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ABSTRACT. The Palaeolithic record of the
interior of the Iberian Peninsula, the central
Meseta, is still relatively poorly documented.
In this article we report the results of a pre-
liminary, stratified survey conducted in the
eastern part of the province of Guadalajara
during 2009 and 2010. The survey enabled
us to identify a series of Middle and Upper
Palaeolithic sites in an area where no pre-
viously recorded Palaeolithic sites exist.
These results, in turn, are used to propose a
predictive model of archaeological potential
that will guide further surveys in the target
region.

REsuME. L’histoire de 'occupation paléo-
lithique de I’'intérieur de la Péninsule
ibérique, la Meseta centrale, est encore
méconnue. Une prospection archéologique
menée de 2009 a 2010 dans la zone Est de
la province de Guadalajara nous a permis
d’identifier une série inédite de sites du
Paléolithique moyen et supérieur dont nous
présentons les plus significatifs ici. Ces résul-
tats nous permettent également de formuler
un modele prédictif de potentiel archéolo-
gique qui guidera les prospections futures
dans cette région.

OUR KNOWLEDGE OF THE PAL-
aeolithic record of the central
Meseta, the highland plateau located
in the interior of the Iberian Peninsula
(Figure 1), is uneven both in spatial
and chronological terms. The contrast
between the rich archaeological record
of coastal Iberia, and the much sparser

record of the interior, has led to the
suggestion that the central Meseta suf-
fered periodic population declines
during prehistory, particularly during
the Middle and Upper Palaeolithic. The
continentality of the region, its relative
elevation, and mountainous character
(the Cantabrian Cordillera bordered by
the Sierra Morena and Sistema Ibérico
with the Sistema Central at its heart) are
sometimes evoked as factors affecting
the distribution of human populations,
particularly during colder periods of the
Late Pleistocene.
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FIGURE 1. Survey region (eastern Guadalajara province) showing municipalities where surveys

were undertaken (2009, 2010). Inset: Location of Guadalajara within the Iberian Peninsula.

Recent fieldwork has added sig-
nificantly to the existing archaeological
record of the central Meseta, altering
our perception of population dynamics
during the Palaeolithic period in the
region. The distribution of research
effort in the central Meseta remains
somewhat uneven, however, with some
regions—such as the province of
Burgos—receiving more attention than

others. This is due to significant discov-
eries made at Atapuerca (at Gran Dolina
and Sima de los Huesos) during the late
twentieth century which, among other
things, provided a key to our current
understanding of the initial Lower Palae-
olithic occupation of the European con-
tinent (Aguirre 2001; Carbonell et al.
1995; Lopez-Garcia et al. 2010; Mos-
quera et al. 2013). Other important dis-
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coveries in the Central Meseta include
well-known sites such as Ambrona and
Torralba in Soria, Aridos in Madrid, and
Pinedo in Toledo (Santonja and Pérez
Gonzalez 2000/2001, 2005).

The Middle Palaeolithic in the cen-
tral Meseta is documented by surface
collections as well as stratified sites
such as Atapuerca (Rodriguez 2004),
Prado Vargas (Navazo and Diez 2008;
Navazo et al. 2005), Cueva Millan
and La Ermita (Moure Romanillo
and Garcia-Soto Mateos 1983), Cueva
Corazon (Sanchez et al. 2011), El
Canaveral (Baena et al. 2008), Naval-
maillo, Pinilla del Valle, and Buena
Pinta (Arsuaga etal. 2011; Navazo and
Diez 2008; Navazo et al. 2005), as well
as sites in the Manzanares and Jarama
River Basins, in the province of Madrid
(Panera Gallego 2010; Rubio 2011).

The Upper Palaeolithic is relatively
poorly represented in the central Meseta.
Known sites include: the early Upper Pal-
aeolithic site of Valle de las Orquideas
(Mosquera et al. 2007); El Palomar
(Vega Toscano and Martin Blanco 2006);
the Magdalenian site of Pena de Este-
banvela, Vergara; E1 Monte, near Madrid
(Cacho etal. 2010; Vega et al. 2010); and
Verdelpino and Buendia, in Cuenca (de
la Torre et al. 2007; Rasilla Vives et al.
1996). On the eastern border of the
Meseta, evidence for Upper Palaeolithic
occupations of the Sistema Ibérico has also
recently been reported (Utrilla et al.
2010). In addition to these stratified
archaeological sites, sites with Upper Pal-
aeolithic art are known in the northern
part of the Meseta, including Domingo
Garcia (Ripoll and Municio 1999), La
Griega in Segévia (Corchén 1997) and
placa de Villalba, Soria (Jimeno Mar-
tinez et al. 1990).

Where research effort has been
extended in the central Meseta, new
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discoveries have filled some of the gaps
in our knowledge of the Palaeolithic
settlement of the region. It seems plau-
sible, therefore, to suggest that biases in
the archaeological record of the central
Meseta exist and should be corrected.
In order to act on this suggestion, we
developed a survey project focussing on
the province of Guadalajara, within the
central Meseta, which has a relatively
poorly documented history of Palaeoli-
thic occupation.

The Study Region: Guadalajara
Province
The province of Guadalajara is located
south of Madrid in the very center of the
Meseta (Figure 1). Archaeological sites
dated to the Palaeolithic are relatively
scarce and unevenly distributed in this
region (Malla 1997) and research has
mostly focussed on the Jarama and Sorbe
River Basins, where a series of sites with
relatively short stratigraphic sequences
have been discovered (Garcia et al.
1992). Lower Palaeolithic sites are rare in
Guadalajara despite their relative abun-
dance in the nearby province of Madrid.
Sites such as Jarama I and VI (Alcolea
Gonzalez et al. 1998; Garcia Valero
1997; Garcia et al. 1992), Pena Capén
and Torrejones (Arribas et al. 1995),
and Cueva de los Casares (Barandiaran
1973; Beltran and Barandiardn 1968)
bear witness to the Middle Palaeolithic
occupation of the province. Solutrean
and Proto-Solutrean occupations at Pena
Capon are the earliest known Upper
Palaeolithic occupations, followed by
later Upper Palaeolithic sites such as
Jarama II, El Turismo, Cueva del Reno,
and los Enebrales (de la Torre 2007).
Examples of Upper Palaeolithic parietal
art in Guadalajara occur at Cueva de los
Casares (Barandiaran 1973), Cueva de
la Hoz (Balbin Berhmann et al. 1995;
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Beltran and Barandiaran 1968), El
Reno and El Turismo (Alcolea Gonzalez
and de Balbin Behrmann 2003; Balbin
Berhmann et al. 1995; Chapa 2006)
and mobiliary art is present at Jarama II
(Jorda Pardo and Garcia Valero 1989).

When we began this project in 2009,
however, few Palaeolithic sites were
known in the eastern half of Guadalajara
Province, along the upper reaches of the
Tagus River and its tributaries, the excep-
tion being a Palaeolithic site (referred
to as a “necropolis”) at the place named
“La Olmedilla,” on the slopes above
the Entrepena reservoir, near Sacedon
(Mercado Blanco et al. 2003). We there-
fore chose to concentrate our surveys in
eastern Guadalajara.

The topography in the western part of
the study region around the Entrepenas
reservoir and the village of Sacedén is
relatively gentle; to the east near Molina
de Aragoén the terrain is more rugged
and mountainous. Rockshelters and
caves are rare in the west due to the
nature and composition of the local
bedrock, though limestone formations
occasionally outcrop sufficiently for
small rockshelters and caves to form
(e.g., more centrally, near Arbeteta and
Trillo). Bedrock in the target region
alternates between limestone and sand-
stone, both of which are deeply incised
by river canyons, particularly in the east
where the Tagus and Hoz Seca river
valleys offer good potential for the for-
mation of caves and rockshelters. Flint
nodules outcrop fairly frequently in the
western portion of the target region but
are conspicuously rare in the east.

Methods

Field Surveys
The ultimate goal of this research is to
document the history of Palaeolithic

occupation of eastern Guadalajara, a
hitherto relatively unknown part of
the Central Meseta. To this end, we
conducted preliminary field surveys in
2009-2010 to assess the archaeological
potential of the study region and estab-
lish a chronological framework. Results
of the surveys (presence/absence of
archaeological material) are used to
produce an initial predictive model
intended as a guide for the design of
future fieldwork.

The surveys were carried out over
the course of two one-month long field
seasons during the summers of 2009
and 2010, with the aid of funding from
the Social Sciences and Humanities
Research Council of Canada (grant
#401-2009-2240). The initial strategy
for the field surveys was designed with
the aid of geological (IGEO Magma
1:50,000 series) and topographical
(CNIG MTN 1:25,000 series) maps, in
addition to a speleological catalogue
(Fernandez Tabera and Martin Yebra
1982). We systematically targeted loca-
tions where limestone outcroppings
and ancient river terraces are indicated
on the geological maps and randomly
surveyed the interfluves, targeting bluffs
and exploring any ploughed fields or
recently turned soil encountered. We
also targeted caves, using the speleologi-
cal catalogue as a guide.

A total of 198 locations in a variety of
environmental settings were surveyed
by teams of two to four archaeologists
(Figure 1). Survey tracks were system-
atically recorded and all lithic artefacts
encountered were geo-located using
hand-held GPS devices and collected.
A preliminary study of a selection of
the lithic remains was conducted by
Bisson in the summer of 2010 in order
to establish a chronological framework
and assess the potential of the study
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region in terms of the preservation of
archaeological sites; the results of this
study are reported below. Further lithic
analyses are still underway (by J. Maillo
Fernandez and N. Fuertes Prieto) at the
Universidad de Le6n and the Universi-
dad Nacional de Educacion a Distancia
(Madrid).

Spatial Modelling

Spatial modelling of the occurrence of
archaeological remains has been in use
in archaeology since the 1960s, particu-
larly in the field of Cultural Resource
Management where models have been
used predictively for mitigation and
survey design (e.g., Dalla Bona 1994).
Several excellent reviews of the histori-
cal application of spatial modelling in
archaeology are available (e.g., Ebert
2004; Kvamme 2006; Wheatley and Gill-
ings 2004). Spatial models tend to focus
on environmental variables, partly due
to their availability and inherent “mapa-
bility,” though this is less and less the
case (McCoy and Ladefoged 2009). This
focus has led to accusations of environ-
mental determinism (Gaffney and van
Leusen 1995). Environmental variables
(such as elevation, slope, aspect, and
soil type) are often good predictors of
the likelihood of encountering archaeo-
logical remains, however, and have been
shown to have explanatory potential
when examining prehistoric human set-
tlement strategies.

The predictors used in construct-
ing spatial models in archaeology vary
according to the type of model. Models
constructed as tools for assessing archae-
ological potential (predictive models)
do not need to be complicated in order
to be effective (in fact, the reverse is
true) and the use of simple environmen-
tal predictors and modern hydrology is
perfectly justified. More sophisticated
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interpretive (or explanatory) models,
on the other hand, often incorporate
variables that reflect the dynamic pro-
cesses shaping the landscape as well as
human behaviour (Bevan and Conolly
2002). Our goal in this initial research
is to create a simple predictive model of
archaeological site occurrence to assist
in the design of future surveys in the
Central Meseta, rather than develop a
tool for interpreting patterns of pre-
historic land-use. As a result, we use a
small suite of environmental predictors,
supplemented with climate variables.

We use logistic regression to model
the probability of occurrence of archaeo-
logical remains using the presence/
absence of archaeological finds in our
survey region, We compared multiple
candidate models using different com-
binations of climate and geographic
variables (see below). The best model
was selected from amongst the candi-
date models using Akaike’s information
criterion (AIC) (Burnham & Anderson
2002) while also minimizing the vari-
ance inflation factor (VIF), a measure of
correlation among predictor variables
(Boyce et al. 2002).

Model performance was assessed
using the receiver operator curve (ROC)
and the associated metric, area under
the curve (AUC). ROC analysis is a tool
frequently used in predictive model-
ling to assess model performance and
sensitivity (Boyce et al. 2002; Culling-
ham et al. 2012; Fielding and Bell 1997,
Guisan and Zimmermann 2000; Jimé-
nez-Valverde 2012). ROC curves are pro-
duced by plotting the false-positive rate
against the true positive rate at different
thresholds. The area under the ROC
curve (the AUC) is a measure of overall
model performance (i.e., the probability
that the model is making correct pre-
dictions). A series of models were built
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using 60 percent of the full data set and
performance was assessed by comparing
the predicted and observed values for
the remaining 40 percent. Bootstrapped
comparisons were repeated 9,999 times
to generate a distribution of AUC values
using different training data sets. Logis-
tic regression was performed using the
generalized linear models function in R,
and ROC analysis was undertaken using
the ROCR package (Sing et al. 2009).

The geographical predictors tested
are elevation, measured using a 30 m dig-
ital elevation model (ASTER GDEMv2),
slope, aspect (divided into four classes
corresponding to cardinal points of the
compass), and distance to water (using
a cost-surface generated in ARCGIS 10
and the Hydro-1 Kilometer Watershed
Model) with the presence or absence of
lithic artefacts as the dependent variable.
The extent to which existing hydrol-
ogy (used to calculate the distance to
water variable) is a good descriptor for
Pleistocene conditions is unknown, but
since our primary goal at this stage is
to establish a predictive model based
on existing conditions, rather than an
interpretive model, we feel justified in
including this parameter. Furthermore,
the study region is characterised by a
number of deeply incised rivers (e.g., the
Tagus) whose current course is probably
fairly representative of Late Pleistocene
hydrology, though this remains to be
demonstrated.

Two palaeoclimate predictors (aver-
age annual temperature and annual
average daily precipitation) are also
included in the list of predictors tested.
The climate variables were obtained
from a climate simulation produced by
G. Levavasseur (Laboratoire des Sciences
du Climat et de UEnvironnement, Saclay-
sur-Orme, France) for the Late Glacial
Maximum (LGM). The Late Glacial

Maximum represents peak glacial condi-
tions occurring between 19 and 22 kya
(Yokoyama et al. 2000) that potentially
affected the distribution of Palaeolithic
populations in the central Meseta and is
a good proxy for cold phases of marine
isotope stage (MIS) 3 (Heinrich events),
for which downscaled climate simula-
tions are not yet available.

The rationale for including palaeo-
climate predictors at this stage in the
research is to test their potential use
in conjunction with survey data for the
future development of interpretive
models of the study region. Additional
data—i.e., securely dated archaeologi-
cal sites—will be required before the
full potential of these predictors can
be realised. The palaeoclimate vari-
ables were produced by downscaling
the results of a coupled atmosphere-
ocean general circulation model
(AOGCM), the IPSL._CM4. Previous
studies (Vrac et al. 2007; Wilby and
Wigley 2000; Wilby et al. 1998) show
that statistical downscaling methods are
arobust approach to generating climate
variables at a local scale from climate
models. The statistical downscaling was
done following Vrac et al. (2007) using a
Generalized Additive Model (GAM) that
generates expectations for the explained
variable (i.e., temperature or precipita-
tion) from the climatology provided by
the Climate Research Unit (CRU) as
a function of geographical (e.g., topo-
graphical) or physical (i.e., simulated
by IPSL-CM4) large-scale explanatory
variables. GAM was performed in R
(Wood 2006).

Results
Survey Results

The results of this initial phase of our
research confirm the archaeological
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potential of the target region. Almost
without exception, the archaeological
finds are concentrated in the western
portion of the study region (Figure 2).
The majority of the finds are situated
either on bluffs above river valleys,
primarily the Tagus and its tributaries,
or on ancient river terraces. Seventy-
three out of 198 locations surveyed
(Table 1) yielded lithic artefacts for a
total of 1,898 artefacts catalogued to date
(Fuertes et al. 2009, 2010).

Localities with archaeological remains
occur primarily on ancient river terraces,
in sediments composed of cobbles, sand-
stones, clays and marls (e.g., CARRA,

see below), and on bluffs above the river
in detrital sediments resulting from the
weathering of local bedrock (primarily
composed of sandstone). None of the
caves surveyed to date, and only one
rockshelter, yielded artefacts.

Lithic Analysis

Typological and technological analyses
of the three largest lithic assemblages
(Figure 3) were undertaken in order
to determine the range of variation of
archaeological materials encountered
and establish an initial chronological
framework for the archaeological record
of the target region. Preliminary analyses
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FIGURE 2. Survey locations: localities with and without lithic artefacts are mapped against the

cropped digital elevation model (DEM) indicating the portion of the study region used in

the spatial analyses.
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TABLE 1. Results of the 2009 and 2010 surveys, by municipality (see Figure 1); the number

of survey locations (centroids mapped in Figures 2 and 3) and localities with lithic artefacts

(“findspots”) are indicated.

Municipality Findspots

Number of Survey
Locations % Findspots
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of the three assemblages, designated as
archaeological sites (Fuertes et al. 2009,
2010), were undertaken by M. Bisson
(see below). These assemblages were
selected for analysis because of their size
and apparent typological and techno-
logical homogeneity.

The raw material used at all three
locations is almost exclusively local,
occurring as flint nodules commonly
encountered near the sites. Pseudo-
retouch is common and could result
from either geological processes or
agricultural activities leading to sheet
erosion (Barton et al. 1999). Most of
the pieces are dehydrated, which would
have made them relatively fragile and

more apt to suffer post-depositional
damage.

Typologically, the lithic artefacts
indicate occupations spanning from
the early Middle Palaeolithic (CARRA,
see below) to the Middle and Upper
Palaeolithic, including recent Prehistory
(i.e., Neolithic or Chalcolithic).

CARRA (“La Carrascosilla”). CARRA is
located approximately 3 km west of
Sacedon, on alluvial terraces on the
left bank of the Tagus River (more
precisely, the Embalse de Bollarque).
The assemblage (Figure 4) is primarily
composed of flakes and flake fragments
(Figure 4b). Thirty formal tools (9.2
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FIGURE §. The three localities chosen for detailed analysis: CARRA “las Carrascosilla,” SAC6
“Sacedon 6,” and CMA] “Camino de las Majadillas.” All three lithic assemblages were consid-

ered relatively large and typologically homogeneous.

percent of the total) were identified
including notches (23 percent), den-
ticulates (16.7 percent), Levallois flakes,
endscrapers on flake blanks, sidescrap-
ers (13.3 percent), a borer, a Mousterian
point fragment, and a possible Mouste-
rian—cleaver (Figure 4c). The 53 cores
in this assemblage are predominantly
informal types, many of which (20.8 per-
cent) are on very large, thick flakes, the
interior surface of which served as the
core striking platform (Figure 4a). Given
the techno-typological composition of
the assemblage, we provisionally suggest
that it could represent an Early Middle
Palaeolithic occupation.

CANADIAN JOURNAL OF ARCHAEOLOGY 37 (2018)

SACG6 (Sacedon 6). SAC 6 is located about
1.5 km north of the village of Sacedén, in
a swale between two parallel sandstone
ridges at the top of a hill overlooking
the Entrepenas reservoir. Flakes and
flake fragments compose 60 percent of
this collection of artefacts (N=956), but
blades, many of which were obtained by
hard percussion (Figure 5a), also occur
in appreciable numbers (ca. 14 per-
cent). Cores (6.4 percent) are relatively
rare despite the fact that the site is close
to an outcrop of good chert. Formal
tools occur in moderate numbers (4.6
percent) (Figure 5c). Single and double
platform cores intended for the produc-
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FIGURE 4. CARRA (“las Carrascosilla”) lithics: (a) large atypical rabot/single platform core;

(b) unmodified flakes; (¢) Vasconian cleaver with a concave bit.

tion of elongated flakes dominate, but
blade and bladelet cores constitute ca. 20
percent of the collection (Figure bd—e).
There is only one Levallois flake core.
The SAC6 collection is clearly a palimp-
sest, incorporating a Middle Palaeolithic
component (presence of flakes, éclats
débordants, and laminar flakes produced
using hard hammer percussion) and
a numerically more important Upper
Palaeolithic component with blades
and bladelets produced by soft percus-
sion (Figure 5b). Upper Paleolithic
formal tools include simple endscrap-
ers, endscrapers on retouched blades, a
truncated blade and a backed bladelet.

A post-Palaeolithic component may
also be present (possibly Chalcolithic or
Bronze Age). The topography of the site
indicates that it is a sediment trap; it is
therefore possible that there are multi-
ple buried components in SAC6 which
warrant further investigation.

CMA] (“Camino Majadillas”). CMA]J is
located just over 12 km east-northeast
of Sacedo6n on a low ridge between the
Arroyo de la Fuente Gris and the Arroyo
del Tejar, which drain into the Rio Gar-
rigay. The ridge, along which a dirt road
runs, is covered by woods and scrub veg-
etation on one side and is cultivated on
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FIGURE 5. SAC6 (“Sacedo6n 67) lithics: (a) elongated flake with a distal burination; (b) blade;
(c) compound notch on a flake; (d) blade core; (e) prismatic bladelet core.

CANADIAN JOURNAL OF ARCHAEOLOGY 87 (2013)



ARCHAEOLOGICAL SURVEY IN EASTERN GUADALAJARA PROVINCE, SPAIN e 59

the other. A 25 m wide transect on either
side of the road was surveyed for the full
length (ca. 500 m) of the ridge yielding
249 artefacts, mostly from the wooded
side of the ridge.

All of the diagnostic tools and most
of the cores are Middle Palaeolithic
types and technological attributes
also point to the Middle Palaeolithic.
Flakes and flake fragments dominate
(75.5 percent); the total of formal tools
is 12.4 percent (Figure 6b, d, e) and
notches (35 percent) and denticulates
(30 percent) dominate the retouched
pieces (Figure 6¢). Levallois cores are
the most common, followed by casual
forms (Figure 6a). Given the relatively
high frequency of formal tools in this
assemblage, it is possible that this local-
ity represents a palimpsest of Middle
Palaeolithic occupations on a ridge that
offered a panoramic view of the sur-
rounding countryside.

In summary, there is a clear Middle
Palaeolithic signature in the lithic
assemblages examined to date, based
on the production of flakes using hard
hammer percussion and the use of Dis-
coid and Levallois technology, as well
as the dominance of retouched pieces,
notches and denticulates among the
tools. It is possible that the CARRA
assemblage corresponds to the Early
Middle Palaeolithic, as indicated by the
presence of a cleaver and cores on large
flakes that can be classified typologi-
cally as atypical rabots. CMA] is charac-
teristic of the Middle Palaeolithic on
typological and technological grounds
and a Middle Palaeolithic component
is present at SAC 6. However, the
bulk of the assemblage from SAC 6 is
attributable to the Upper Palaeolithic,
given the relatively high percentage of
blades and bladelets produced by soft

percussion.

Spatial Analysis

Having established that the target
region has considerable archaeological
potential, the next step in our research
programme was the construction of a
spatial model to describe the pattern
of archaeological occurrences quantita-
tively using logistic regression.

The best model for the prediction
of archaeological occurrences (Table 2:
model 6) includes elevation and slope
as predictors. Model performance of
Model 6 was assessed using bootstrapped
estimates of the area under the ROC
curve (AUC). Using 9,999 bootstrapped
comparisons involving 60 percent and
40 percent testing data, we calculated
a mean AUC of 0.8445 (SE=0.00034)
which indicates that the selected model
provides a correct prediction of archaeo-
logical potential 84 percent of the time.
This model can now be applied to the
full extent of the target region (eastern
Guadalajara province) to produce an
initial predictive model of archaeologi-
cal potential (Figure 7).

Two palaeoclimate variables (average
annual temperature and precipitation
during the LGM) were included as
predictors in a separate run of models.
Although average precipitation was
quickly discarded as a predictor, average
annual temperature proved to be a good
predictor (Figure 8). Temperature is cor-
related with elevation, however, which is
already included in our logistic model.
This correlation is to be expected given
empirical data (temperature gradients
increase with increased elevation) and
the methodology used to produce the
downscaled climate results (the GAM
incorporates topography). Including
climate predictors at this stage was a
useful exercise, however, since it dem-
onstrated their potential. We hope that
future fieldwork will yield sufficient
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FIGure 6. CMAJ (“Camino Majadillas”) lithics: (a) centripetal recurrent Levallois core;
(b) proximal end of a broken Levallois blade; (c) denticulate; (d) elongated Levallois flake;
(e) pseudoLevallois point (notch on distal right margin is probably post-depositional damage).

archaeological data to enable us to test
the full range of predictors and develop
interpretive models of patterns of land
use in the Central Meseta during the
Late Pleistocene. We are currently work-
ing on a downscaled climate simulation
for MIS 3 as well as an expanded survey.

CANADIAN JOURNAL OF ARCHAEOLOGY 87 (2013)

Discussion
Visual assessment of the distribution of
survey locations suggests that archaeo-
logical finds occur at lower elevations
(Figure 2). The predictive model
(above), which includes elevation and
slope as predictors, confirms this impres-
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F1GURE 7. The archaeological predictive model for eastern Guadalajara province. “Hot”

colours indicate high potential for the discovery of surface finds.

sion (Table 2). The mean elevation of
survey locations with artefacts is 751 m
above sea level (asl) (min: 619 m asl;
max: 1,225 m asl) compared with a mean
elevation of 1,092 m asl (min: 538 m
asl; max: 1,874 m asl) for the survey
region. The mean slope value for loca-
tions with artefacts is 6.34 degrees (min:
1.34 degrees; max: 25.22 degrees) com-
pared with a mean of 7.3 degrees for
the study region (min: 0 degrees; max:

63.3 degrees). There is also an apparent
trend in the distribution of archaeo-
logical remains in relation to aspect,
although this variable is not a significant
predictor (Table 2). Sixty-four percent
of the survey localities with artefacts are
encountered in the southern quadrant
(i.e., south, south-east, or south-west
aspects) and only 12 percent are located
in the northeast quadrant, compared
with equal distributions of cells by aspect

JoURNAL CANADIEN D’ARCHEOLOGIE §7 (20183)



62 ¢ BURKE ET AL.

065610 20 30 40
s wmmw——— Kilometers

av. Temperature (LGM)

oy 6.85
495

3.05
ARTEFACTS
oo

A 1

FIGURE 8. Survey locations mapped against a backdrop of average annual temperatures for

the Late Glacial Maximum (LGM). Similar temperature gradients are observable today and

are correlated with altitudinal gradients.

TaBLE 2. Model selection using Aikake’s information criterion (AIC) and cross-validation

results for Model 6 using the Receiver Operating Characteristic (ROC) and Area Under
Curve (AUQC).

Model  Variables AIC d AIC
1 Elevation 177.58 7.2
2 Slope 223.26 52.9
3 Distance to Water 241.57 71.2
4 Aspect 263.71 93.3
5 Elevation + Distance toWater 179.58 9.2
6 Elevation + Slope 170.37 0
7 Slope + Distance to Water + Elevation 171.23 0.85
8 Aspect Class + Slope + Elevation 172.09 1.72

Note: Model 6 AUC: 0.8445 (SE=0.00034)
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in the regional environment. These data
suggest a bias towards sunnier locations,
although this needs to be tested further.

The predictive model generated
using Model 6 (Figure 7) will be used to
design future surveys of the study region
(e.g., in the municipalities not yet visited
to date). The model also highlights dif-
ferences between the western and east-
ern portions of the study region, which
yielded significantly different survey
results, and raises an interesting ques-
tion: i.e., whether different taphonomic
processes are shaping the archaeological
record of the western and eastern por-
tions of the study region. For example,
sheet erosion may have occurred more
frequently in the western portion of the
study region resulting in surface con-
centrations of archaeological remains
in deflated terraces and sediment traps
(e.g., Barton et al. 1999; Barton et al.
2002). If this proves to be the case, our
survey strategy will have to be modified
accordingly. Plans for improving upon
the spatial model in the future in order
to address this question include adding
geological variables to the list of predic-
tors (geological maps at 1:25,000 scale
do not use consistent notation and we
are currently working to resolve this).
We also plan to incorporate soil erosion
modelling (RUSLE3D and USPED)
into the spatial analysis to test whether
erosion is contributing to the observed
spatial patterning.

Our palaeoclimate predictors hinted
at another possibility: temperature
(which correlates with elevation) is not
equally distributed across the study
region demonstrating a distinct east/
west gradient. This suggests that climate
conditions, particularly temperature
during cold phases of the Late Pleisto-
cene, could have had an impact on the
pattern of human occupation, as sug-

gested by several authors for the Central
Meseta more generally (see above). We
hope to be in a position to investigate
this hypothesis in the near future, using
a combination of survey results and pal-
aeoclimate variables.

Conclusion

The surveys undertaken during the
summers of 2009 and 2010 have yielded
evidence of previously undocumented
Palaeolithic occupation in the east-
ern portion of Guadalajara province.
Chrono-cultural attribution of the lithic
remains encountered is difficult due
to the fact that open-air deposits in the
target region probably represent palimp-
sests. Preliminary analysis of the three
largest lithic assemblages recovered,
however, indicates that the target region
preserves a long history of occupation,
from the early Middle Palaeolithic to
proto-historic periods (Fuertes et al.
2009, 2010).

Archaeological remains were only
encountered in the western part of the
target region, in open-air contexts on
river terraces or on bluffs above river
valleys. The predictive model derived
from these results suggests that eleva-
tion and slope are the best predictors
of archaeological potential for the
region. There are two possible explana-
tions for the spatial patterning of the
archaeological remains, however. As
discussed above, there is a possibility
that the western and eastern portions of
the study region are affected by differ-
ent taphonomic processes which could
account for differential preservation of
archaeological remains. This hypoth-
esis will be evaluated in the future by
testing additional variables such as
sediment type, as well as modelling ero-
sion processes. However, initial tests of
palaeoclimate variables (annual average
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temperature and precipitation) suggest
an alternative hypothesis, namely that
the spatial patterning of the archaeo-
logical remains reflects differences
in climate, linked to topography and
potentially to human selection. We are
currently expanding our palaeoclimate
database in order to explore this issue
further.

A planned programme of archaeo-
logical test-pitting in the larger caves
identified during our survey, all of which
are in the eastern portion of the study
region, will also enable us to test the
existing predictive model. With further
field surveys and more sophisticated spa-
tial modelling, including the addition of
new palaeoclimate variables, we hope to
be in a position to address some of the
important issues that have been raised
concerning the pattern of Palaeolithic
occupation in the Central Meseta and
its impact on the history of human settle-
ment in the Iberian Peninsula.
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