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ABSTRACT. The chronological framework of European protohistory is mostly a relative chronology based on typology and
stratigraphic data. Synchronization of different time periods suffers from a lack of absolute dates; therefore, disagreements
between different chronological schemes are difficult to reconcile. An alternative approach was applied in this study to build
a more precise and accurate absolute chronology. To the best of our knowledge, we have collected all the published “C dates
for the archaeological sites in the region from the Ebro River (Spain) to the Middle Danube Valley (Austria) for the period
1800-750 BC. The available archaeological information associated with the '“C dates was organized in a database that totaled
more than 1600 “C dates. In order to build an accurate and precise chronology, quality selection rules have been applied to
the '“C dates based on both archaeological context and analytical quality. Using the OxCal software and Bayesian analysis,
several '“C time sequences were created following the archaeological data and different possible scenarios were tested in
northern Italy and southern France.

INTRODUCTION

The Bronze Age and Iron Age in protohistoric Europe are often characterized by a qualitative di-
vision. Since the beginning of the discipline, archaeologists have been trying to divide time into
well-defined timespans, usually based on the typological analysis of human artifacts, in particular
metallic objects and pottery. Such conventional periods or phases constructed from the archacologi-
cal record generally serve as the base for all archaeological study. Three main problems with such a
chronological system are (1) the lack of uniform acceptance of those phases among scholars, (2)the
differences in the terminology used for defining phases, and (3) the amount of good quality contexts
and the diligence given to ensuring context reliability remain low.

The result is a plurality of phases, which are defined differently from one country to another and
from one school to another, and whose origins are rooted in the traditional studies carried out in each
country over the 20th century. This approach represents a clear stumbling block for any research
with a macroscale geographic view. Moreover, the criteria adopted for correlating phases from
different regions are frequently based on the presence/absence of archaeological materials with a
fossil guide value.

In order to relate each archaeological phase to an absolute chronology, the radiocarbon dating tech-
nique combined with Bayesian statistical analysis represent a powerful tool (Buck et al. 1996; Bay-
liss et al. 2007; Bronk Ramsey 2009a). In the last few decades, the increase of '*C-dated archaeo-
logical contexts for the Bronze Age and Iron Age has slightly improved the situation. This article
highlights the existing problems through a comprehensive review of all the available information
from '“C-dated archaeological contexts in southern France and northern Italy during part of the 2nd
and the beginning of the 1st millennium BC (1800-750 BC).
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THE BRONZE AGE AND IRON AGE TRANSITION IN PREHISTORIC EUROPE

The debate about a uniformed and unambiguous chronological framework for the Bronze Age and
the beginning of the European Iron Age is far from settled among the scientific community. De-
fining a structured division in phases, based primarily on the typochronological seriation of human
artifacts, has been one of the primary aims in archaeological studies over the last century. The
first attempt in this field can be recognized in the German school with the works of Paul Reinecke
(1899, 1900, 1902, 1965). He was responsible for the division of the Bronze Age into Bronzezeit
A-D (2200-1200 BC) and Hallstatt A-B (1200-750 BC) for the chronology north of the Alps, which
has for a long time represented the basis for the European chronology. The starting point of his
chronological framework was the combination of the typological method with the dating of single
contexts through a combination finds. For instance, a particular kind of pottery handle named ad
ascia is traditionally a fossil guide for the first phases of the Middle Bronze Age in northern Italy
(Bernabo Brea et al. 1997; Cattani 2011), while the term cilindro-retta is usually used as a proof for
the start of the Bronzo Recente phase in the north Italian LBA (Cocchi Genick 2004; Cattani 2009;
Cattani et al. 2010).

The other European chronologies were partially modeled on Reinecke’s periodization with the
technique called cross-dating introduced by Flinders Petrie (1899). The analysis of the pottery as-
semblages and the association of “central European” typologies with imported ceramics from the
eastern Mediterranean, especially Attic pottery with fossil-guide function, was based on the idea of
the contemporaneity of the same elements located in different places, without taking into account
the possibilities of time gaps between the date of manufacture and the time of deposition (Olivier
1999; Trachsel 2004; Arnold 2012).

Studies carried out by Herman Miilller Karpe (1959) in the territories north and south of the Alps
allowed for the correlation of the north Italian chronological framework with the Austrian/German
one through the analysis of metallic typologies. We chose to combine the territories of the northern
part of Italy and southern France because we are dealing with the same historical phenomena, evi-
denced by the adoption of new pottery and metallic typologies, which are characterized by different
chronologies in different places. Therefore, the transition from a given period to the successive one
must be understood as the moment in which the social changes that led to such innovations took
place. Hence, “C dating represents a compelling technique to this end.

Northern ltaly

Traditionally, in the area south of the Alps, which now corresponds to northern Italy, the Bronze
Age has been divided into four conventional phases: Bronzo Antico (BA), Bronzo Medio (BM),
Bronzo Recente (BR), and Bronzo Finale (BF). The Early Bronze Age (BA) is formed by two
phases (BA1 and BA2); the Middle Bronze Age (BM) is divided into three subphases BM1, BM2,
and BM3; the Late Bronze Age is conventionally divided in two phases. The first one is named the
Bronzo Recente, comprising two subphases, BR/ and BR?2, and the second one is the Bronzo Finale,
usually formed by BF1, BF2, and BF3. The following phase is the Iron Age (Fe).

The most relevant differences in the Italian chronology relates to the LBA, for which two different
positions have been proposed, the first one of Renato Peroni and his school and the second one based
on Raffaele De Marinis’ studies. According to Peroni (1990, 1995, 1996), the beginning of the Iron
Age should be set at 1020 BC. The date, also according to the chronology supported by Lothar
Sperber (1987), was established after a typological analysis and cross-dating of bronze artifacts re-
covered north and south of the Alps (Giardino 1995; De Marinis 2005; Pacciarelli 2005). The recent
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works of A J Nijboer based on the analysis of *C dates from Latial contexts agree with this high
chronology (Nijboer et al. 1999-2000; Nijboer and van der Plicht 2008; van der Plicht et al. 2009).
The other school is led by De Marinis who organized the first three phases of the Bronze Age frame-
work on the stratigraphic sequence of the settlement of Lavagnone (in northern Italy). According to
his position, the beginning of the Iron Age should be placed in the end of the 10th and beginning of
the 9th century BC (De Marinis 1999, 2005). This aligns with the studies of Christopher Pare (1996,
1998), who set the start of the Iron Age in the Italian Peninsula between 960 and 920 BC.

Southern France

In southern France, the Bronze Age has conventionally been divided into three main phases: Bronze
Ancien (BA), Bronze Moyen (BM), and Bronze Final (BF). The Early Bronze Age is traditionally
composed of three subphases: BA1, BA2, and BA3. The Middle Bronze Age is made up of two
subphases, BM1 and BM2. Finally, the Late Bronze Age is composed of three subphases, BF1, BF2,
and BF3, and it is followed by the Iron Age (Fer).

A division of periods for the French chronology was first proposed in the work of J Déchelette
(1910), and contemporary with Reinecke’s system. After this research, the creation of a chronologi-
cal framework composed of three main phases is attributed to J-J Hatt (1955a,b, 1958), and it is con-
solidated by J-P Millotte (1970). Along with the north Italian chronology, the Late Bronze Age in
southern France constituted the most debated timespan of the whole sequence. Hatt’s division of the
LBA includes a further partition in two subphases marked by the letters a and b for both the BF2 and
the BF3. Starting from the 1970s, a new subdivision of the LBA was proposed by a group of French
protohistorians, who grouped the Bronze Final 1-2a, 2b-3a, and 3b-Hallstatt Ancien (Brun 1984;
Brun and Mordant 1988; Gaucher 1992; Lachenal 2010). Brun argued that the divisions between the
phases a and b of the BF2 and the BF3 were more pronounced than those between the main phases
BF1, BF2, and BF3. The influence can clearly be traced to Reinecke’s division and the tendency
to correlate the French chronological sequence to the one adopted for regions north of the Alps is a
common denominator in protohistoric research. Among the recent works in this field, we can cite
the studies about the so-called Rhine-Swiss-Oriental French culture in the LBA (David-Elbiali and
Moinat 2005; Brun et al. 2009; David-Elbiali 2009; David-Elbiali and David 2009; Milcent 2009).

EUBAR: SITES, CONTEXTS, AND SAMPLING

The available information originates from a new European database, which has been developed
in the last two years by the author and is available at the webpage www.telearchacology.org. Its
structure takes the recently published Database of Catalan Radiocarbon Dates® as a starting point.
The EUBAR database includes information about more than 1500 “C-dated archaeological contexts
already published from a wide territory between the Ebro and Danube rivers. The area includes the
northeastern part of the Iberian Peninsula, southern France, northern Italy, Switzerland, Austria,
and southern Germany. The analyzed timespan goes from 1800 to 750 BC, with that end date
determined by the Hallstatt plateau: a plane on the calibration curve, caused by variations in solar
activity, which prevents us from taking into account dates between 750 and 400 because the results
would be characterized by too large a timespan, and so would not be useful for a statistical analysis
(Van Geel et al. 1996, 1998; Speranza et al. 2000; Tinner et al. 2003; Dergachev et al. 2004; van der
Plicht et al. 2004; Swindles et al. 2007; Barceld 2008).

The data set used for this analysis is composed of a total of 687 “C dates, 221 come from 87 north
Italian archaeological sites and 466 from 214 southern French sites. All the *C dates have been

3. The Catalan database can be seen at http://www.telearchaeology.com/c14; an English version will be soon available.
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recalibrated using the software OxCal v 4.2 (Bronk Ramsey 2009a) and the most recent calibration
curve, IntCall3 (Reimer et al. 2013). The data set and its references can be consulted from the web-
page (http://www.radiocarbon.org/) as an online supplement of the journal Radiocarbon. The dates
used for the analysis, including the outliers, are marked in bold.

The analyzed regions of northern Italy are Valle d’Aosta, Piemonte, Lombardia, Liguria, Trenti-
no-Alto Adige/Siidtirol, Veneto, Friuli-Venezia Giulia, Emilia-Romagna, and Toscana. In south-
ern France, sampled regions include Aquitaine, Midi-Pyrénées, Languedoc-Roussillon, Provence-
Alpes-Cote d’Azur, Poitou-Charentes (only the department of Charente), Limousin, Auvergne, and
Rhone-Alpes. The distribution in space of collected data is not homogenous; the average is one
1C-dated archaeological site every 1267 km? (Figure 1).
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Figure | Map of the sites included in the data set; the numbers correspond to the ID numbers of the data set. Overlapping
labels have not been reported.

Our challenge has been to collect extensive information about the archaeological contexts dated by
1C, dispersed throughout different journals and monographs. In several cases, this huge source of
data has been integrated in direct communication with the authors of the publications, who offered
us the opportunity of developing a more up to date database. In the EUBAR database, each "*C date
is followed by a description of the provenance of the sample and the associated context. Where
available, the archacological phase of the dated contexts has been noted in the references.

DATA ANALYSIS

Sample Context Prescreening

The accuracy and precision of '“C dates depends first of all on the accuracy and precision of the
related archaeological contexts, and on any degree of error introduced during their analytical pro-
cesses, including sample preparation and measurement (Boaretto 2007; Regev et al. 2012). It is
therefore important to verify whether the selected contexts from which the “C dates are recovered
can be considered closed and well defined.

Due to the extreme variety of the sources, the quality and completeness in the description of the
published archaeological record can vary significantly. Regarding *C in particular, the exact loca-
tion of the C sample is sometimes very difficult to find, or cannot be retrieved from the published
material; hence, association with a given context is impossible to ascertain. In addition, problems
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related to the postdepositional process, like bioturbation, affect the quality of the dated samples and
thus should be detected during the archacological excavation. These factors lower the chronological
value and quality of many of the collected samples and are directly responsible for an increase in
uncertainty.

In spite of such problems, to the best of our knowledge we collected all the available dates, recali-
brated them, and identified the possible outliers by evaluating the archacological record and using
Bayesian modeling. As an outcome, this research represents a starting point for future studies and
points to the necessity of enlarging the amount of *C dates from good archaeological contexts. After
the collection, the *C dates were selected for modeling based on a set of parameters that define the
quality of the dates. As we were not dealing with first-hand data, but with data coming from a wide
variety of excavations, we were compelled to check context reliability as reported in the references.
As a consequence, a prescreening of the sample was required.

Initially, a distinction between long-lived samples (wood and wood charcoal) and short-lived sam-
ples (charred seeds and bones) was made. In the case of charred seeds a further distinction would
be necessary based on the amount of seeds found together. This is related to clustered seeds versus
single seeds. As the latter could more easily move by bioturbation between different layers/strata,
a cluster of seeds would be of better quality for '“C dating. Yet, this type of information was not
available in the report; therefore, we preferred seeds, as short-lived, for the chronology rather than
wood charcoal. The date of the wood charcoal should be interpreted carefully, and in general char-
coal samples represent a terminus post quem in relation to the dated event. Of the total amount of
samples, 73% of the dates come from long-lived samples like charcoal and wood, while short-lived
samples (mainly bones, followed by seeds) represent only 22% of the dataset. For 37 samples, such
information is missing.

As a general rule, among the samples priority was given to *C dates recovered from in situ clusters
of carbonized seeds or bones in articulation associated to finds and contexts that have a primarily
ceramic or metallic inventory (e.g. more than one type of diagnostic pottery or metal object) found
in situ (Boaretto 2009). Other than these contexts, which might be rare, contexts with short- or long-
lived material were considered and analyzed, like destruction layers and installations (pits, metal-
lurgical areas). On the other hand, fills and mixed contexts were avoided or rated low in the later
analysis of the dates. Single short-lived materials, like a charred seed or a bone, are also of low im-
portance due to the possibility of intrusiveness or residuality of the sample in relation to the context.

Errors can also be related to the preparation of the sample in the laboratory, a process that aims to
separate the original carbon-bearing material from the extrogeneous carbon and to obtain a reliable
date (Mook and Streurman 1983). Therefore, in order to control for uncertainty it is necessary to
know the chemical pretreatment and to have details on the measurements of the samples. Regretta-
bly, for many samples this information is lacking as it is not reported in the references. We therefore
rely on the precision quoted by the lab as a parameter for the quality of the date.

For the analysis carried out herein, we took into account only samples coming from archacological
contexts that could be described as monophasic from the analysis of metallic and pottery typologies.
Discarded contexts were thus discarded that included more than one conventional phase. In the same
way, materials divided into artificial archaeological horizons, rather than stratigraphically, were not
considered reliable, as a clear association with the sample cannot be verified.
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Northern Italy

Although 221 "C dates were available, 170 samples were removed after prescreening, leaving 51
dates originating from 19 different sites. In order to visualize the quality of the 51 samples retained
for analysis, they have been represented in a plot (Figure 2). We have used as a model the plot
developed for the chronology of the Early Bronze Age in the southern Levant (Regev et al. 2012).
The x axis contains the archaeological sites in alphabetical order, while the y axis represents the
chronology expressed in years BC.
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Figure 2 Filtered 1o calibrated '“C dates for the Bronze Age and the beginning of the Iron Age in northern Italy with the cor-
responding archaeological phases as reported in the references. Each colored line represents one date. The reader is directed
to the online version of this article to view the figure in full color.

Years calibrated BC

Each bar corresponds to a +1c calibrated interval of a single “C date; =10 calibrated ranges were
used for clarity. This has no influence in the Bayesian model applied to the final set of dates. The
color corresponds with the conventional chronology as it is defined in the legend. The conventional
chronological framework is shown on the right. It is clear that not all the data fit the traditional
chronological framework proposed for north Italian regions, with dates from some sites showing a
large spread beyond the limits of the periods according to the conventional chronology (e.g. Santa
Rosa di Poviglio).

The reasons for the rejection of dated samples are multiple. In some circumstances, samples were
collected during survey projects conducted for geoarchaeological campaigns. This is the case for the
dates from the settlements of Castello del Tartaro, Fabbrica dei Soci, Perteghelle, and three samples
from Fondo Paviani, which were gathered during the Alto-Medio Polesine-Basso Veronese Project
(Whitehouse 1993, 1994, 1997). Likewise, the samples from prehistoric features like agricultural
ditches (Stanghelle Est) and infrastructure (Strada Meridionale su Argine) were not taken into ac-
count. In other sites (Lazise-La Quercia, Molina di Ledro, etc.), the samples originate from vertical
wooden features in the settlement; therefore, the association with material objects is hard to obtain.
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These dates can be useful for defining the phases of building of a lake dwelling, but they are not
appropriate for our analysis. Other dates, like those from the Arano necropolis, were not associated
with archaeological materials, as the grave did not have funerary assemblages. Hence, although they
represented short-lived samples, we decided to reject them. Eventually, dates that represented more
than one archaeological phase were removed from the filtered data set. Nevertheless, most of the
samples were eliminated due to information about the context being poor or even absent.

Southern France

From an original data set of 466 dates, after the sample prescreening, we obtained 96 dates originat-
ing from 44 different sites (Figure 3). A large amount of dates were rejected in the filtering process
because they derived from unpublished data; hence, the information about the associated context
was not available. Many such dates were included in the online database BANADORA (http://
www.archeometrie.mom.fr/banadora/) developed by the CNRS, the Université Claude Bernard -
Lyon 1 and the Université Lumiére - Lyon 2.
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Figure 3 Filtered lo calibrated '*C dates for the Bronze Age and the beginning of the Iron Age in southern France with the
corresponding archaeological phases as reported in the references. Each colored line represents one date. The reader is di-
rected to the online version of this article to view the figure in full color.

Other dates were not associated with pottery or metallic typologies with guide-fossil function or they
were not of monophasic contexts; thus, they were eliminated from the filtered data set. As a general
rule, the six criteria adopted for rejecting unreliable north Italian dates were valid also for the southern
French archaeological contexts. The prescreening against the original data set resulted in only a few
reliable dates derived from the six archaeological phases (BA, BM, BF1, BF2, BF3, Fer) following
Hatt’s division.
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Modeling Methods (Modeling Bronze Age/lron Age Transition)

The dates were analyzed according to the principles of statistical Bayesian analysis (Bayes 1763;
Buck et al. 1996) using the software OxCal v 4.2 (Bronk Ramsey 2009a), which calculates the pos-
terior probability distributions of an existing sequence of dates. Thanks to the association between
the samples and the good contexts, it was possible to build sequences of '*C dates ordered according
to the archaeological phase they belong to. This kind of information (a priori) forms the parameters
that condition our data; thus, such an approach represents the backbone of our research.

This mathematical theory was introduced in order to define the probability of success for cases in
which the observed data are provided with qualitative or semi-qualitative information about the
relative relationships between the samples and the expected results. With the aim of detecting the
1C timespan of an archaeological phase, the samples were ordered according to the different con-
ventional phases. In each phase, the samples were distributed in a chronological order, from oldest
to youngest. If the resolution of the context was good, it allowed us to analyze also the subphases of
an archacological phase. We managed to get into particular detail in phases characterized by a long
timespan, like the Middle Bronze Age in northern Italy (phases Bronzo Medio 1, 2, and 3) and the
Late Bronze Age in southern France (phases Bronze Final 1, 2, and 3). The criteria for the analysis
were adopted and followed as systematically as possible.

We have only presented dates that have had their reliability checked previously, according to the
rules already mentioned. We ran two models (contiguous and sequential) for the same data in order
to check variations in the results. In the contiguous models, the software calculates the transitions
between each phase and provides this information according to the 16 and 2c probabilities. Slightly
different are the sequential models, in which each phase has two boundaries, one for the start and
the other for the end. The effect of those boundaries is a constriction of the dates in two limits. This
could lead to the creation of chronological gaps among phases, whose causes can be related to the
distribution of the dates included in the data set. A great advantage of this modeling is that it enables
the reduction of uncertainty by narrowing down the largest ranges of dates, caused by the presence
of the plateau in the calibration curve (Reimer et al. 2013), and rendering relatively precise dates to
each archaeological layer dated.

Wherever possible, two chronological models were run separately for each sample type, short-lived
and long-lived. The results were then compared with each other in order to evaluate the possible
differences in years caused by the old-wood effect. Regrettably, just one multilayered site (Montale
in northern Italy) provided more than one reliable date for contiguous phases. We decided to run a
model with these dates and check the results with the general sequence.

Déefinition, Identification, and Removal of Archaeological and Analytical Outliers from the Sequences

An additional importance of the modeling is identification of the outliers. A date can be defined an
outlier when the agreement index is less than 60%. In such cases, the confidence interval of the date
does not statistically fit into the phase from which it originates. The reasons for data being defined
as outliers were specified before they were removed from the sequence (Bronk Ramsey 2009b). It
was not just the agreement index that was considered, we also took into account the type of sample
and the context. As a general rule, bones and seeds were preferred over wood and charcoal. Samples
that appeared as outliers in the model were given additional consideration, and a careful analysis
was conducted in order to ensure the possible reason for their “unfitting” date. Although the earliest
sample of the earliest phase and the latest one of the sequence were frequently characterized by a low
agreement index, we did not consider them automatically as outliers (Regev et al. 2012).
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After the identification, the outliers were removed one by one and the model was run after each re-
moval. The result can change after each removal; a date that was marked as an outlier in the previous
model can increase the agreement index after the elimination of another date and hence be included
in the model. Dates with an agreement index of 55-60% were left in the sequence.

Northern Italy

The available dates from northern Italian contexts after the sample prescreening were distributed
into five archaeological phases (BA, BM2, BM3, BR, BF). Regrettably, no reliable dates were left
after the preselecting of the dates for the beginning of the Iron Age (Fe phase).

As the first phase of the Middle Bronze Age (Bronzo Medio 1) did not produce reliable dates, we
introduced it artificially into the OxCal model using the Interval tool, which is used to calculate
the timespan between two events in a sequence, without deciding a priori of a predetermined time
duration for the missing phase. In order to visualize in a simple way the distribution of short-lived
samples in the sequence, they were marked with an asterisk in the models. A contiguous model and
a sequential one (Figures 4-5) were run several times in order to create a reliable sequence. In both
models, nine samples were characterized by a low agreement index and hence eliminated from the
Bayesian analysis.

From the phase Bronzo Medio 2 (BM2), five samples were removed. The first four samples are char-
coal originating from the settlement of Santa Rosa di Poviglio in the Padan Plain (GX-16298; GX-
16299; GX-15011; GX-14032). Although they came from a well-defined archaeological context,
they are slightly old for the archaeological phase to which they are supposed to belong. As already
noticed in the references (Cremaschi 2004), this can be due to an old-wood effect, which could
correspond to the intensive deforestation in evidence in the first phase of the Terramare settlement.
Beta-48687, collected at Roc del Col, is also too old for the BM2 phase; it could be attributed to an
old-wood effect as the dated sample is charcoal and was part of a 15-mL sample sent to the labora-
tory, in which perhaps there were adult logs older than the dated context (Nisbet 2004).

From the phase Bronzo Medio 3 (BM3), one sample (GrN-9274) from the data set of the settlement
of Monte Leoni was removed because it was too recent, as already observed in the references. The
rest of the outliers were from the Late Bronze Age: two samples from the Bronzo Recente (BR)
phase and one for the Bronzo Finale (BF) phase. The first two are a charred seed from the Nova,
Via Larga site (GrA-5216), coming from the US 10, which is too old, and a charcoal from the US 8
collected in the Fondo Paviani settlement (LTL-5285), which on the contrary is too recent. The last
date to be removed is charcoal from layer 2 of the Castellaro di Uscio settlement (Gif-7214), which
is also too recent. After the removal of analytical outliers, 42 dates from 17 archaeological sites
composed the contiguous and the sequential model. We also modeled the stratigraphic sequence
of the Montale settlement (Figure 6) which provided five reliable “C dates: one for the BM2, two
for the BM3, and another two for the BR. The results agree with the general sequence proposed for
northern Italy.

Southern France

Contiguous and sequential models (Figures 7-8) were also created with the "C dates from archae-
ological sites in southern France. The outliers were mainly distributed in the last phases of Late
Bronze Age (BF1, BF2, and BF3). One date from charred seeds gathered at the settlement area of
Llo (Gif-3744) is too old for the BF1 phase, as already noted by the author (Campmajo 1983). It
highlights the need to check the reliability among also short-lived samples. Sample ARC-1618,
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Figure 4 Transition boundaries of the contiguous model for archaeological contexts located in northern Italy (A =122.4;

A =123.5).

overall
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which was collected in the Laprade settlement, is too old for the BF2 phase. It is the oldest date in
the data set of this site, which comprises four other dates that fit correctly into the Bayesian model.

Nine dates obtained from charcoal samples were eliminated from the BF3 phase. Two samples col-
lected in the village of Carsac (MC-2287, MC-2285) were removed for being too old for the archae-
ological contexts to which they belong. One date from layer C2d of the Grotte de la Garenne site
(Ly-7184) is too old. Perhaps it is due to problems of contamination from the lower levels, in which
materials typologically dated to the BF2 was found (Carozza 1994). Furthermore, Lachenal (2011)
inserts the date (Ly-7185) from the upper occupation layer C2c in the BF2 phase. It highlights the
existence of disagreements in the chronotypological chronological description of human artifacts.
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The sample collected from the settlement of Le Touar (Ly-4542) is too old for the BF3 phase, maybe
due to an old-wood effect. Three dates (Ly-4743, Ly-5097, Ly-4686) from the site of Saint Alban
seem to be slightly too old; in this case, we cannot exclude a higher beginning of the BF3 phase in
the area of the site, in particular taking into account the marginal northern position of the settlement,
located close to the Jura Mountains. Eventually, two dates were removed because they were deemed
too recent. The first one was collected at the site of La Roumanine (Ly-8244) and the second one
originates from the necropolis of Camp d’Alba (Ly-7433). As a result of this second selection with
the removal of analytical outliers, 85 dates from 41 archaeological sites composed the contiguous
and the sequential model.

DISCUSSION

Through the Bayesian modeling with OxCal v 4.2 (Bronk Ramsey 2009a), we produced two new
chronological models for the Bronze Age in northern Italy and southern France (Figure 9). During
the process of prescreening of collected samples according to their chronological value, a large
amount of dates were rejected, prior to the start of Bayesian modeling. Problems related to the sam-
pling strategies still remain. In many cases, the results of '“C dating are used as a substitute for the
chronotypological analysis of human artifacts and when diagnostic pottery or metallic typologies
are missing. Consequently, association between the two variables was frequently lacking and the
selected dates were fewer than expected. Therefore, we decided to include in the models dates char-
acterized by a large standard deviation (100 yr), although we are aware that it would be preferable
to use dates with a shorter duration when available.

Another problem is the absence of “C-dated multilayered sites. Separately modeling dates from
contiguous layers in the stratigraphy of individual sites could have yielded different models for
each site. Combining such information would have allowed us to detect a possible degree of overlap
between cultural horizons and the existence of regional variations. However, sufficient research is
currently lacking to test this theory.

When a sequence of phases is run, the model manages to narrow the dates of the phase between
the Start Boundary and End Boundary. Such a process implies a possible creation of temporal gaps
among archacological phases. Analyzing the results of the sequential models, few discontinuities in
times were detected in the models for northern Italy and southern France for the 16 confidence in-
tervals. We did not take into account, in any of the models, the values represented by the beginning
of the first phase, which is the Start Boundary of the Early Bronze Age, or the end of the last phase
represented by the End Boundaries of phases Bronzo Finale and Fer.

Northern ltaly

Taking into account the limited numbers of *C dates for this period and the size of the region, it
must be stressed that these results highlight the need for further research and the necessity of an in-
crease in the amount of dates from good archaeological contexts. The results of the modeling must
be considered as a first step toward a “*C-dated chronology for the Bronze Age in northern Italy.
The adoption of good sampling strategy in the future can fill the gaps and improve the strength of
the models.

Although we do not observe a relevant difference (more than 100 yr) between the *C chronology
and the conventional one, it should be noted that both in the sequential model and in the contiguous
model all the analyzed phases start and end before traditional dates proposed for these regions. This
implies that the new “C chronology for the Bronze Age in northern Italy is slightly higher than the
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conventional one. Regrettably, the number of short-lived samples is few; moreover, they refer to the
first three phases, are lacking in the last two phases. As a consequence, we could not run a separate
model for seed and bone samples. In any case, the distribution of such samples in the phases does
not suggest a problem related to an old-wood effect in the first three phases. The results obtained
from statistical modeling of those samples collected from the Montale settlement are perfectly in
agreement with the general “C chronological framework.

A debated topic, as already mentioned, is the beginning of the Iron Age in northern Italy. Unfortu-
nately, there are still only a few dates for this period and no reliable dates were selected for analysis.
Moreover, problems related to the typological description of material culture must be underlined.
In particular, there are still difficulties in the distinction of artifacts typologically dated to the 10th
century BC from those of the 9th century BC (Giovanni Leonardi, personal communication).

According to our models, the end of the LBA (BF) is placed in the contiguous model in the interval
1110-998 BC at 1o probability and 1187-926 at 2c. It is dated between 1119 and 1021 BC for 1o
probability and 1189-977 BC at 2¢ in the sequential model. However, these results cannot provide
a compelling answer for the beginning of Iron Age in northern Italy, since only one dated archaeo-
logical site for the BF phase is included and no Iron Age dates were inserted in the analysis in order
to bracket the transition from the other side.

Concerning the discontinuity observed in the sequential model, the main temporal gap is located be-
tween the phases BA and BM2. Its duration is ~120 yr taking into account the 1o values of the more
recent dates for the End Boundary of the Early Bronze Age and the beginning of the Start Boundary
for the Bronzo Medio 2 phase. This discontinuity is caused in part by the absence of a BM1 phase.
If we take into account the 2o confidence intervals, the gap disappears.
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Southern France

In southern France, the results obtained by the Bayesian modeling are in close agreement with
the traditional dates proposed for the transitions among Bronze Age phases. There is remarkably
solid agreement on the beginning of the BF1, BF2, and BF3 phases between the traditional and '“C
chronologies. This demonstrates the reliability of the filtered dates.

The distribution of short-lived samples in the sequence is quite homogenous among the different
phases. As a result of this, we could run a sequential model with bone and seed samples in order
to test if a significant variation could be appreciated. The result showed that no differences can be
detected; hence, we can discard an old-wood effect in the analyzed data.

The most significant changes relate to the beginning of the Middle Bronze Age (BM) and the Iron
Age transition. The BM phase seems to start ~150 yr before the date adopted in the conventional
chronology. Also, the transition to the Iron Age appears slightly higher in the “C model. In the
contiguous model, the transition between BF3 and Fer is located in the interval 874—820 BC at 1o
probability and 904-806 BC for 2c. These values are confirmed in the sequential model, in which
the beginning of the Iron Age is dated within the interval 862—-809 BC at 1c probability and between
902 and 798 BC for 2. In any case, we have to highlight the problems of calibrating for the Hall-
statt plateau, whose beginning corresponds to the traditional date proposed for the start of Iron Age
in southern France, 775-750 BC (Janin 1992; Brun et al. 2009; Lachenal 2011). Moreover, only
long-lived samples from two sites, Le Touar and Pré de la Cour, were selected for the Fer phase. In
the future, new dates from good archaeological contexts could improve the situation and reduce the
uncertainty.

As was the case with the north Italian model, time gaps were detected in the sequential model of the
1C chronology of southern France for the 1o confidence intervals. Such discontinuities are located
between the three phases of Late Bronze Age, BF1, BF2, and BF3. These gaps disappear if we con-
sider the 26 values of the probability distributions.

CONCLUSION

This article proposes a new chronological model based on Bayesian statistical analysis of '“C dates
from reliable archaeological contexts in northern Italy and southern France. Although the number
of reliable dates for macroscale research remains low, it has been possible to develop four different
models with the software OxCal, two contiguous ones and two sequential ones.

Focusing on descriptive statistics, the “C chronology of northern Italy seemed to be slightly higher
than the conventional one, while that of southern France is confirmed by the models presented in
the article. However, a higher beginning of the Middle Bronze Age was detected. In both cases, the
results claim the absolute necessity of an increase in the amount of “C dates from selected archae-
ological contexts. Moreover, we should investigate the problems of sampling and the errors in the
traditional description of the material culture.

ACKNOWLEDGMENTS

This research has been possible thanks to the funds of the Departament d’Universitats, Recerca i
Societat de la Informacié of the Generalitat de Catalunya. It is also part of the project PADICAT
(“Patrimoni Digital Arqueologic de Catalunya”), funded by the Obra Social la Caixa and the Aso-
ciacié d’Universitats Catalanes (Programa RecerCaixa, RECER2010-05) and the project “Social
and environmental transitions: Simulating the Past to understand human behavior,” funded by the



EUBAR: "C Database for European Bronze Age 867

Spanish Ministry for Science and Innovation, under the program CONSOLIDER-INGENIO 2010,
CSD2010-00034. We also acknowledge funds from the Spanish Ministry of Science and Innova-
tion, through the Grant No. HAR2012-31036. We thank David Uwakwe for the revision of the text.
GC wishes to thank all the people who help him in the difficult work of collecting the database and
all the staff of the D-REAMS Radiocarbon Laboratory at the Weizmann Institute of Science, where
this article was developed during a research period funded by the Department d’Economia i Coneix-

ement of the Generalitat de Catalunya.

REFERENCES

Arnold B. 2012. Gender, temporalities, and periodiza-
tion in Early Iron Age West-Central Europe. Social
Science History 36(1):85-112.

Barcel6 JA. 2008. La seqiiencia crono-cultural de la pre-
historia catalana. Analisi estadistica de les datacions
radiometriques. Cypsela 17:65-88.

Bayes TR. 1763. An essay towards solving a problem in
the doctrine of chances. Philosophical Transactions
of the Royal Society 53:370-418.

Bayliss A, Bronk Ramsey C, van der Plicht J, Whittle A.
2007. Bradshaw and Bayes: towards a timetable for
the Neolithic. Cambridge Archaeological Journal
17(S1):1-28.

Bernabo Brea M, Cardarelli A, Cremaschi M, editors.
1997. Le Terramare. La piu antica civilta padana,
catalogo della mostra (Modena 1997). Milan: Cata-
logo della Mostra.

Boaretto E. 2007. Determining the chronology of an
archaeological site using radiocarbon: minimizing
uncertainty. Israel Journal of Earth Science 56(2—
4):207-16.

Boaretto E. 2009. Dating materials in good archaeolog-
ical contexts: the next challenge for radiocarbon
analysis. Radiocarbon 51(1):275-82.

Bronk Ramsey C. 2009a. Bayesian analysis of radiocar-
bon dates. Radiocarbon 51(1):337-60.

Bronk Ramsey C. 2009b. Dealing with outliers and offsets
in radiocarbon dating. Radiocarbon 51(3):1023-45.

Brun P. 1984. La Civilisation des Champs d’Urnes,
étude critique dans le bassin parisien. Paris: Docu-
ments d’Archéologie Francaise 4.

Brun P, Mordant C, editors. 1988. Le groupe Rhin-Su-
isse-France orientale et la notion de civilization des
Champs d’Urnes, Actes du colloque international
de Nemours 1986. Paris: Mémoires du Musée de
Préhistoire d’Ile-de-France 1.

Brun P, Chaume B, Dhennequin L, Quilliec B. 2009.
Le passage de I’dge du Bronze a I’age du Fer ... au
fil de I’épée. In: Rouliere-Lambert M-J, Daubigney
A, Milcent P-Y, Talon M, Vital J, editors. De [’dge
du Bronze a l'dge du Fer en France et en Europe
occidentale (Xe-VIle siecle av. J.-C.), La moyenne
vallée du Rhone aux dges du Fer, actualité de la
recherche. Actes du XXXe colloque international
de I’A.FE.AF. (Saint-Romain-en-Gal, 26-28 mai
2006). Revue Archéologique de [’Est 27¢me supple-
ment. p 477-85.

Buck CE, Cavanagh WG, Litton CD. 1996. Bayesian

Approach to Interpreting Archaeological Data.
Chichester: Wiley.

Campmajo P. 1983. Le site protohistorique de Llo
(Pyrénées Orientales). Perpignan: Université de
Perpignan.

Carozza L. 1994. De I’Age du bronze a I’Age du fer en
Albigeois. Toulouse: Archives d’Ecologie Préhisto-
rique 13.

Cattani M. 2009. L’ansa cilindro-retta come indicatore
delle interazioni culturali nel Bronzo Recente. In:
Cattani M, dir. Atti della Giornata di studi “La Ro-
magna nell’eta del Bronzo,” Ravenna-Solarolo 19
settembre 2008. I[poTESI di Preistoria 2(1):250—4.

Cattani M. 2011. Contributo alla definizione della fase
iniziale della Media etad del Bronzo in Italia cen-
tro-settentrionale: le impugnature con appendice ad
ascia. IpoTESI di Preistoria 4(2):63-87.

Cattani M, Marchesini M, Marvelli S, editors. 2010.
Paesaggio ed economia nell’eta del Bronzo, la pi-
anura bolognese tra Samoggia e Panaro. Bologna:
Universita degli Studi di Bologna.

Cocchi Genick D, editor. 2004. L’eta del bronzo recente
in Italia. Atti del Congresso Nazionale, Lido di Ca-
maiore 2629 ottobre 2000. Viareggio.

Cremaschi M. 2004. Le datazioni radiocarboniche. In:
Cremaschi M, Bernabo’ Brea MA, editors. 11 villag-
gio della terramara di Santa Rosa di Poviglio. Scavi
1987-1992. Firenze: Origines. p 693-702.

David-Elbiali M. 2009. Des femmes et des hommes dans
I’arc alpin occidental entre le XlIle et le VIIe siecle
av. J.-C. In: Rouliere-Lambert M-J, Daubigney A,
Milcent P-Y, Talon M, Vital J, editors. De [’dge
du Bronze a l'dge du Fer en France et en Europe
occidentale (Xe-VIle siecle av. J.-C.), La moyenne
vallée du Rhone aux dges du Fer, actualité de la
recherche. Actes du XXXe colloque international
de I’A.FEA.F. (Saint-Romain-en-Gal, 26-28 mai
2006). Revue Archéologique de [’Est 27¢me supple-
ment. p 343-60.

David-Elbiali M, David W. 2009. A la suite de Jacques-
Pierre Millotte, I’actualité des recherches en typolo-
gie sur I’dge du Bronze, le Bronze ancien et le début
du Bronze moyen: cadre chronologique et liens
culturels entre I’Europe nord-alpine occidentale, le
monde danubien et 1’Italie du Nord. In: Annick R,
Barral P, Daubigney A, Kaenel G, Mordant C, Pin-
ingre J-F, editors. L’isthme européen Rhin-Sadne-
Rhone dans la Protohistoire. Approches nouvelles



868 G Capuzzo et al.

en hommage a Jacques-Pierre Millotte, Actes du
colloque (Besangon, 16—18 octobre 2006). Paris.
p 311-40.

David-Elbiali M, Moinat P. 2005. Le Bronze final de
la Suisse occidentale: révision du cadre chronoty-
pologique, grace aux découvertes de la nécropole de
Lausanne-Vidy (canton de Vaud, Suisse). Bulletin de
la Société Préhistorique Frangaise 102(3):613-24.

Déchelette J. 1910. Manuel d’archéologie prehistorie,
celtique et gallo-romaine. Paris: A. Picard.

De Marinis RC. 1999. Towards a relative and absolute
chronology of the Bronze Age in Northern Italy. No-
tizie Archeologiche Bergomensi 7:23—100.

De Marinis RC. 2005. Cronologia relativa, cross-dating
e datazioni cronometriche tra Bronzo Finale e Primo
Ferro: qualche spunto di riflessione metodologica.
In: Bartoloni G, Delfino F. Oriente e Occidente:
metodi e discipline a confronto. Riflessioni sulla
cronologia dell’eta del Ferro italiana. Atti dell’In-
contro di Studio, Roma 30-31 ottobre 2003. Pisa.
p 15-52.

Dergachev VA, Raspopov OM, Van Geel B, Zaitseva
GI. 2004. The ‘Sterno-Etrussia’ geomagnetic excur-
sion around 2700 BP and changes of solar activi-
ty, cosmic ray intensity and climate. Radiocarbon
46(2):661-81.

Gaucher G. 1992. Les subdivisions du Bronze final. Bul-
letin de la Société Préhistorique frangaise 82(2):51—
64.

Giardino C. 1995. The West Mediterranean between the
14™ and the 8" Centuries B.C. Mining and Metal-
lurgical Spheres. Oxford: BAR International Series
612. Oxford: Archaeopress.

Hatt JJ. 1955a. Chroniques de Protohistorie, I. Bulletin
de la Société Préhistorique Frangaise 52(1-2):96—
101.

Hatt JJ. 1955b. Chroniques de Protohistorie, II. Bulletin
de la Société Préhistorique Frangaise 52(1-2):397—
400.

Hatt JJ. 1958. Chroniques de Protohistoire, IV. Nou-
veau projet de chronologie pour I’dge du Bronze en
France. Bulletin de la Société Préhistorique Fran-
caise 55(5-6):304-6.

Janin T. 1992. L’évolution du Bronze final I1Ib et la tran-
sition Bronze-Fer en Languedoc occidental d’apres
la culture matérielle et les necropolis. Documents
d’Archéologie Méridionale 15:243-59.

Lachenal T. 2010. L’age du bronze en Provence: produc-
tions ceramiques et dynamiques culturelles [PhD
dissertation]. Aix-Marseille University.

Lachenal T. 2011. Entre Alpes et Méditerranée. Produc-
tions céramiques et dynamiques culturelles de la fin
de I’dge du bronze en Provence (X-IX siecles av.
J.-C.). Quaderns de prehistoria i arqueologia de
Castello 29:231-67.

Milcent PY. 2009. Le passage de I’dge du Bronze a I’age
du Fer en Gaule au miroir des élites sociales: une
crise au VIII® siecle av. J.-C.?. In: Rouliere-Lam-
bert M-J, Daubigney A, Milcent P-Y, Talon M, Vi-
tal J, editors. De I’dge du Bronze a [’dge du Fer en

France et en Europe occidentale (Xe-Vlle siecle av.
J.-C.), La moyenne vallée du Rhone aux dges du Fer,
actualité de la recherche. Actes du XXXe colloque
international de I’A.F.E.A.F. (Saint-Romain-en-Gal,
26-28 mai 2006). Revue Archéologique de [’Est
27¢me supplement. p 453-76.

Millotte J-P. 1970. Précis de proto-histoire européenne.
Paris: A. Colin.

Mook WG, Streurman HJ. 1983. Physical and chemical
aspects of radiocarbon dating. In: Mook WG, Water-
bolk HT, editors. Proceedings, Groningen Sympo-
sium "C and Archaeology. PACT 8:31-55.

Miiller-Karpe H. 1959. Beitrcige zur Chronologie der
urnenfelderzeit nordlich und siidlich der Alpen. R6-
misch-Germanisches Forschungen 22. Berlin: De
Gruyter.

Nijboer AJ, van der Plicht H, Bietti Sestieri AM, De San-
tis A. 1999-2000. A High chronology for the Early
Iron Age in central Italy. Paleohistoria 41-42:163—
76.

Nijboer AJ, van der Plicht H. 2008. The Iron Age in the
Mediterranean: recent radiocarbon research at the
University of Groningen. In: Brandherm D, Trach-
sel M, editors. Proceedings of the XV World Con-
gress (Lisbon, 4-9 September 2006), International
Union for Prehistoric and Protohistoric Sciences, A
New Dawn for the Dark Age? Shifting Paradigms in
Mediterranean Iron Age Chronology. Oxford: BAR
International Series 1871. Oxford: Archaeopress.
p 103-18.

Nisbet R. 2004. Alcune considerazioni sulla Preistoria
del Pinerolese: Roc del Col nel contesto alpino. In:
Bertone A, Fozzati L, editors. La civilta di Viverone.
La conquista di una nuova frontiera nell’Europa
del Il Millennio a.C. Candelo: Eventi & Progetti.
p 109-24.

Olivier L. 1999. The Hochdorf ‘princely’ grave and the
question of the nature of archaeological funerary as-
semblages. In: Murray T, editor. Time and Archaeol-
ogy. London: Routledge. p 109-38.

Pacciarelli M. 2005. 'C e correlazioni con le dendrodate
nordalpine: elementi per una cronologia assoluta del
Bronzo Finale 3 e del primo Ferro dell’Italia pen-
insulare. In: Bartoloni G, Delfino F. Oriente ¢ Oc-
cidente: metodi e discipline a confronto. Riflessioni
sulla cronologia dell’eta del Ferro italiana. Pisa: Is-
tituti Editoriali e Poligrafici Internazionali. p 81-90.

Pare C. 1996. Chronology in Central Europe at the end
of the Bronze Age. In: Randsborg K, editor. Abso-
lute Chronology. Archaeological Europe 2500-500
BC. Acta Archaeologica 67:99-120.

Pare C. 1998. Beitriige zum Ubergang von der Bronze-
und Eisenzeit in Mitteleuropa. Teil I - Grundziige
der Chronologie im Osttlichen Mitteleuropa (11.- 8.
jahrhundert v.Chr.). Jahrbuch der Romisch-Ger-
manischen Zentralmuseum Mainz 45(1):293-433.

Peroni R. 1990. Trent’anni dopo. In: Belardelli C, Giar-
dino C, Malizia A, editors. L’Europa a sud e a nord
delle Alpi alle soglie della svolta protourbana. Tre-
viso: Ed. Unigrafica-Ostalpenkomitee. p 11-4.



EUBAR: "C Database for European Bronze Age 869

Peroni R. 1995. Stand und Aufgaben der Urnenfelder-
forschung in Italien. In: Beitrédge zur Urnenfel-
derzeit nordlich und siidlich der Alpen. Ergebnisse
eines Kolloquiums. Mainz: Monographien des Ro-
misch-Germanischen Zentralmuseums Mainz 35.
p 225-37.

Peroni R. 1996. L’Italia alle soglie della storia. Ro-
ma-Bari: Editori Laterza.

Petrie FWM. 1899. Sequences in prehistoric remains.
Journal of the Anthropological Institute 29:295—
301.

Regev J, de Miroschedji P, Greenberg R, Braun E, Green-
hut Z, Boaretto E. 2012. Chronology of the Early
Bronze Age in the southern Levant: new analysis for
a high chronology. Radiocarbon 54(3—4):525-66.

Reimer PJ, Bard E, Bayliss A, Beck JW, Blackwell PG,
Bronk Ramsey C, Buck CE, Cheng H, Edwards RL,
Friedrich M, Grootes PM, Guilderson TP, Haflida-
son H, Hajdas I, Hatté C, Heaton TJ, Hoffmann DL,
Hogg AG, Hughen KA, Kaiser KF, Kromer B, Man-
ning SW, Niu M, Reimer RW, Richards DA, Scott
EM, Southon JR, Staff RA, Turney CSM, van der
Plicht J. 2013. IntCall3 and Marinel3 radiocarbon
age calibration curves, 0-50,000 years cal BP. Ra-
diocarbon 55(4):1869-87.

Reinecke P. 1899. Studien zur Chronologie des ungar-
landischen Bronzealters. I. Teil. Prahistorisches aus
Ungarn und den Nachbarlandern. Beiblatt der Eth-
nologischen Mitteilungen aus Ungarn 1(1).

Reinecke P. 1900. Brandgraber vom Beginn der Hallstat-
tzeit aus den ostlichen Alpenlandern und die Chro-
nologie des Grabfeldes von Hallstatt. Mitteilungen
der Anthropologischen Gesellschaft Wien 30:44-52.

Reinecke P. 1902. Zur Chronologie der 2. Halfte des
Bronzealters in Sud- und Norddeutschland. Korre-
spondenzblatt der deutschen Gesellschaft fur Anthro-
pologie, Ethnologie und Urgeschichte 33(3):17-32.

Reinecke P. 1965. Mainzer Aufsditze zur Chronologie der
Bronze- und Eisenzeit. Bonn: Habelt.

Speranza A, van der Plicht J, van Geel B. 2000. Im-
proving the time control of the Subboreal/Subat-
lantic transition in a Czech peat sequence by "“C
wiggle-matching. Quaternary Science Reviews
19(16):1589-604.

Sperber L. 1987. Untersuchungen zur Chronologie der
Urnenfelderkultur im nordlichen Alpenvorland von
der Schweiz bis Oberdsterreich. Bonn: Habelt.

Swindles GT, Plunkett G, Roe HM. 2007. A delayed
climatic response to solar forcing at 2800 cal. BP:
multiproxy evidence from three Irish peatlands. The
Holocene 17(2):177-82.

Tinner W, Lotter AF, Ammann B, Conedera M, Hub-
schmid P, van Leeuwen JFN, Wehrli M. 2003. Cli-
matic change and contemporaneous land-use phases
north and south of the Alps 2300 BC to 800 AD.
Quaternary Science Reviews 22(14):1447-60.

Trachsel M. 2004. Untersuchungen zur relativen und ab-
soluten Chronologie der Hallstattzeit. Bonn: Habelt.

van Geel B, Buurman J, Waterbolk HT. 1996. Archaeo-
logical and palaeoecological indications of an abrupt
climate change in The Netherlands, and evidence
for climatological teleconnections around 2650 BP.
Journal of Quaternary Science 11(6):451-60.

van Geel B, van der Plicht J, Kilian MR, Klaver ER,
Kouwenberg JHM, Renssen H, Reynaud-Farrera I,
Waterbolk HT. 1998. The sharp rise of A™C ca. 800
cal BC: possible causes, related climatic teleconnec-
tions and the impact on human environments. Ra-
diocarbon 40(1):535-50.

van der Plicht J, van Geel B, Bohncke SJP, Bos JAA,
Blaauw M, Speranza AOM, Muscheler R, Bjorck S.
2004. The Preboreal climate reversal and a subse-
quent solar-forced climate shift. Journal of Quater-
nary Science 19(3):263-9.

van der Plicht J, Bruins HJ, Nijboer AJ. 2009. The Iron
Age around the Mediterranean: a High chronology
perspective from the Groningen Radiocarbon Data-
base. Radiocarbon 51(1):213-42.

Whitehouse R. 1993. Datazioni radiocarboniche da
Fabbrica dei Soci (Villabartolomea-VR). In: De
Guio A, Whitehouse R, Wilkins J, editors. Pro-
getto Alto-Medio Polesine-Basso Veronese: ses-
to rapporto. Quaderni di Archeologia del Veneto
1X:175-6.

Whitehouse R. 1994. Radiocarbon dates from Fondo Pa-
viani (VR). In: De Guio A, Whitehouse R, Wilkins J,
editors. Il progetto Alto-Medio Polesine-Basso Ve-
ronese: settimo rapporto. Quaderni di Archeologia
del Veneto X:126.

Whitehouse R. 1997. Radiocarbon dating and the Al-
to-Medio Polesine-Basso Veronese Project. In: De
Guio A, Whitehouse R, Wilkins J, editors. Il progetto
Alto-Medio Polesine-Basso Veronese: nono rappor-
to. Quaderni di Archeologia del Veneto XII1:165-7.



