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Characterizing raw material of stone tools used by Late Neolithic and Copper Age communi-
ties is important for interpreting access to available sources and establishing regional routes
of distribution. Ichnological analysis may be used to help characterize lithic material and deter-
mine the source of artifacts. Here we report for the first time the existence of trace fossils in
artifacts from the Late Neolithic and Copper Age of southern Spain. Ichnological analysis indicates
a trace fossil assemblage consisting of relatively scarce small-sized Chondrites and abundant
Phycosiphon. A regional survey of natural outcrops and chert quarries indicates the presence of
discrete trace fossils only in the samples from geological formations that are part of the Campo
de Gibraltar Complex. Ichnological composition in these samples is similar to that discerned
in the artifacts and suggests that this was the probable source of the chert used in tool man-
ufacture. © 2010 Wiley Periodicals, Inc.

INTRODUCTION

Chert or flint artifacts are relatively abundant among archaeological objects from
prehistoric sites. The identification of geological sources for chert tools is of special
interest to archaeologists for understanding the supply of raw materials and the trans-
port or exchange of objects. Characterization of raw material in artifacts is usually
based exclusively on visual methods of analysis to avoid any alteration of these
objects. In the case of chert, characterization can be approached on the basis of dif-
ferent visual macrogeological features (i.e., color, aspect, transparency, fracture,
presence of inclusions, etc.). This visual approach has thus far proven insufficient,
however, and in recent years additional criteria have been applied to characterize
siliceous rocks including sedimentary petrography (Séronie-Vivien & Séronie-Vivien,
1987; Delange, 2003; Odell, 2004) and geochemical analysis (McDonnell, Kars, &
Jansen, 1997; Malyk-Selivanova et al., 1998; Bressy, 2003; Eerkens et al., 2007; Milne,
Hamilton, & Fayek, 2009). Unfortunately, most of these methodologies entail a major
disadvantage: the partial destruction of the archaeological piece.
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Ichnology is the study of traces, as structures produced in rocks and sediments
by the life processes of organisms (Bromley, 1996:xv). A trace fossil is defined as
“amorphologically recurrent structure resulting from the life activity of an individual
organism (or homotypic organism) modifying the substrate” (Bertling et al., 2006:266).
From an archaeological perspective, traces include signs of human biology such as
footprints (Roberts & Berger, 1997; Facorellis, Kyparissi, & Maniatis, 2001; Zhang &
Li, 2002; Mietto, Avanzini, & Rolandi, 2003; Webb, Cupper, & Robins, 2006; Bennett
et al., 2009) and feces (i.e., Callen, 1969; Bryant, 1974; Bryant & Williams-Dean, 1975;
Reinhard & Bryant, 1992), as well as signs of predation (bite and gnaw structures).
However, signs of human technology and pathological structures are not considered
traces. Hominid artifacts are excluded because it is impractical to claim a trace fos-
sil nature for archaeological objects, and pathological structures such as tumorous
swellings of bones, caries in teeth, osteoporosis, healed injuries of bones, and so
on, are more properly considered as objects of palaeopathology (Bertling et al.,
2006).

Ichnology is rarely applied in archaeological research, and the potential archae-
ological value of trace fossils is not well known. As pointed out by Gautier (1993),
the application of ichnofossils in archaeozoology is usually limited to marks left by
animals and people on animal bones, with special attention to hominids. However,
ichnological analysis can be of greater significance to archaeological research, espe-
cially when one is limited to direct, nondestructive observation of stone artifacts. Here
we present, for the first time, the application of trace fossil analysis in archaeologi-
cal research to characterize chert used in stone tool manufacture from the Late
Neolithic and Copper Age (ca. 3500-2300 BC) of the southern Iberian Peninsula
including a preliminary analysis of the source area.

USE OF CHERT IN TOOL PRODUCTION IN SOUTHERN IBERIA

Archaeological evidence from Neolithic sites in the southern Iberian peninsula indi-
cates a semisedentary way of life in dispersed villages. This settlement pattern
changed ca. 4000-3500 BC to a higher frequency and concentration of farming
villages (Nocete, 2001; Molina & Camara, 2005), characterized by enclosures and
circular huts with pit structures. This was followed in the Copper Age by the appear-
ance of large towns featuring complex defensive systems or walled settlements, as
recognized in the well-known site of Los Millares (Figure 1). This site contains the
greatest and best-preserved stonewall from the Copper Age in the European conti-
nent (Molina & Camara, 2005). Moreover, increased social complexity at Los Millares
is inferred from craft specialization and the appearance of copper metallurgy. These
important developments date ca. 3500 to 2300-2200 BC (Castro, Lull, & Mic6, 1996;
Molina et al., 2004; Camara, Molina, & Afonso, 2005).

Another important cultural trait associated with the Late Neolithic and Copper Age
from southern Iberia is blade technology (Figure 2) and bifacial flaked stone artifacts
(the so-called halberds) of siliceous rocks demanding highly skilled manufacture
(Morgado & Pelegrin, 2006; Pelegrin, 2006; Morgado et al., 2008). Specifically, the
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Figure 1. Geological map of southern Spain showing selected geological outcrops (stars) in the Median
Subbetic, Campo de Gibraltar Complex, and archaeological sites (triangles) discussed in the text. Selected
outcrops in the Median Subbetic include Gallumbares (GALL), Malaver (MAL), Puerto del Zegri (PZE), Cerro
del Reloj (CRE), and Loma de Los Pedernales (LPE). Selected outcrops in the Campo de Gibraltar Complex
include the Ardite (ARD), Cerro Alcolea (ALC), and Valle del Turén (VT) areas in the Betic Cordillera.
Archaeological quarries located in the Valle del Turén include Canchal Herrizas del Carnero (CHC),
Castillo del Turén (CTR), El Chorrito (ECH), Espildora (ESP), La Galeota (LGA), Puerto de Los Martinez
(PLM), and Los Reconcos (REC). Archaeological sites are Los Castillejos de Montefrio (Granada, MO),
Cortijo de la Merced (Loja, Granada, CM), Torre Melgarejo (Jerez, Cadiz, TR), and Los Millares (Santa Fe
de Mondujar, Almeria, LM).
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Figure 2. (a) Lithic reduction sequence of blade technology from the Late Neolithic and Copper Age in
the southern Iberian Peninsula. (b) Chert core of blades. (c¢) Large chert blade.

general features of blade production in southern Spain have only recently been elu-
cidated (Martinez Fernandez, 1997; Martinez Fernandez & Morgado, 2005; Pelegrin &
Morgado, 2007; Morgado et al., 2008). Technically, prismatic preforms were obtained
from chert cores before blade extraction. Preforms had several lateral crests for the
purpose of guiding later blade extraction through pressure knapping (Figure 2).
Pressure could be applied either manually or through a lever pressure system in the
case of large blades. Such technology required high-quality, cryptocrystalline geo-
logical material.

GEOLOGICAL SOURCES

A few natural chert outcrops exploited for blade and bifacial flake technology have
been documented in southern Spain. These sites display lithological variability and can
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be classified into two distinctive petrological groups: siliceous volcanic acid rocks and
sedimentary detritic rocks formed through diagenetic silicification (Ramos Millan, 1997;
Nocete et al., 2005; Martinez Fernandez et al., 2006). Siliceous rocks of sedimentary
origin can be found in several areas within the Betic Cordillera of southern Spain, which
corresponds to the westernmost Alpine Mediterranean chain, occupying a belt ca. 600 km
long and 200 km wide (Garcia-Hernandez et al., 1980). Two main geological realms are
usually differentiated—the Internal and the External Zones, separated by the Campo
de Gibraltar Complex (Vera, 2004, and references therein; Figure 1). In the External
Zone, a first major subdivision is between the Prebetic Zone, characterized by shallow-
water facies, and the Subbetic Zone, mainly consisting of pelagic facies. The Subbetic
Zone records a well-defined submarine topography, with deep subsiding troughs (Median
Subbetic) and moderately deep high-bottom and/or submarine plateau areas (External
and Internal Subbetic). The Campo de Gibraltar Complex (the so-called flysch units)
consists mostly of allochthonous Paleogene and lower Miocene flysch sediments, but
Cretaceous rocks also occur locally (Martin-Algarra, 1987). The flysch units comprise
clayey and sandy sediments, locally conglomeratic, that were deposited in deep-water
environments or flysch troughs.

MATERIALS AND METHODS

Flaked stone material analyzed during our investigation came from archaeo-
logical sites in Los Castillejos de Montefrio (Granada), Cortijo de 1a Merced (Loja,
Granada), Torre Melgarejo (Jerez, Cadiz), and Los Millares (Santa Fe de Mondujar,
Almeria) (Figure 1; Table I). We also analyzed debitage from chert quarries in the
region. To date, 14 chert mines associated with specialized lithic workmanship
have been recognized in the Betic Cordillera (Fernandez & Marquez, 1985; Ramos
Muiioz, Espejo, & Cantalejo, 1986; Vallespi et al., 1988; Ramos Muioz, 1997; Aguayo &
Moreno, 1998; Martinez Fernandez et al., 2006), belonging to the Median Subbetic
and the Campo de Gibraltar Complex (Figure 1). Selected outcrops and chert quar-
ries in the Median Subbetic visited during this investigation include Gallumbares,
Malaver, Puerto del Zegri, Cerro del Reloj, and Loma de Los Pedernales. In the
Campo de Gibraltar Complex, selected outcrops and chert quarries include Ardite,
Valle del Turén (Canchal Herrizas del Carnero, Castillo del Turén, ElI Chorrito,
Espildora, La Galeota, Puerto de Los Martinez, Los Reconcos), and Cerro Alcolea.
We selected raw material and debitage from nine of the chert quarries for analy-
sis (Table I).

Ichnological analysis of artifacts is based on nondestructive, detailed macro- and
microobservations (Figures 3 and 4). For these pieces, we determined trace-fossil fea-
tures and qualitative data (dimensions, abundance, orientations, and densities of
traces) with as much accuracy and precision as possible, photography being a fun-
damental technique of documentation. Highly detailed observations were focused on
filling material (composition, grain size, and color), geometry, burrow boundary with
the surrounding sediment, and crosscutting relationships. To enhance ichnological
features, the surface of the archaeological piece was wetted with water.
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Figure 3. Blade core at Los Castillejos de Montefrio (MO) showing Phycosiphon structures, with
detail of paired tubes (lower left) and curved small lobe (upper right).

In the chert quarry samples, specimens of trace fossils were characterized, and
ichnofabric analysis included all aspects of the texture and internal structures due
to bioturbation at all scales. In this case, samples were cut and their fabrics studied
in detail on the variably oriented polished surfaces. The surfaces were oiled in order
to improve color contrast and to facilitate the analysis of ichnological details (mod-
ification of the Bushinsky oil technique; Bromley, 1981).

Microscopic analysis of the biogenic structures (e.g., fill material and burrow
boundaries) registered in the raw material, debitage, and flaked artifacts was per-
formed at the Department of Stratigraphy and Paleontology of the University of
Granada with a Leica MZ12, 12.5:1 zoom stereomicroscope; close-up photomicro-
graphs were taken with the Ricoh R3 single-lens reflex camera.

RESULTS

Monotonous lithological composition of the chert composing both archaeologi-
cal pieces and rock samples impeded recognition of any distinctive stratigraphic
features. Nonetheless, detailed ichnological analysis revealed patterns suggestive
of source. First, several artifacts contain discrete trace fossils. The trace fossil assem-
blage is little diversified, with two ichnotaxa being differentiated: Chondrites (reg-
ularly branching tunnel systems consisting of a small number of master shafts open
to the surface which ramify at depth to form a dendritic network) and Phycosiphon
(planar, horizontal, or oblique lobate spreiten structures encircled at least partially
by a marginal tunnel). All the registered biogenic structures are filled with fine-
grained, dark sediment (Figure 3).

Comparison between raw material from outcrops and chert quarries located in the
Median Subbetic with those from the Campo de Gibraltar Complex shows a clear dif-
ferentiation, with the absence of discrete trace fossils in the former and the presence
of distinguishable biogenic structures in the latter (Figure 4). Moreover, the trace fos-
sil composition registered in the samples from the Campo de Gibraltar Complex
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Figure 4. Binocular zoom microscope (Leica zoom 2000) images (20X) of Phycosiphon structures
from chert quarry at Cerro Alcolea (ALC).

shows no significant differences with respect to that recognized in the archaeolog-
ical pieces.

Ichnological features of the registered trace fossils allow taxonomic classification
at the ichnogenus level and tentatively at the ichnospecies level. Chondrites appear
as patches of circular to elliptical spots and short bars with occasional branches,
which are ca. 1 mm wide and 5 mm long. Only fragments of burrow systems were
observed, corresponding to cross sections of the branched tunnel system filled with
dark material. This trace is relatively scarce and mainly registered in the rock sam-
ples from all the selected outcrops in the Campo de Gibraltar Complex.
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Numerous structures of Phycosiphon are registered in patches, oriented ran-
domly. Curved small lobes (less than 5 mm wide) and dark, fine-grained cylindrical
to circular cores (less than 1 mm in diameter) are differentiated (Figures 3 and 4).
Cylindrical cores are usually slightly curved. Dark filling of the core is surrounded by
lighter-colored material. Usually cross sections reveal that the tubes are paired (2-3 mm
in width); only occasionally is the space between tubes filled with reworked mantle
material; this implies the presence of a spreite. This trace is comparatively abun-
dant, being registered in all the studied archaeological pieces, as well as in rock sam-
ples from all the selected outcrops in the Campo de Gibraltar Complex.

DISCUSSION

Chert used to produce artifacts has been traditionally characterized on the basis
of the integration of macro- and micro-observations including palaeontological, min-
eralogical, or geochemical features, among others. Yet no attempts to differentiate
the traces produced by organisms in archaeological chert have been documented.
Our study of chert artifacts of the Late Neolithic and Copper Age of southern Iberia
(ca. 3500-2300 BC) and rock samples from natural outcrops and quarries located in
the Median Subbetic and Campo de Gibraltar Complex represents a new approach
to characterizing archaeological chert that includes ichnological analysis. This
approach is particularly favorable for archaeological research where one is limited
to nondestructive methods of analysis and allows for the addition of new variables
(trace fossil data) to characterize the material.

We believe that the obtained ichnological data are highly informative in several
ways. Of the several chert quarries associated with specialized lithic workmanship
recognized in the Betic Cordillera, only samples belonging to the Campo de Gibraltar
Complex contain distinguishable trace fossils; those from the Median Subbetic lack
discrete biogenic structures. Comparison between trace fossils differentiated in
the artifacts and those registered in the rock samples and quarry debitage from the
Campo de Gibraltar Complex reveals a similar trace fossil composition, with only
minor differences in their relative abundance (Figures 3 and 4). Phycosiphon is com-
paratively abundant, being present in all the studied samples (artifacts and raw mate-
rial), while Chondrites are comparatively scarce and mainly recorded in the raw
material. This may be due to lower presence of Chondrite trace makers, together with
the small size of the flaked artifacts and debitage, which makes it difficult to record
comparatively large traces (Chondrites).

As a preliminary interpretation, the similarity between trace fossil compositions
registered in flaked artifacts from Los Castillejos de Montefrio, Cortijo de la Merced,
Torre Melgarejo, and Los Millares and in rock samples and debitage from quarry sites
suggests that the geological source for the chert belongs to the Campo de Gibraltar
Complex (Betic Cordillera, southern Spain) rather than the Median Subbetic. The
comparatively abundant record of Phycosiphon, usually recognized in flysch deposits
(Wetzel & Bromley, 1994; Uchman, 1995), matches materials belonging to the Campo
de Gibraltar Complex, dominated by turbiditic sediments deposited in deep-water
environments. This is congruent with previous interpretations of provenience based
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on lithic technology. In the quarries of Campo de Gibraltar, chert nodules were trans-
formed into preforms for blade extraction by means of two anterolateral crests that
would later guide the first extractions. In most cases the posterior side of cores and
preforms was not knapped,; this left the natural surface untouched or flat.

CONCLUSIONS

Raw material characterization of flaked tools used by Late Neolithic and Copper Age
communities is important for assessing access to source material and understanding
regional routes of distribution. Preliminary research presented here underlines the
usefulness of ichnological analysis in characterizing chert material composing archae-
ological pieces, thereby opening new opportunities in determining the original source
area of this material.

Ichnological analysis based on nondestructive, detailed micro- and macro-
observations of artifacts from sites and burials located in the southern Iberian Peninsula
dating to the fourth and third millenniums BC reveals the existence of distinctive trace
fossils. Similar analysis performed on rock samples and debitage from selected quar-
ries located in the Betic Cordillera of southern Spain indicates an absence of discrete
biogenic structures in samples from the Median Subbetic and their presence in those
from the Campo de Gibraltar Complex. Trace fossil composition consists of scarce
small-sized Chondrites, mainly registered in the rock samples, and abundant
Phycosiphon, recorded in both the archaeological and rock samples. The similar ich-
nological composition of the artifacts and rock samples from chert quarries suggests
that outcrops of flysch units in the Campo de Gibraltar Complex were the source for
the chert composing the artifacts. The frequent record of Phycosiphon in flysch deposits
agrees with the character of rock units belonging to the Campo de Gibraltar Complex,
dominated by turbiditic sediments deposited in deep-water environments.

The ichnological characterization of chert from the ancient quarries of the Campo
de Gibraltar Complex likewise allows for differentiation from other quarries located
in southern Iberia. Flint knappers appear to have preferred chert from quarries
belonging to the Campo de Gibraltar Complex, regardless of distance to settlements,
as it provided the most valuable material for the production of tools such as blades
and halberds.

This research underlines the potential of ichnological analysis in archaeological
research, as a new tool for characterizing certain types of lithic material and thereby
providing new opportunities for determining provenience.

This research was supported by projects CGL2005-01316/BTE, CGL2008-03007/CLI, HUM2006.13635/HIST,
and PO6-HUM-01658 and the RNM-3715, RNM-178, and HUM-274 groups. We thank the anonymous review-
ers for comments and suggestions leading to a significantly improved manuscript.
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