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a b s t r a c t

Deciphering human activities in archaeological sites is a priority issue in archaeological studies, never-
theless its geochemical fingerprints on sediments are poorly known. In sites belonging to the recent
prehistory these geochemical signals have been taken into account, but in oldest sites this subject has not
been studied sufficiently.

The aim of this paper consists on tracking geochemical proxies that can be attributed to anthropogenic
processes in endokarstic Pleistocene deposits. Recognize these elements can be a key factor in order to
explore the potential of non-excavated archeological levels and find out activities performed in those
sediments more accurately. For that purpose a MiddleeUpper Pleistocene endokarstic deposit (Cueva del
�Angel) belonging to the Iberian Peninsula has been chosen. This site provides numerous evidences of
human activities, as butchering and cooking of predated animals or the habitual use of fire throughout its
main stratigraphic sequence.

This geochemical/archaeological approach highlights that the upper units consist of anthropogenic
influenced sediments, while the lower unit shows a greater percentage of geogenic inputs. Based on P
and ZneCueSr, several levels with higher anthropogenic inputs have been identified. These two attri-
butes can be suggested as proxies of human activities for this site. High values of P appear to be linked
with “butchering highly occupied” levels, and high levels of ZneCueSr seem to be related with fires. This
geochemical information has been compared and tested with previous archeological information.

© 2016 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

Cave deposits are one of the most important archives in the
geological record to infer past events, including anthropogenic
ones, as they are unique environments preserving sediments
derived from an assortment of geological and human processes
(Goldberg and Sherwood, 2006). They can provide not only sub-
stancial information on the climatic and geomorphological history
of the cave itself and its surroundings (Karkanas and Goldberg,
2013), but also a wealth of contextual information for interpret-
ing the archaeological remains and the human role in the formation
of the endokarstic deposit (Goldberg and Sherwood, 2006).

Although it has long been recognized that the study of artifacts
without regard to their context is of limited value in archaeological
interpretation (Schiffer, 1972, 1983), traditionally the attention has
focused on archaeological remains like lithic tools or fossil bones,
and only recently has systematic classification of cave sediments
been proposed (Ford and Williams, 2007; White, 2007; Trappe,
2010).

The clue for a correct overall palaeoanthropological interpreta-
tion of a sitewill be a suitable characterization of cave sediments, as
well as being able to differentiate geogenic sediments from
anthropogenic ones. The geochemical characterization of sedi-
ments could be so helpful on deciphering the “anthropogenic de-
gree” of a sedimentary level and deposit evolution, being
commonly applied in lacustrine environments (García-Alix et al.,
2013) and historical archaeological sites (Kawahata et al., 2014).
In prehistoric sites, macroscopic physical features still represent the
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primary evidence of human occupation, although their distribution
could be very patchy as many activities produce few (if any), while
geochemical indicators which are directly related to occupation
itself are more homogeneously deposited (Schlezinger and Howes,
2000; Monge et al., 2015) (e.g. ashes).

The overall relation between archaeology and geochemistry can
be described as the enrichment or depletion of certain elements in
sediments through the act of human occupation (Oonk et al., 2009).
Traditionally, geochemical analysis of sediments have been used to
confirm, deny, or expand the results achieved through other tech-
niques (Popenoe, 1959; Cowgill, 1961; Cowgill and Hutchinson,
1963). Recently, the rise of high resolution non-destructive tech-
niques (e.g. XRF-Scanners) combined with equipment portability
(e.g. portable LIBS) and price reduction, offered the possibility to
applicate these methods to climate and archaeological records (e.g.
Marwick, 2005; Finlayson et al., 2006;Wilson et al., 2008; Skaberne
et al., 2015). Geochemistry has become not only a characterization
tool, but also an exploration one, as a possible primary step in the
development of an excavation strategy (e.g. Parnell et al., 2001;
Wilson et al., 2008).

These advances and the difficulty of the interpretation of
geochemical data as proxies (Wilson et al., 2008), justify the re-
evaluation of the relationship between geochemical and archaeo-
logical data, and between different elements as indicators.

The relatively low number of sites that have used geochemistry
to address archaeological questions, include the Amerindian site
Cape Cod (Schlezinger and Howes, 2000), where a comprehensive
study of an anthrosol from the last glacial period reveals the utility
of organic P and elemental ratios in delineating human occupations
in sandy, acidic soils. Also, the prehistoric archaeological sites at
Ban Non Wat and Nong Hua Raet in Thailand (Kanthilatha et al.,
2014), from at least 4000 BP, revealed P, Ca an K as key anthropo-
genic elements which reflect the occupation intensity of ancient
people in different floor surfaces.

In Guatemala, during Maya period, two sites has been
geochemically studied. Piedras Negras site (Parnell et al., 2002),
where elevated levels of Ba, P and Mn were found to be associated
with areas of organic waste disposal whilst Hg and Pb concentra-
tions were associated with craft production areas. At Las Pozas
(Fern�andez et al., 2002), high levels of P, K, Mg and pH were related
with food preparation areas, as well as high P concentrations and

low pH with food consumption areas. During historical periods,
geochemical studies mainly focused on Pb, Hg and other metal-
related smelting activities (Kawahata et al., 2014), pigments
(Emslie et al., 2015) or farming activities that can be recognized by
Ca, Sr, P, Zn and Cu concentration patterns linked to charcoal and
bone mediated for late 1800s farms (Wilson et al., 2008).

As geochemistry has not been used systematically at old pre-
historic contexts (Oonk et al., 2009), this study focus on decipher-
ing geochemical proxies which could be used to identify human
activities. For that purpose Cueva del �Angel (Spain) has been chosen
because it provides numerous macroscopic evidences of human
activities (mainly fossil bones and lithic tools along the strati-
graphic sequence). This paper also aims to review different ele-
ments and consider their validation as anthropogenic/geogenic
proxies related to archeological sites located in caves.

2. Cueva del �Angel

Cueva del �Angel is located in the south of the Iberian Peninsula,
near the town of Lucena in the province of C�ordoba (Spain). The
cave is situated at an altitude of 620 m above sea level (37�220N,
4�280W) on the foothills of the Sierra de Araceli (Fig. 1).

From a geological point of view, this cavity is hosted in a
Mesozoic carbonate unit composed of limestone and dolostones
(Lower and Middle Lias), belonging to the Betic Ranges (L�opez-
Chicano, 1990). Nowadays, the roof and walls are partially
collapsed. Thus, the archaeological site is located on an open-air
platform measuring around 300 m2 with a strong slope south-
wards (Monge et al., 2014).

The most complete stratigraphic profile, named J/K, presents
twenty stratigraphic levels organized in three stratigraphic units.
They have been differentiated on the basis of lithology, colour,
texture, structure, coarse fraction percentage, porosity and occur-
rences of archaeological material. Detailed stratigraphic de-
scriptions and mineralogical results can be found in Botella et al.
(2006), Barroso et al. (2011), Monge (2012) and Monge et al.
(2014). The major traits are summarized in Table 1.

In a previous study, Barroso et al. (2011) state that the faunal
assemblage dominated by Equus ferus, large bovids and cervids has
been subjected to intense human actions reflecting selective pre-
dation (fragmentation of the bones for marrow extraction with an

Table 1
Mainly descriptive and mineralogical features from J/K stratigraphic levels and location of geochemical samples at sedimentary levels.
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