic processes, which could also suggest
the existence of short-life surfaces prone to almost
immediate degradation, especially due to wind
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Table 4. Multiple elemental analysis results.

u

Trench 3 (ppm)
SU 8216 351 393 50 0.67 27
SU 8217 upper 363 418 60 2.93 37
SU 8217 lower 364 497 70 2.97 54
SU 8220 upper 365 463 50 1.65 31
SU 8220 lower 366 488 40 1.13 29

Table 5. Radiocarbon dating results of Samaca H-8, Trench 3.

)

1.88
1.71
1.87
1.52
1.46

! Vig Vin ; Pb r n
(%) | (%) | (ppm) | (ppm) | (ppm)
026 028 207 1780 5 48 49
047 058 253 3280 4 190 63
053 064 283 3970 21 193 81
028 037 207 5100 4 123 64
026 032 203 2590 4 72 52

Context Radiocarbon Date Calibrated Calibrated Indices
(uncalibrated BP) Unmodelled Modelled (BC/AD)
o A
87.5
Jrom o (%) from to (%) A LP C
Boundary End 997 1194 95.45 97.5
1 8203 861 26 1181 1275 9545 1161 1266 95.45 87.6 99.4
2 8205 847 26 1186 1278 9545 1163 1270 95.45 74.3 99.3
3 8208 996 26 1026 1154 95.45 1061 1210 95.45 78.9 99
4 8214 920 27 1047 1225 9545 1071 1225 95.45 111.9 99.9
5 8217 896 28 1054 1269 9545 1150 1230 95.45 107.9 99.8
6 8218 943 28 1045 1215 9545 1060 1219 95.45 106.7 99.7
7 8219 946 28 1045 1214 9545 1056 1218 95.45 103.7 99.7
Boundary Start 1180 1334 95.45 98

Note: BP (Before Present); BC (before Christ); AD (after Christ).

action (normally with blown sand). This is seen in
distinct stratigraphic units located in the deepest
sections of Trench 3, which present thick layers
of sand (see Figure 8 and 10, Arce et al., 2013;
Chauca et al., 2017).

Soil reaction of the Samaca H-8 contexts range
from neutral to moderately alkaline, which in turn
influences the low amounts of some elements such
as Zn and Fe. Although the amounts of phospho-
rus in this type of alkaline soils are often low due to
the characteristics of the surface (rich in nutrients,
calcium carbonate fixation, among others) and
the activities that take place in them, in this case,
the samples show high values. However, the low

amounts of other elements suggest the presence of
poorly soluble mineral components in these soils,
as confirmed by the micromorphological obser-
vations that accounts for poorly developed soils
mainly presenting abundant coarse to fine sand
grains.

Finally, geoarchaeological analyzes point to the
transformation of the environment affected by a
gradual process of aridification, with long dry
periods and considerable wind activity, prevailing,
at least, from the end of the Middle Horizon (c.
AD 900) until the first occupation of Samaca H-8
around AD 1000 (see Table 5). Micromorpholog-

ical analyzes in the Samaca H-8 sequence reveal
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that the levels prior to its occupation are inter-
rupted by c. 20-60 cm thick layers of fine-medium
sand. These appear to be reworked, transported
and re—deposited channel bed deposits, and could
indicate conditions of greater aridity in the valley
system around the end of 1st millennium AD.

These dated observations provide comple-
mentary and corroborative evidence of drier and
stronger erosive effects in the system, which could
be associated with the onset of more severe El
Nifio conditions over the past 1000-2000 years
(Beresford—Jones ¢t al, 2009b; Beresford—Jones,
2014; Santana et al., 2021). However, they are also
likely linked to the exposure of the landscape due
to the deforestation and destruction of the riparian
woodland mainly during the Late Nasca (AD 440—
640; see Unkel et al., 2012) and subsequent Middle
Horizon periods (Beresford—Jones et al., 2009a;
Beresford—Jones, 2014). Likewise, geochemical and
physical analyzes reflect the existence of surfaces
affected by dynamics of high degradation or envi-
ronmental and climatic instability.

6. Conclusions

The ecological relationships between environ-
mental features and anthropogenic actions have
become a fundamental line of research to under-
stand the long and complex histories of different
territories.

The above sections have tackled this subject
using a case study from the past, an ancient com-
munity of the southern coast of Peru recorded
by archacologists as Samaca H—8. The geoar-
chacological analyses carried out on the deep
foundational contexts of Samaca H-8 site suggest
degraded and unstable surfaces, perhaps due to a
dynamic of severe landscape and environmental
change prevailing in the Samaca basin towards
the end of the Middle Horizon just before the
site. was founded at around AD 1000 at the
start of the Late Intermediate Period. Based on
the evidence provided above, this situation is
reflected in poorly developed soils observed both

Depth cm

in the field, and in thin sections and low mag-
netic susceptibility signals. Likewise, pH ranges
indicate the existence of soils with a tendency to
form calcretes and calcium carbonates as part of
a long period of drying under arid conditions,
alongside low amounts of elements such as Ie
and Mn.

The radiocarbon data presented demon-
strates that the construction and first occupation
of Samaca H-8 (or at least its westernmost part)
took place during the transition from the end of
the Middle Horizon to the Late Intermediate
Period.

This time was, it seems, marked by environ-
mental dynamics and drastic landscape change
towards more arid conditions, and with the
recurrent deposition of wind—blown materials,
perhaps due to a lack of protection offered by a
riparian dry forest cover. Thus, this paper shows
that whereas those changes in the landscape
and environment of the basins of the Lower
Ica Valley took place in times prior to the Late
Intermediate Period and were caused by natu-
ral processes, they were probably triggered by
anthropogenic actions such as the removal of
riparian vegetation.
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