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This article, on the Early Neolithic pottery from the Cabeço da Amoreira shellmidden in the Muge
region of central Portugal, presents a detailed review of the evidence to date and a systematic analysis of
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the geographic origin of the exogenous pottery, which contributes to the discussion of the dynamics of
mobility and social networks in the Neolithization of south-western Europe.
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INTRODUCTION

Study of the Early Neolithic in western
Europe has established an indisputable
link between the spread of new subsistence
strategies and technological practices and
the movement of human populations from
East to West. Previous work highlights
the close material connections between
northern Italy, southern France, and
Mediterranean Spain (Guilaine & Manen,
2007; Bernabeu et al., 2009, 2017;
Manen, 2014; García-Puchol & Salazar,
2017). By contrast, the Early Neolithic of
the Atlantic regions of the Iberian
Peninsula displays a number of distinctive
features that derive from its geographic

position in the south-western confines of
mainland Europe (Guilaine & Veiga
Ferreira, 1970; Arias, 1999; Diniz, 2008;
Gibaja & Carvalho, 2010; Carvalho,
2012).
In the coastal regions of central

Portugal, the existence of a Mesolithic
substrate, mainly identified archaeologi-
cally at sheltered estuarine shellmiddens,
and the suggestion of a possible chrono-
logical overlap between the last hunter-
gatherers and the first agriculturalists has
had a particularly strong impact on the
understanding of the Early Neolithic (e.g.
Mendes Corrêa, 1934; Russell Cortez,
1953; Roche & Veiga Ferreira, 1967;
Tavares da Silva & Soares, 1987; Arnaud,
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1990), laying the foundations for ideas
of acculturation or horizontal cultural
diffusion. The Mesolithic-Neolithic tran-
sition has become a well-established
research topic of exceptional regional rele-
vance (Oosterbeek, 2001; Zilhão, 2001;
Carvalho, 2002; Bicho et al., 2013, 2015a,
2017; Guiry et al., 2016).
Regarding the defining characteristics of

the Early Neolithic, a number of complica-
tions stem from considering south-western
Iberia as a geographical cul-de-sac, to which
successive waves of incoming groups may
have arrived via different mechanisms and
routes, and from different places. The
current models of diffusion imply different
pathways, points of passage, and rhythms of
displacement (Fort, 2015; Isern et al., 2017;
Pardo et al., 2019), and the question of
movement by land or sea has a direct
bearing on the weight ascribed to the
Mediterranean cultural influence in the
Atlantic regions (Zilhão, 1993, 2003).
The Mediterranean Early Neolithic has
been linked in particular to the presence of
Cardial impressed pottery, and occasionally
to an earlier ceramic horizon related to the
Ligurian-Provençal Impressa group
(Bernabeu et al., 2009; Manen et al., 2010).
Although the latter is not currently known
in the archaeological record of Portugal,
several aspects of the ceramic definition of
the Early Neolithic in this region are under
scrutiny (Carvalho, 2019): Cardial pottery
as the only first-order material marker of
the Early Neolithic has been questioned
(Diniz, 2012), and significant debate sur-
rounds the status of Boquique pottery
(Alday, 2009; Alday & Moral, 2011). Both
issues are chronological and cultural in
nature and, therefore, have bearing on the
Early Neolithic periodization based on a
two-stage model (Carvalho, 2015; see also
Martín-Socas et al., 2018). Frameworks are
also being reviewed in light of the current
debate of the possible demographic and
material influences from North Africa

(e.g. Manen et al., 2007 vs Zilhão, 2014)
and the results of recent studies of ancient
human DNA (Cruz, 2012; Gamba, 2012;
Szécsényi-Nagy et al., 2017).
The Early Neolithic in the south-

western regions of the Iberian Peninsula
constitutes a complex and challenging
field of research. The close succession of
the Late Mesolithic, the early Early
Neolithic and the late Early Neolithic
within barely a few centuries is a test to
both the theoretical frameworks and the
archaeological record, with particular
regard to the material identification of
human groups of different provenance and
cultural filiation. Several areas are crucial
for the development of a more compre-
hensive model for the Atlantic regions:
reliable site stratigraphies, radiocarbon
dates for the first appearance of the arch-
aeological elements associated with the
Early Neolithic, and the precise and sys-
tematic characterization of pottery.
Here, we focus on the Muge region, an

area of long-standing archaeological inter-
est located in the estuarine environments
of the Lower Tagus valley in central
Portugal (Figure 1). At Cabeço da
Amoreira, one of its best known
Mesolithic shellmiddens, recent fieldwork
has confirmed the existence of an Early
Neolithic phase supported by consistent
stratigraphic, chronological, and material
evidence. The study of the pottery from
this phase offers a unique opportunity to
understand the complex processes unfold-
ing during the second half of the sixth
millennium cal BC, at the onset of the
Early Neolithic in the southwestern-most
region of mainland Europe.
The pottery analysis conducted on the

materials recovered from the 2008–2014
excavations was designed as a detailed,
site-specific study of the Early Neolithic
pottery assemblage that may act as a refer-
ence for regional comparative studies in
south-western Iberia. Our study focused
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on two main attributes: decoration and
mineralogy, and aimed to explore the
diversity of the assemblage as a measure of
behavioural and cultural variability, to
confirm the local production of pottery
and to identify possible markers
indicative of the provenance of incoming
people and pots.

THE CABEÇO DA AMOREIRA

SHELLMIDDEN IN THE EARLY NEOLITHIC

The Lower Tagus basin is characterized
by recent sedimentary formations, created
by the wandering of the riverbed in a large
alluvial plain during the Lower and
Middle Miocene (Pais, 2004). On the left
bank, marls and clays were deposited
during the early Upper Miocene, followed
by arkosic sands during the Pliocene. The
shellmidden of Cabeço da Amoreira is
sited on a terrace to the south of the river
Muge, a left bank tributary of the Tagus
(Figure 1), formed by sandy clays and
clayey arenites (Zbyszewski & Veiga
Ferreira, 1968; for nomenclature, see Dias
& Pais, 2009).

The Tagus and its tributaries provided
rich estuarine environments for human
occupation, which intensified during the
Holocene (e.g. Neves et al., 2008; Valente
& Carvalho, 2009; Fernández & Jochim,
2010; Bicho et al., 2010a). Since the dis-
covery of the Muge shellmiddens in the
nineteenth century, work at Cabeço da
Amoreira has established the importance
of the site for the study of the Mesolithic
of western Europe. Recent fieldwork has
been conducted since 2008 within three
consecutive projects supported by the
Portuguese Foundation for Science and
Technology. Previously unexplored areas
of the site have been excavated, providing
new stratigraphic and chronological infor-
mation (Bicho et al., 2013).
The identification of Neolithic pottery

in the upper layers of some Atlantic
Mesolithic shellmiddens is not new
(Obermaier, 1916; Arias, 1996) and it had
been noted previously at Cabeço da
Amoreira, Moita do Sebastião, Fonte do
Padre Pedro, and Cabeço da Arruda in
the Muge region (Mendes Corrêa, 1934;
Zbyszewski & Veiga Ferreira, 1968; Veiga
Ferreira, 1974) (Figure 1). However,

Figure 1. Location of Cabeço da Amoreira, in the Muge region of the Lower Tagus valley, central
Portugal. Left: location in Europe (Ministerio de Fomento, Gobierno de España, CC-BY 4.0
licence); centre: location in Portugal (ginkgomaps.com, CC-BY 3.0 licence); right: location of the
shellmidden sites on the reconstructed palaeomargins of the Muge (1. Fonte do Padre Pedro; 2. Flor da
Beira; 3. Cabeço da Arruda; 4. Moita do Sebastião; 5. Cabeço da Amoreira), Magos (6. Cova da
Onça; 7. Monte dos Ossos; 8. Magos de Cima; 9. Cabeço da Barragem; 10 Cabeço dos Morros; 11.
Magos de Baixo), and Fonte da Moça (12. Fonte da Moça I; 13. Fonte da Moça II) rivers.
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studies of this pottery have suffered from
problems of stratigraphic provenance and
cultural attribution. This question has
been discussed in the similar context of
the river Sado (Diniz, 2010; Diniz &
Cubas, 2015) where pottery is also found
within some shellmidden stratigraphies.
The Neolithic levels identified during

the 2008–2010 excavations at Cabeço da
Amoreira were defined materially by the
presence of pottery, described as ‘small
and eroded sherds’, and of lithic assem-
blages that differed from those of the
Mesolithic (Bicho et al., 2011). With ref-
erence to questions regarding the chrono-
logical and cultural filiation of the pottery
identified at several Muge shellmiddens,
the pottery was presented as Neolithic and
the idea of Mesolithic pottery production
and use was firmly dismissed (Bicho et al.,
2015b: 637). Further work at the site con-
firmed an Early Neolithic phase with con-
sistent stratigraphic and material evidence,
and activity both on the mound itself and
in its immediate surrounding area. This
has been mentioned in several publications
(since Bicho et al., 2010b), but the pottery
record from the 2008–2014 field seasons
has remained largely unpublished (Bicho
et al., 2011, 2017; Taylor et al., 2017).
On the shellmidden, the scattered low-

density presence of pottery has been inter-
preted as the result of small-scale activities
leading to the inclusion of isolated pottery
fragments in the upper shell layers (Bicho
et al., 2015b). The spatial distribution of
the sherds on the shellmidden is denser
towards the edge of the mound, perhaps
suggesting a degree of horizontal move-
ment of the sherds, although the vertical
stratigraphy appears not to have been dis-
turbed. However, the patterns of fragmen-
tation and distribution render it difficult
to identify specific activities linked to the
general usage of pottery. The elevation
provided by the midden-cum-mound also
contained Early Neolithic human burials,

although pottery does not appear to have
been included as a grave good. A group of
three individuals buried in the same loca-
tion over several centuries (CAM-01-01)
is of particular interest. The earliest burial
(TO-10225) is dated 5620–5370 cal BC

(Bicho et al., 2011) (see Table 1). Analysis
of the tooth enamel of this individual for
isotopic markers of diet and mobility indi-
cated an entirely terrestrial diet and an
exogenous origin, possibly in the Ossa
Morena region of inland central Portugal
(Price, 2015), thus providing multiple
forms of evidence for the presence of
incoming people by, at least, 5350 cal BC

(Bicho et al., 2013, 2017). The second
burial (TO-10218) is close in date to the
former: 5485–5235 cal BC, while the third
(Wk-26796) has provided a later date:
5195–4910 cal BC, although still within
the accepted Early Neolithic date range
(Table 1).
In the area immediately surrounding the

shellmidden, Neolithic pottery has been
identified in stratigraphy suggesting that
the focus of occupation and daily activity
may not have been the mound itself but
its periphery (Bicho et al., 2011, 2013,
2017). The trench opened across the
south-western slope of the midden has
provided good stratigraphic information
for the relationship between the formation
of the mound and the depositional
sequence of the surrounding area.
Moreover, the sequence documented
immediately off the mound supports two
Early Neolithic phases characterized by
distinctive pottery and lithics (Bicho et al.,
2010b: 13).

MATERIALS AND METHODS

Our work on the Cabeço da Amoreira
pottery began with the new finds from the
excavation areas opened between 2008 and
2014. The entire ceramic assemblage of
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just over 1000 sherds was studied (Bicho
et al., 2017: table 3; Taylor et al., 2017).
Attention then turned to the earliest
pottery assemblage, defined on the
grounds of strict stratigraphic and chrono-
logical criteria, from three areas:
Shellmidden/Concheiro, a 12 × 12m area
located on the shellmidden itself; Trench/
Vala, a 1 × 12m-long trench opened
across the south-western slope of the
mound; and Area 1, a 4 × 4 m area located
to the south-west of the mound, at the
foot of the Trench area (Figure 2). Since
the stratigraphic sequences from these
three areas have numerical identifications
for their units, a prefix (C: Concheiro;
V: Vala; A: Area 1) was added to the
identification of the layers and their
materials.
A secure physical correspondence was

established between Layer C1 of the
Shellmidden sequence and Layer V5 of
the Trench sequence, as well as between
Layer C2 and Layer V3 (Figure 2).
Moreover, a series of radiocarbon dates
was obtained from Layer 1b of the
Shellmidden sequence (an internal subdiv-
ision of Layer C1) and from the three
human burials subsequently inserted in the
mound. These AMS dates (Table 1)
provide a consistent date of c. 5450–5050
cal BC for the Early Neolithic of Cabeço
da Amoreira (Bicho et al., 2017: 40). The
Early Neolithic pottery assemblage in the
Shellmidden and Trench areas was, there-
fore, defined as all the pottery contained
in and under Layer C1 and Layer V5
(Taylor et al., 2017). Area 1 also meets
the same stratigraphic and chronological
criteria, although it lacks a radiocarbon
date or a direct physical correspondence
with the previously mentioned strati-
graphic layers. Horizons A2 and A2b of
Area 1 have been published as two Early
Neolithic phases (Bicho et al., 2010b), and
pottery found in and under Horizon A2
is, therefore, adequate for our analysis.T
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The pottery remains are highly fragmen-
ted and fragmentary, and formal and deco-
rated sherds are scarce, severely limiting the
possibilities of exploring relationships
between vessel form, function, and style.
An approach combining visual examination
and thin section petrography, concentrating
on decorative techniques and the identifica-
tion of mineral inclusions, was therefore
considered an effective way of obtaining an
informative body of data.
A two-fold procedure was followed. A

visual examination was first carried out,
gathering valuable information on the
general physical characteristics of the pottery
from the Early Neolithic layers of the
Shellmidden and Trench excavation areas
(n = 201). Attributes such as fragmentation,
wall thickness, surface treatment, firing con-
ditions, colour, and main mineralogical
group are summarized in Table 2 (after
Taylor et al., 2017). A petrographic analysis
was then undertaken on a representative

subsample of forty-seven sherds from Vala,
Concheiro, and Area 1 (Table 3).
Twenty-eight samples were selected from

the Trench/Vala assemblage. These include
all the decorated fragments (seven decorated
rim and body sherds), two plain rim sherds
and nineteen plain body sherds representa-
tive of the fabric diversity identified in the
visual examination. A further twelve undec-
orated samples were selected from the
Shellmidden/Concheiro excavation area.
Finally, all but one of the decorated pottery
fragments from Area 1 were sampled (five
decorated rim sherds and two decorated
body sherds). This area has the most
diverse decorative repertoire documented so
far at the site, and it is significant that the
largest number of decorated fragments
comes from Horizon A2b, the earliest of
the two proposed Early Neolithic phases in
the sequence (Bicho et al., 2010b).
The petrographic analysis presented in

this study focuses specifically on the

Figure 2. Cabeço da Amoreira: old and new excavation areas (adapted from Bicho et al., 2011:
fig. 2) and western profile of the 2010 Trench/Vala area. Layer V5 corresponds to Layer C1, and
Layer V3 to Layer C2.
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mineralogy of the samples. Indeed, simple
mineralogy enabled a range of observations
with potentially high-impact implications
for our region and period. The criteria for
the identification of minerals in thin section
are well-established, including the optical
properties of mineral families and species,
their possible alteration, the association of
minerals, and the petrology of rocks (e.g.,
MacKenzie & Guilford, 1980; Delvigne,
1998; Melgarejo, 2003; Haldar & Tisljar,
2014). For each sample, the presence and

relative frequency of each mineral inclusion
type was presented. Textural attributes
habitually included in fabric analyses (size,
shape, sorting; Quinn, 2013; Whitbread,
2017) are not considered here. The thin
sections were analysed in the Department
of Prehistory and Archaeology at the
University of Seville using a Nikon
Eclipse E200 petrographic microscope
coupled with a digital camera and image
processing software managed through
NSIC-Elements.

Table 2. Main characteristics of the Cabeço da Amoreira Early Neolithic pottery, based on the hand-
specimen analysis of materials from the Shellmidden and Trench excavation areas, 2008–2014 (n =
201) (after Taylor et al., 2017).

Preservation Highly fragmented and fragmentary assemblage.
Very small sherds: half of the sherds weigh between 3 and 5 g.
Single fragments: conjoining fragments or sherds possibly belonging
to the same pots are extremely rare.

Formal characteristics Undifferentiated simple rims. Continuous curvature of body sherds.
No angled sherds indicating the presence of necks, shoulders or cari-
nations. No flat bases.
Simple open and closed forms, bowls and globular jars. Occasional
suspension appendages.

Wall thickness Most frequent wall thickness: 7 and 7.5 mm.
Average wall thickness for the assemblage: 8 mm.

Surface treatment External and internal surfaces usually display the same treatment.
Espatulado, a characteristic type of burnishing which leaves distinct
directional rubbing marks, is the most frequent treatment, followed
closely by smoothing, leaving no specific marks but an even matte
surface.

Firing Even, complete oxidation: 131 cases.
Incomplete oxidation (difference between the core and the surfaces
or between the internal and external surfaces): 24 cases.
Evenly coloured unoxidized sherds: 40 cases.
Uneven, irregular firing conditions and fire clouding are not docu-
mented, perhaps due to the small sherd size.

Surface colour Medium to light browns and reddish-orange dominate the
assemblage.

Textural characteristics of the clays used
for pottery production

Paradigmatic classes and correspondence analysis based on parameters:
Texture (T), Inclusion Average Size (IA) and Inclusion Proportion
(frequency) (IP) for n = 201 support 20 paradigmatic textural classes.
Four of these account for nearly two-thirds of the assemblage, indi-
cating the consistent use of texturally similar clays within a preferred
IA and IP range, namely <1mm and <10 per cent. In lower propor-
tions, the textures are characterized by coarser features, a larger IA
(1–3mm) and a higher frequency of inclusions (10–25 per cent).

Mineralogical characteristics Hand-specimen analysis highlights the predominance of a single min-
eralogical group.
A distinctive mica-rich fabric was observed in a small number of
sherds.
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RESULTS

The decorated pottery

The decorated pottery assemblage cur-
rently known from the excavation of
Shellmidden, Trench, and Area 1 consists
of nineteen decorated fragments (Table 4).
The low representation of decorated frag-
ments at Cabeço da Amoreira may in part
be explained by the restriction of decoration
to the upper body and rim (Figure 3), thus
leading to a larger proportion of plain
sherds per vessel, or more generally by the
scarcity of decorated vessels.
The predominance of Boquique is a

most noteworthy feature of the decorated
assemblage. Also, the absence of decorated
pottery below Layer V3 of the Trench and
Layer C1 of the Shellmidden may be con-
sistent with an early suggestion by Russell
Cortez (1953: 88) of an initial undecor-
ated pottery phase, although this has not
been observed in Area 1. The distribution
by decorative technique is as follows:

Boquique (ten cases). The rows of char-
acteristic impressions, known in the
Iberian Neolithic as boquique, run in hori-
zontal lines parallel to the rim (Figure 3,
nos. 1–3 and 5). In one case, they curve
around a small rounded appendage
(Figure 3, no. 4). Typologically, rim and
oriented body sherds indicate an associ-
ation of this decorative technique with
bowls, and more rarely with closed forms.
In one case, a single preserved line of
Boquique is combined with a parallel
incised line (not illustrated).
Boquique and impressed rim (one case).

A band of five rows of Boquique impres-
sions is combined with an impressed or
dentated rim (Figure 3, no. 6).
Impressed or ‘dentated’ rims (three cases).

Impressed or dentated rims are documen-
ted alone on three fragments (Figure 3,
nos. 7–9). The impressions vary between
U-shaped and V-shaped, indicating
diverse tool profiles.
Other impressed decoration (two cases).

The fragment illustrated in Figure 3 no.

Table 3. List of samples for thin section petrography, by excavation area and stratigraphic layer.
Number of pottery records after Bicho et al. (2017: table 3).

Area Layer No. of pottery
records

Thin section samples No. of
samples

Vala V5 14 1 decorated rim sherd, 2 decorated body sherds,
3 plain body sherds

6

V4 18 2 decorated rim sherds, 3 plain body sherds 5
V3 42 2 decorated rim sherds, 1 plain rim sherd,

3 plain body sherds
6

V2 20 1 plain rim sherd, 5 plain body sherds 6
V1 13 5 plain body sherds 5

Subtotal Vala 107 Subtotal Vala 28

Concheiro C1 39 5 undecorated sherds 5
C2 55 7 undecorated sherds 7

Subtotal
Concheiro

94 Subtotal Concheiro 12

Area 1 A2 155 1 decorated rim sherd 1
A2b 108 3 decorated rim sherds, 2 decorated body sherds 5
A3 n/a 1 decorated body sherd 1

Subtotal Area 1 263 Subtotal Area 1 7

Total no. of
pottery records

464 Total no. of samples for petrographic analysis 47
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Table 4. The 2008–2014 Cabeço da Amoreira decorated pottery, by excavation area and stratigraphic layer. App: appendage; Bq: Boquique; Imp: impressed;
Inc: incised. n/a: not analysed. n/i: not illustrated.

Area Layer
Fig. 3
Id Original find Id.

Analysis
Id

Fragment
type

Decorative
technique Description

Fabric
group

Concheiro 1 n/i 2-K1/08-11216 n/a Body Bq 2 rows preserved, small fragment n/a
1 n/i 2-C3/08-14466 n/a Body Bq 2 rows preserved, small fragment n/a
1b 4 3-F1/10-28748 n/a Rim + App Bq 5 rows preserved, curved around a small rounded appendage n/a
1b 13 3-I1/10-30229 n/a Other Plastic + Imp Large applied cordon (detached) with deep, oblique U-

shaped impressions
n/a

Vala 5 n/i 7-A1 V56 Body Bq 3 rows preserved 1
5 n/i 7-A2 V57 Body Bq 2 rows preserved, small, irregularly spaced and poorly joined

impressions
4

5 14 7-A4 V59 Rim Inc Single row of discrete oblique incisions 5
4 9 7-A8 V419 Rim +App Imp rim Impressions on rim, to either side of the suspension 2
4 7 7-A9 V420 Rim Imp rim Regularly spaced V-shaped impressions on rim 1
3 1 6-A1 V35 Rim Bq 2 rows preserved or possibly 2-row band 3*
3 8 6-A2 V36 Rim Imp rim Impressions on rim, semi-circular in section 2

Area 1 2 5 2-H8-A1 A253 Rim Bq 5-row band parallel to the rim 4
2b 6 4-F7-A2 A2b32 Rim Bq + Imp rim 5-row band parallel to the rim + impression on rim 2
2b n/i 4-G7-A7 n/a Body Bq + Inc 1 row stab and drag preserved + 1 incised line n/a
2b 10 4-H7-A8 A2b5 Body Imp Impressions, possibly shell impressed 5
2b 12 4-I5-A38 A2b46 Body Plastic Slim raised modelled cordon, slightly undulated ridge 2
2b 2 5-F7-A1 A2b60 Rim Bq 4 rows preserved 4
2b 3 7-I5-A1 A2b103 Rim Bq 3 rows preserved 3
3 11 2-H5-A1 A36 Body Imp 2 rows preserved of individual circular impressions made

with a hollow tubular tool
6

1
6
4
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11 bears discrete, clear, and evenly spaced
circular impressions, made with a hollow
tubular instrument, and forming a hori-
zontal band. The fragment shown in
Figure 3 no. 10 is possibly shell
impressed.
Plastic modelled/applied (two cases). A

body sherd has a slim raised modelled

ridge (Figure 3, no. 12) and another sherd
is in fact a thick applied cordon, detached
from the body (Figure 3, no. 13), with
deep, slightly oblique U-shaped
impressions.
Incised decoration (one case). Only one

rim sherd displays a single row of discrete
oblique incisions (Figure 3, no.14).

Figure 3. Cabeço da Amoreira Early Neolithic decorated pottery. 1–5) Boquique; 6) Boquique and
impressed rim; 7–9) impressed rims; 10–11) other impressed techniques; 12–13) plastic techniques; 14)
incised.
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MINERALOGICAL CHARACTERISTICS

Based on mineralogical characteristics, six
fabric groups emerged from the petro-
graphic analysis (Table 5, Figure 4): Groups
1 to 3 are quartzofeldspathic and predomin-
ant; Groups 4 and 5 are igneous and dis-
tinctive; Group 6 are rare and, possibly, an
unusual choice for pottery manufacturing.

Group 1 Quartz + K-feldspar

Group 1 contains only quartz and K-feld-
spar, the main components of the arkosic
sands of the Lower Tagus valley, described
as yellow to red/brown and fine/medium
to coarse in grain, with low kaolinite and
illite contents (Zbyszewski & Veiga
Ferreira, 1968; Pais, 2004). Muscovite
mica and plagioclase feldspar are absent.
The presence of mud/clay pellets is signifi-
cant in this group and may be indicative
of clay formation conditions. Fine-grained
sedimentary rock fragments are occasion-
ally present as isolated rounded grains.

Group 2 Quartz + K-feldspar +muscovite
mica in the fine fraction of the clay

This group, similar to Group 1, contains
muscovite mica as a fine fraction inclusion.
Mud/clay pellets and fine-grained rock
inclusions are present in fewer samples
than in Group 1. These characteristics may
be indicative of a similar geological source,
with slightly different depositional condi-
tions and sedimentary contributions,
although the geographic proximity between
Groups 1 and 2 is difficult to establish.

Group 3 Quartz + K-feldspar +
plagioclase + muscovite

The micromorphological analysis of sedi-
ments from the Shellmidden sequence of

Cabeço da Amoreira identified the pre-
dominant mineral fraction as ‘medium to
coarse quartz sand, to a lesser extent feld-
spar (microcline and plagioclase), and few
silt-sized mica (muscovite)’ (Aldeias &
Bicho, 2016: table 1), analogous to the
sandy clay and clayey arenite substrate on
which the mound is located (Zbyszewski
& Veiga Ferreira, 1968).
Group 3 is the closest match to this

site-specific mineralogical description.
Mud/clay pellets and fine-grained sedi-
mentary rock inclusions display a similar
frequency as in Group 2. The presence of
plagioclase indicates a mineralogical asso-
ciation that differs from that of Groups 1
and 2. Group 3 displays a variant (3*)
represented by only two samples in which
mica was not identified.

Group 4 Igneous rock fragments and
weathered biotite mica

Group 4 is characterized by igneous rock
fragments and weathered biotite mica,
but also includes individual grains of quartz
and K-feldspar, and plagioclase in some
samples. Muscovite mica is not present.
The igneous rock fragments typically
display the association of quartz with K-
feldspar, rarely with plagioclase. If derived
from granite, the complete loss of micas
(muscovite and fresh biotite) and absence
of ferromagnesian minerals are noteworthy.
Weathered biotite mica is the principal

distinguishing characteristic of this group.
Visually, it was identified as golden-red
mica in frequencies varying from sparse
flecks to a major inclusion. Petrographically,
it corresponds to the type described by
Delvigne (1998: reference slides 172–73)
as a ‘meso-alteromorph after biotite’ char-
acterized by the occurrence of lenticular
intramineral pores, and more specifically
as a ‘phylloporo-alteromorph’ considering
both geometric and internal microtextural
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Table 5. Mineralogical characteristics and groups. Texture: VF: very fine; F: fine; M: medium; Ir: irregular. Frequency: Rare; Sp: sparse; Mod: moderate; C:
common; VC: very common; A: abundant; VA: very abundant. X: majority; x: minority; (x): rare/isolated grains. Standard mineral abbreviations: Qz: quartz;
Kfs: K-feldspars; Pl: plagioclase; Ms: muscovite; Bt: biotite; Opq: opaque minerals. Decoration: Bq: boquique; Imp: impressed; Inc: incised.

Group
Sample
Id. Decoration

Fig. 3.
Id. Texture Freq. Qz Kfs Pl Ms

Igneous rock
fragments

Mineral
associations

Weathered
Bt

Mud/clay
pellets

Fine-grained rock
fragments Opq

1 V56 Bq - VF VA X X x (x) x
V510 VF-Ir Mod X X X x
C138 VF Rare x X x (x) x
V49 F Mod x X x x
V420 Imp rim 7 VF VA X X (x) x
V330 VF A X X
C218 F-Ir Sp X x X x
C2110 VF C X x (x) x
C2126 VF Sp x x x (x)
V27 Ir Mod x x x x

2 C114 F Mod X X (x) (x) x
C121 F Sp X X x (x) (x) x
C161 VF C X x (x) x x
V413 F C X X (x) (x)
V418 VF-Ir VC X X (x) x
V419 Imp rim 9 VF-Ir C X X (x) x
V36 Imp rim 8 VF Mod x x (x) (x)
V319 F-Ir VC X X x (x) x
C292 VF-Ir VC X X x
V24 F C X X (x) x
V110 F VC X X (x) x
V114 F-Ir C X X x x
A2b32 Bq-Imp

rim
6 F-Ir C X X (x) (x) (x)

A2b46 Plastic 12 F VC X X (x) (x)
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Table 5. (Cont.)

Group
Sample
Id. Decoration

Fig. 3.
Id. Texture Freq. Qz Kfs Pl Ms

Igneous rock
fragments

Mineral
associations

Weathered
Bt

Mud/clay
pellets

Fine-grained rock
fragments Opq

3 V58 F-Ir C X X (x) (x) (x) x
V515 F-Ir VC X X (x) (x) x
C147 F Mod x X (x) (x) (x) x
C2118 VF Mod x X (x) (x) (x) (x) x
C260 M-Ir C X X (x) (x) x (x) x
V12 F-Ir C X X (x) (x) x
A2b103 Bq 3 VF C X X (x) (x) (x)
V35 Bq 1 F VC X X (x) 3*, no Ms (x)
V210 VF-Ir Mod x X (x) 3*, no Ms x x

4 V57 Bq - F-Ir C x X (x) X Qz-Kfs X x
V317 F-Ir A X X (x) x Qz-Kfs-(Bt) rare

granite
X x

V338 F-Ir A X X x X Qz-Kfs-Pl (x) x
V18 VF A X X (x) Qz-Kfs X
A2b60 Bq 2 F VC X X (x) Qz-Kfs X
A253 Bq 5 VF VA X X x Qz-Kfs X

5 V59 Inc 14 F-Ir VC X X x x Qz-Kfs-(Pl)
V217 VF Sp x X (x) x Qz-Kfs-Pl-Bt

granite + grog
x

A2b5 Imp F C X X (x) x Qz-Kfs-(Ms) (x)
V220 M-Ir VC X X (x) (x) Qz-Kfs X
V19 F C X X x (x) Qz-Kfs-Ms-Bt

granite no Pl
X

C291 M-Ir Mod x X X Qz-Kfs-Ms-Bt
granite no Pl

(x)

6 V213 VF Rare x (x) x (x)
A36 Imp VF Sp x X (x) x
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criteria. It is most probably source-specific,
resulting from a particular geological
process. Indeed, the mineralogy of Group
4 does not belong to the Neogene forma-
tions of the Lower Tagus valley and
Group 4 pots must be interpreted as
imports to the site. Moreover, three of the
seven analysed Boquique fragments belong
to this mineralogical group, and, signifi-
cantly, Group 4 is not (in our sample)
associated with any other decorative
technique.

Group 5 Igneous rock fragments,
including granite, and no weathered

biotite

This group contains inclusions from an
igneous source and includes granite rock
fragments. In contrast to Group 4, weath-
ered biotite is absent, while fresh biotite is
present only in rock fragments. Again, the
absence of ferromagnesian minerals, with
the rare exception of single crystals of

amphibole and pyroxene in fabrics also
containing plagioclase, can be noted.
Geologically, Group 5 provides a prob-

able reference to the granitic areas of
inland central Portugal, and to geological
formations belonging to the Ossa Morena
and Central Iberian zones. In one case,
grog is identified alongside granite, thus
providing a unique technological and geo-
graphic marker in a single sample.

Group 6 Pure clay

Group 6 includes only two samples. Their
distinctive texture is justified by the (near)
absence of sizeable mineral inclusions. At
present it is not clear whether this fabric
type constitutes evidence of raw material
processing. The suitability of this material
for pottery production is questionable,
given the potential difficulties of shaping,
drying, and firing. However, one of the
analysed samples belongs to a pot with a
distinctive impressed decoration from the

Figure 4. Fabric groups based on mineralogical characteristics: hand-specimens (scale 2 mm) and thin
section under cross polarized light (20×) of representative samples: Group 1 Sample C2110, Group 2
Sample V418, Group 3 Sample C2118, Group 4 Sample V317, Group 5 Sample V417, Group 6
Sample V213.
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lower layer of Area 1. The unusual choice
of raw material and the stratigraphic pos-
ition of this fragment may be connected.
Based on mineralogy, the assemblage

includes both regionally produced and
exogenous pottery, since the earliest
appearance of pottery at the site. The pre-
dominant quartzofeldspathic mineralogies
(Groups 1, 2, and 3) are consistent with
the sedimentary geology of the Lower
Tagus valley, and Group 3, in particular,
is a good match for the site. Groups 4 and
5, by contrast, contain weathered biotite
and granite that are indicative of geo-
logical origins outside the Neogene Basin.
In addition, the identification of grog in a
granite-bearing fabric is a specific techno-
logical trait not observed in the regional
sandy fabrics.
If Groups 1, 2, and 3 are consistent

with the regional geology and Groups 4
and 5 are not (Group 6 must be treated
with caution), and Horizon 2b of Area 1
is representative of the earliest consistent
Early Neolithic decorated pottery phase at
Cabeço da Amoreira, several conclusions
can be drawn from the mineralogical ana-
lysis combined with the decorative techni-
ques and stratigraphy (Table 6):

– The earliest pottery at the site was local
(association with Groups 2 and 3) and
non-local (association with Groups 4 and
5), as defined by mineralogy. The first
pottery users at the site were, therefore,
pottery producers, but pots were also
brought to the site from other sources.

– Boquique, impressed, and incised dec-
orative techniques appear to have been
introduced to the site from a different
region of origin (association with
Groups 4 and 5). Boquique decoration,
in particular, has a strong link to the
weathered mica fabric group (Group 4).

– This decorative technique and style
were, however, rapidly transferred to
pots made in local quartzofeldspathic
fabrics (association with Groups 1, 2,
and 3). Moreover, it was combined with
impressed or dentated rims, exclusively
associated with Groups 1 and 2.

DISCUSSION AND CONCLUSIONS

The analysis of the pottery from Cabeço
da Amoreira has potentially far-reaching
implications for the interpretation of the
large-scale processes that took place
during the sixth millennium BC in the
Atlantic regions of the Iberian Peninsula.
Given the primary definition of the site as
a Mesolithic shellmidden, the presence of
pottery in stratigraphy and from an early
date is particularly significant.
The first pottery users at Cabeço da

Amoreira were also pottery makers, as
indicated by the predominance of mineral
associations consistent with the regional
and local geological setting. Moreover, the
Early Neolithic inhabitants appear to have
arrived at the site with a well-defined
technological tradition of pottery produc-
tion, uniform in its methods and products,

Table 6. Correlation between mineralogical group, decorative technique, and stratigraphic position.
Decoration: Bq: boquique; Imp: impressed; Inc: incised.

Mineralogical group Group 1 Group 2 Group 3 (3*) Group 4 Group 5 Group 6

Decorated pottery record
Id and technique

V56 Bq
V420 Imp rim

V419 Imp rim
V36 Imp rim
1A2b32 Bq +
Imp rim
1A2b46 Plastic

V35 Bq
1A2b103 Bq

V57 Bq
1A253 Bq
1A2b60 Bq

V59 Inc
1A2b5 Imp

1A36 Imp

Stratigraphic position V5, V4 V4, V3, A2b V3, A2b V5, A2, A2b V5, A2b A3

170 European Journal of Archaeology 24 (2) 2021

https://doi.org/10.1017/eaa.2020.40 Published online by Cambridge University Press

https://doi.org/10.1017/eaa.2020.40


and suggestive of a close-knit cultural
group.
However, Boquique, impressed, and

incised decorated pots were also brought
to the site from other places of origin, as
indicated by the identification of dis-
tinctive mineral inclusions in the ceramic
pastes. Three of the seven analysed
Boquique fragments belong to the exogen-
ous Group 4. This characteristic style was
rapidly transferred to locally made pots,
containing Tagus Valley sands, and was
also combined with impressed or dentated
rims that may have been a typical decora-
tive style in the region, associated exclu-
sively with local clay sources at Cabeço da
Amoreira (Groups 1 and 2) and with close
formal parallels at Cortiçóis (Benfica do
Ribatejo) (Cardoso et al., 2013) and
Moita do Sebastião (Cardoso, 2015).
At Cabeço da Amoreira, Boquique dec-

oration accounts for over half of the deco-
rated assemblage. This is a significantly
high proportion, considering that this dec-
orative technique is not usually documen-
ted as a predominant type in the Iberian
Peninsula (Alday & Moral, 2011), and it
may point to the strong cultural and
material identity of the Early Neolithic
occupants of the site. Indeed, the identifi-
cation of Boquique as the main decorative
style at Cabeço da Amoreira requires con-
sideration of the possible cultural filiation
of the Early Neolithic of the Muge valley
in relation to the coastal, inland, and
Mediterranean Neolithic groups and/or
cultural influences that were active in the
south-western Iberian Peninsula in the
second half of the sixth millennium cal BC.
Based on the chronological evidence for

the Muge region, previous work suggested
a first phase of contemporaneity between
the Mesolithic populations and the arrival
of the first Neolithic groups to Portuguese
Estremadura, and a second phase in which
the Early Neolithic communities began to
use the shellmiddens, after their

abandonment by the last Mesolithic
groups. This second phase has been
assigned a date range, based on available
radiocarbon results, of c. 7400–7000 cal BP

or 5450–5050 cal BC (Bicho et al., 2017:
40), spanning the accepted regional range
of the Early Neolithic, which may now be
characterized at Cabeço da Amoreira as a
predominantly Boquique horizon.
A large-scale study in the Iberian

Peninsula (Alday, 2009) suggested that
Boquique and Cardial may appear inde-
pendently or together at the same sites
and within the same date ranges. Based on
an extensive body of radiocarbon dates,
the initial development of Boquique has
been suggested in the mid-sixth millen-
nium cal BC in the central and western
regions of the Iberian Peninsula, and its
identification has been defended as a first-
order marker of the onset of the Early
Neolithic (Alday & Moral, 2011). However,
this proposal does not provide a satisfac-
tory explanation for the differential distri-
bution of Cardial and Boquique pottery.
For instance, the well-known Gruta do
Caldeirão has a Cardial horizon dated to c.
5480–5100 cal BC (at 2σ; Barnett, 1987;
Zilhão, 1993, 2001; Carvalho, 2011) but
no Boquique pottery has been recorded.
The implicit hypothesis, if, as argued by
Alday and Moral, the two styles were
coeval, is that sites may have been used by
groups with different ancestry or origins.
By contrast, other authors maintain the
contextualization of the Boquique style
towards the end of the sixth millennium,
and generally not earlier than 5100 cal BC,
in a second phase of the Early Neolithic
known variously as Epicardial or Evolved
(Carvalho, 2011, 2015). This is the case,
for instance, at the rock shelter of Pena
d’Água (Torres Novas), where Cardial and
Boquique ceramics are found sequentially:
Boquique is absent at the very base of the
sequence (Eb base), followed by Cardial
and Boquique in equal proportions in the
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upper division of the same layer (Eb),
while Cardial is absent and a lower pro-
portion of Boquique is present in the most
recent Early Neolithic phase (Ea)
(Carvalho, 2016, 2019). At Galeria da
Cisterna in the Almonda karst system,
Boquique pottery is attributed to the
Epicardial phase (Zilhão, 2001, 2009)
dated after c. 5000 cal BC (Zilhão &
Carvalho, 2011: 254), and in the granitic
interior region of the Alentejo, the
Epicardial open air site of Valada do Mato
(Évora), with minor amounts of Cardial
and Boquique pottery, is dated to the tran-
sition from the sixth to the fifth millen-
nium cal BC (Diniz, 2007, 2011, 2012).
The dates of the Cabeço da Amoreira

Boquique assemblage may therefore be
earlier than expected within the regional
context and it will be necessary to follow
up the characterization of pottery at neigh-
bouring sites (<5 km distance). Special
mention must be made of the open air
sites of Casas Velhas do Coelheiro
(Salvatierra de Magos) (Andrade et al.,
2015; Neves et al., 2015) and especially of
Cortiçóis (Benfica do Ribatejo) (Cardoso
et al., 2013), located to the north of the
river Muge and providing a close com-
parative context for the Early Neolithic
pottery assemblage of Cabeço da
Amoreira.
Interestingly, the terms Epicardial or

Evolved Early Neolithic imply an assump-
tion of continuity, whereas the appearance
of a characteristic decorative style with a
wide geographic distribution, as is the case
of the so-called ‘Boquique domain’, may
reasonably be considered suggestive of the
arrival of a new wave of incoming popula-
tions with a different pottery tradition.
Regarding the possible geographic origin
of the Boquique pottery documented at
Cabeço da Amoreira, the identification of
a visually distinctive mica-rich fabric, with
a particularly strong association to this
decorative style, is noteworthy, as is

granite, identified in a small number of
other samples. The mineralogical evidence
provided by Groups 4 and 5, therefore,
suggests a geological and geographic refer-
ence to the granitic domains of central
Portugal. The observation of grog temper
in a single granite-bearing sample may
also indicate a specific technological prac-
tice not known (to date) in the local sandy
fabrics. Additional supporting evidence
comes from the individual burial Wk-
35718, dated to c. 5350 cal BC, for which
strontium isotope results indicate an
exogenous origin in the Ossa Morena or
Central Iberian zones (Price, 2015: 232–
33). Potter’s clay and human bones, there-
fore, provide converging evidence, appar-
ently contrary to the maritime pioneer
colonization model, although this proposal
warrants careful further assessment.
The mobility of people, ideas, and pro-

ducts is, arguably, one of the defining fea-
tures of the process of Neolithization,
envisaged as the result of demic and/or
cultural diffusion. Decorative traits on
pottery have been used extensively for clas-
sification and cultural assignation, while
technological analyses have attracted less
attention, despite their proven potential.
Recently, for instance, Masucci and
Carvalho (2016) have identified the bidir-
ectional long-distance transport of Cardial
pottery in the second half of the sixth mil-
lennium BC between the Algarve and
Estremadura in Portugal. In the case of
Cabeço da Amoreira, the granitic rock
fragments and mineral associations point
inland towards the Alentejo and provide a
solid lead for future work.
By carefully defining the material under

study, based on secure site stratigraphy
and dates, we have reached a better under-
standing of the Cabeço da Amoreira Early
Neolithic pottery assemblage, and have
also strengthened the contribution of the
pottery analysis to the broader questions
surrounding the nature of the site and its
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occupants. Within the context of the
Mesolithic-Neolithic transition and the
Early Neolithic in south-western Europe,
the new results made available from
Cabeço da Amoreira are certainly impactful
for the region and period under study.
Planned future work will further expand
and test the data and ideas presented here.
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Le Néolithique ancien des amas coquilliers de Muge (Portugal) : mise au point et
analyse de la céramique provenant de Cabeço da Amoreira

Les auteurs de cet article présentent une mise au point détaillée des données connues à ce jour et une
analyse des aspects décoratifs et minéralogiques d’un ensemble de céramique stratifié et daté par radio-
carbone appartenant au Néolithique ancien et provenant de l’amas coquillier de Cabeço da Amoreira
dans la region de Muge (Portugal central). Une tradition homogène de production céramique s’est appa-
remment établie dès le début, représentée par des productions locales et exogènes. Ces dernières permettent
aux auteurs de formuler une hypothèse de travail concernant leur origine et de contribuer aux discussions
sur les dynamiques de la mobilité et réseaux sociaux au cours de la Néolithisation de l’Europe du sud-
ouest. Translation by Madeleine Hummler

Mots-clés: analyse de céramiques, analyse pétrographique de céramiques, Néolithisation, amas
coquilliers, Europe occidentale

Das Frühneolithikum in den Muschelhaufen von Muge (Portugal): eine Übersicht
und Auswertung der Keramik von Cabeço da Amoreira

Dieser Artikel betrifft die frühneolithische Keramik aus dem Muschelhaufen von Cabeço da Amoreira in
der Gegend von Muge in zentral Portugal. Die Autoren liefern eine detaillierte Übersicht der bisher
bekannten Angaben und eine Untersuchung der Ziertechniken und mineralogischen Elemente, welche in
einer stratifizierten und 14C-datierten Sammlung von Keramik aus dieser Fundstelle vorkommen.
Eine einheitliche Herstellungstradition ist scheinbar von Anfang an vorhanden, und durch lokale sowie
fremde Keramik vertreten. Dies führt zu einer Arbeitshypothese über die geografische Herkunft der
fremden Keramik, und zu einer Diskussion der Dynamik der Mobilität und sozialen Netzwerke in der
Neolithisierung von Südwesteuropa. Translation by Madeleine Hummler

Stichworte: Keramikanalyse, Analyse der Petrographie von Keramik, Neolithisierung,
Muschelhaufen, Westeuropa
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