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Abstract:  This work results from a combination of sedimentological, palaeocological and archaeological data, made available 

due to special meteo-marine conditions that removed sand from the beach of Rio de Moinhos, exhuming older 

sedimentary deposits and bringing into evidence a huge amount of archaeological remains – Prehistoric and Roman 

(the latter not considered here). 

In this paper the relationship between the palaeoenvironments and the contemporary human evidence is analysed. The 

time interval considered in this study goes from 5590±80 yr BP (4614-4319 cal BC 2) to 3550±30 yr BP (2007-1772 

cal BC 2) and encompasses a succession of environments comprising an Alnus forest, a wetland, a brackish lagoon 

and a fresh water lake, showing a progressively finer and more organic sequence, and higher infilling rates. Initially, in 

the wetland phase, there are no certain traces of human activity in the pollen content, but from around 4860±30 yr BP 

(3703-3539 cal BC 2) cereal cultivation and agriculture are detected. Later on indications of grazing also appear. 

However, human presence is well documented by a lithic assemblage dated from the interval between 5590±80 y BP 

(4614-4319 cal BC 2) and 4680±30 yr BP (3622-3370 cal BC 2). Another lithic industry predates 5590±80 yr BP, 

being therefore prior to the Alnus forest. Apparently, it documents the earliest evidence of human presence at the site. 

Resumo: Mudanças ambientais e ocupação humana durante o Holocénico médio na Praia de Rio de Moinhos (Esposende, 

Norte de Portugal) 

Este texto resulta da combinação de dados sedimentológicos, paleoecológicos e arqueológicos obtidos na sequência de 

condições meteorológicas e marinhas particulares, que provocaram a remoção de areia da praia de Rio de Moinhos, 

expondo depósitos sedimentares antigos e inúmeros vestígios arqueológicos – Pré-históricos e Romanos (estes últimos 

não considerados neste trabalho). Nele são analisadas as relações entre os paleoambientes e as evidências da presença 

humana no local. 

O intervalo temporal considerado está balizado entre 5590±80 yr BP (4614-4319 cal BC 2) e 3550±30 yr BP (2007-

1772 cal BC 2), período durante o qual ocorreu uma sucessão de ambientes que compreendem uma floresta de Alnus, 

uma zona húmida pantanosa, uma lagoa de água salobra e um lago de água doce, revelando uma sequência sedimentar 

progressivamente mais fina e orgânica, com taxas de acreção cada vez mais elevadas. Inicialmente, durante a fase 

pantanosa, o registo polínico não revela vestígios claros de actividade humana; a partir de 4860±30 yr BP (3703-3539 

cal BC 2) a agricultura, nomeadamente a cerealífera, passa a estar bem documentada. Um pouco mais tarde aparecem 

igualmente indicadores da prática do pastoreio. 

Todavia, a presença humana no local está confirmada por uma indústria lítica datada do intervalo entre 5590±80 yr BP 

(4614-4319 cal BC 2) e 4680±30 yr BP (3622-3370 cal BC 2). Um segundo conjunto lítico é anterior a 5590±80 yr 

BP, ou seja, anterior ao desenvolvimento da floresta de Alnus. Ao que tudo indica, este conjunto testemunha os 

vestígios humanos mais antigos conhecidos neste sítio arqueológico. 

Keywords: Mid-Holocene; lagoon environment; Palynology; lithic assemblages; Rio de Moinhos beach.  

1.  INTRODUCTION 

In 2005, following adverse meteorological con-

ditions, the beach of Rio de Moinhos, in Esposende 

(Fig. 1), lost a lot of sand, exposing, for the first 

time, hidden pieces of the history of this coast. It 

was possible to observe not only exhumed sedi-

mentary deposits overlying the bedrock but also 

tree stumps in life position, several wood artefacts 

and a huge quantity of Roman pottery. 

The first notice concerning this case study 

was presented in Braga in 2010 (GRANJA & MO-

RAIS 2010) and in Belgium in 2012 (GRANJA et al. 

2012). Later on, some preliminary results from 

multidisciplinary approaches were published in 

MORAIS et al. (2013), MONTEIRO-RODRIGUES et 

al. (2013), OLIVEIRA et al. (2015) and GRANJA & 

DANIELSEN (2015). 

Meanwhile, sand re-covered the deposits and 

the findings but at the end of December 2012, dur-

ing an occasional trip to the beach, it was possible 

to observe that a dark deposit outcropped again at 

low tide. By the beginning of 2013, the extension 

of the outcropping deposit had doubled.  
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Fig. 1. Rio de Moinhos beach location. Position of the ST cores and lithic artefacts (red oval: area with the 
highest concentration of lithics) (Ortophoto extracted from Google Earth 7.1.5.1557). 
Fig. 1. Localização da praia de Rio de Moinhos. Localização dos cores ST e dos artefactos líticos (oval vermelha: 

área com maior concentração de artefactos líticos) (Ortofoto extraída do programa Google Earth 7.1.5.1557). 
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At the same time (between December 2012 

and the beginning of January 2013) a prehistoric 

macrolithic assemblage, made of quartzite pebbles, 

was identified at the surface of the dark deposit 

outcrop. This finding was considered quite relevant 

because it was connected to an unprecedented ar-

chaeological context, apparently very well pre-

served as the artefacts seemed to be found in pri-

mary position. Indeed, both the lithic artefacts and 

the thermoclasts did not present any sign of rolling; 

some of them could be refitted (the distance between 

the refitting elements did not exceed 2 m); and there 

was an important number of very small flakes among 

the assemblage (MONTEIRO-RODRIGUES 2013). 

In January 2013, another set of artefacts – these 

strongly rolled – was identified both at the surface of 

the outcrop as well as at the base, more precisely in 

a marine conglomerate that underlay the dark sedi-

mentary deposit (MONTEIRO-RODRIGUES 2013). 

These two assemblages seem to document 

distinct moments of Human presence at the site, 

temporally far apart. 

Through the study of exhumed sediments and 

correlative lithic artefacts found at  the beach of Rio 

de Moinhos, this paper intends to be a contribution 

to the understanding of how the interactions between 

people and the surrounding environment occurred 

during a period of intense changes, between c. 7000 

and 3000 yr BP (c. 5000 and 2000 BC). 

 

2.  GEOLOGICAL BACKGROUND 

 

The beach of Rio de Moinhos, north of 

Esposende (Fig. 1), between the Neiva and Cávado 

rivers, is located over a rocky platform (with two 

main steps, SOARES DE CARVALHO et al. 2006) 

that extends inland for more than 1500m, roughly 

parallel to the coastline. 

The present coast is of mixed energy, wave 

and tide dominated. Tides are mesotidal, semi-

diurnal, with mean amplitude of 1 m in neap tides 

and 2.8 m in spring tides. Maximum amplitude can 

reach 3.9 m. Waves are characterized by mean 

height of 2 m and period of 9 s. The main approach 

direction is from NW. 

The platform presents two Palaeozoic forma-

tions (one from the Ordovician and another from 

the Silurian), crossed by quartz veins (TEIXEIRA et 

al. 1969; PEREIRA 1992). Structurally, the two 

formations constitute a syncline with a NW–SE 

axis. Its eastern flank is in contact with granites 

through faults and shear zones that are also orien-

tated NW–SE. The Ordovician rocks of the west-

ern flank constitute the bedrock of the beaches. 

This bedrock, forming a shore platform of c.  

0.3º, outcrops on the beach. It presents morpho-

logical features that point to relative sea level 

changes during the last thousands of years. Many 

grooves of sea urchins (at a height of 0.0 to 1.0 m 

MSL) point to the existence of an infra-littoral 

environment while saltpans (at a height of -1.0 to 

2.0 m MSL) to a supra-tidal environment (Fig. 2). 

A rusty conglomerate composed by well-rounded 

quartzite pebbles (conglomerate A) is also notice-

able in some places overlaying the platform (Fig. 3). 

The Pleistocene–Holocene sediments were 

accumulated in depressed areas of the platform, 

structurally controlled by fault strikes that cross the 

synclinal structure (NW–SE, NE–SW and E–W). 

Some of these faults were reactivated during Pleis-

tocene–Holocene times (CABRAL 1993). 

The Holocene coast would have been jagged, 

with headlands and small lagoons in between, pro-

tected by barriers located westwards of the present 

coastline. This is supported by the age and facies of 

the sedimentary deposits (Fig. 4) overlaying the plat-

form and outcropping in the low tide area of present 

beaches along the NW Portuguese coastline (e.g. 

GRANJA 1999; SOARES DE CARVALHO & GRANJA 

2003; GRANJA et al. 2010; RIBEIRO et al. 2011). 

Fig. 2. Urchin casts (left) and saltpan (right) carved in the platform outcropping at Rio de Moinhos beach. 
Fig. 2. Marcas de ouriços (à esquerda) e salina entalhada (à direita) na plataforma aflorante na praia de Rio de Moinhos.  
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3.  METHODOLOGIES 

Cores 

Several short cores were obtained from the 

sedimentary deposit outcropping in the low tide 

area of the beach (Fig. 1). Though variable, the 

sediment thickness over the platform is never 

higher than 50 cm, so a hand gouge auger (with 2 

cm internal diameter) was used. 

The cores were opened and the main sedi-

mentary facies identified. According to the facies, 

samples from each core section were taken for 

sedimentological analyses, pollen and diatom (not 

used in this paper) content, and dating. For this 

work ST8, ST10, ST13 were used for sedimentary 

analysis and ST1 for pollen identification. ST1 and 

ST2 were used for dating purposes.  

 
Sedimentary analysis 

Sedimentological analyses comprised the 

main composition, the size analyses, the organic 

matter content and the grain observation at a bin-

ocular magnifying glass. 

Samples were dried at 40º C and weighed; 

Fig. 3. Rusty conglomerate (conglomerate A) overlying the platform. 
Fig. 3. Conglomerado ferruginoso (conglomerado A) assente na plataforma. 

Fig. 4. Fine, dark and organic sedimentary deposit outcropping in the beach of Rio de Moinhos. General view (left) and detail 
(right). 
Fig. 4. Afloramento do depósito fino, negro e orgânico da praia de Rio de Moinhos. Vista geral (esquerda) e pormenor (direita). 

then treated with H2O2 to remove the organic mat-

ter, and again washed, dried and weighed. After 

this treatment, samples were ready to be separated 

by size fractions. 

Grain size analysis was performed with a 

combination of dry sieving (>63 μm) and Sedi-

graph (<63 μm). Samples <63 μm were pre-treated 

with Na16P14O43 at 10% for deflocculation. After 

washing and drying, a solution was prepared for 

the analysis in the Sedigraph. 

The laboratory routines were done according 

to TUCKER (1988) and GALOPIM DE CARVALHO 

(2005). Statistical parameters were determined 

using Sedmac (HENRIQUES 2004) software. 
 

Pollen content 

From each sample, 1 cm3 was extracted, fil-

tered with a sieve (250 μm) and treated chemically 

according to standard procedures (FÆGRI & 

IVERSEN 1975), including cold HF treatment for 48 

hours in order to destroy everything except pollen 

and other palynomorphs. 

Pollen and non-pollen palynomorphs (NPP) 

were then counted with the help of an optical mi-
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croscope at 600-1000X and identification was fa-

cilitated by a reference collection and pollen at-

lases. The pollen diagram was constructed using 

the Tilia and Tilia graph (GRIMM 1991-93). 

 

Radiocarbon dating 

Organic sediments and wood were radiocar-

bon dated by specialized laboratories (Table 1). 

Organic sediments were dated by AMS. The cali-

bration of the dates was performed with Calib 7.0.4 

(STUIVER & REIMER 1993) program, using the 

IntCal13 calibration curve (REIMER et al. 2013). 

The isotopic ratio 13C was also assessed as it 

can give additional information about the marine 

and/or terrestrial origin of the organic matter 

(marine environments are enriched in 13C com-

pared with terrestrial ones). 

 

Table 1. 14C Dating 
Tabela 1. Datações 14C 

Lithic artefacts 

The lithic artefacts have been collected from 

the surface of the deposits outcropping at the beach 

of Rio de Moinhos since surveys started in 2012 

(Fig. 1). As the access to the archaeological layers 

was possible only during low tide, the collection 

procedures were very expeditious. Basically, only 

the stratigraphic and the spatial context of the arte-

facts were recorded (mainly through photography). 

Although no excavations were done it is possible, 

at the moment, to determine the exact stratigraphic 

position of the artefacts. 

The description and the analysis of the lithic 

assemblages (MONTEIRO-RODRIGUES 2013) were 

based on criteria developed by several authors who 

have been studying macrolithic industries from 

different regions of Portugal (e.g. MEIRELES 1992, 

CUNHA-RIBEIRO 1999, MONTEIRO-RODRIGUES 1996). 

Specifically, the classification of the cores followed 

Santonja (1984-85). The analysis of the pebbles with 

only one distal removal, which are related to bipolar 

knapping on anvil, was based on Mourre (1996, 

2004) and Prous et al. (2009-2010). The thermo-

clasts study followed the work of Leesch (1997) and 

Sampaio (2009). The analysis of the lithic artefacts 

from Rio de Moinhos beach also included some 

experimental procedures described in Monteiro-

Rodrigues (2013). 
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Fig. 5. Sedimentary main composition (A) and Folk and Ward statistics (B) of ST cores. 
Fig. 5. Composição sedimentar principal (A) e estatísticos de Folk e Ward (B) dos cores ST. 

4.  RESULTS 

Sedimentary facies characterization 

The exposed rocky platform is clean or over-

laid by a thin sedimentary deposit. The platform 

itself is polished and presents many casts of sea ur-

chins (infra-littoral environment) at heights between 

0.0 and 2.0 m MSL, as well as saltpans (supratidal 

environment) at heights between -1.0 and 2.0 m 

MSL, both of uncertain age (Fig. 2). 

A deposit of cemented and rusty rounded 

quartzite pebbles forming a conglomerate 

(conglomerate A), overlying the platform, out-

crops in some low tide areas of the beach (Fig. 3).

 Looking at the short cores ST, some variation 

in their main composition (relative % of gravel, 

sand, silt and clay) can be observed. However, two 

main units can be considered: the lower, coarser, 

with >50% of sand and gravel (U I), and the upper, 

finer, with >50% of silt and clay (U II) (Fig. 5A). 

The fining upwards is in accordance with the in-

crease of organic matter, very high in the topmost 

layers. 

ST13, as a whole, is coarser and more homo-

geneous than ST8 and ST10.  

Looking at Folk and Ward statistics (Fig. 

5B), all the sediments from the cores present high 

values of standard deviation which means very 
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poorly sorted sediments. On closer inspection, U I 

can be sub-divided in two fining and two coarsen-

ing upwards alternating sets, more evident in ST8 

and ST10 and less perceptible in ST13, that is, as a 

whole, coarser than the others. This means that 

some spatial heterogeneity related with the dynam-

ics and sedimentary inputs was present which is 

not incompatible with a wet area environment. The 

unit U II is fining upwards except in the uppermost 

2 cm of ST8. 

Fining upwards and increasing organic con-

tent is compatible with a quiet water environment 

where deposition is slow and biological activity is 

favoured. 

The samples observed with the binocular mag-

nifying glass show very immature quartz grains, 

with sharp edges, which points to proximal sources 

and small transport, and hence, terrigenous genesis. 

 

Palynology 

Tree stumps and roots of Alnus glutinosa 

aged 5590±80 yr BP (4614-4319 cal BC 2) and 

5480±30yr BP (4433-4260 cal BC 2) (Table 1) 

are found at the base of the sedimentary sequence. 

The pollen diagram (Fig. 6) may be divided 

into three pollen assemblage zones (PAZ) mainly 

on the basis of changes in local pollen assem-

blages (GRANJA & DANIELSEN 2015). Regional 

vegetation seems to have been a relatively perma-

nent oak forest. 

From the base to the top of the sequence, the 

three PAZ are as follows: 

 

PAZ I (34-31cm): Wetland 

Local vegetation is dominated by aquatic or 

semi-aquatic quillworts (Isoetes) together with 

Poaceae and Cyperaceae. Other well represented 

hygrophilous herbs were Potamogeton, Hydro-

cotyle and Lythrum salicaria. Alnus and Salix 

were common in the local wetland while in the 

drier upland vegetation the predominant trees were 

various oaks (Quercus). Hedera helix is present 

with high percentages and seems to have grown 

locally at this stage. The content of large pollen of 

Poaceae (possibly Cerealia) may indicate agricul-

ture and human presence in the vicinity of the 

wetland in this more ancient deposit although we 

cannot discard the inflection of Cerealia type pro-

duced by salt marsh and dune Poaceae (MATEUS 

1992). 

This phase ends at 4860±30 yr BP (3703-

3539 cal BC 2). 

 

PAZ II (31-18.5cm): Brackish influenced 

wetland  

This environment encompasses the interval 

between 4860±30 yr BP (3703-3539 cal BC 2) 

and 4060±30 yr BP (2839-2483 cal BC 2). 

The pollen assemblage is typical of a lagoon 

or wetland influenced by brackish water creating 

eutrophic conditions. The site was characterized 

by Alnus and Salix during this period, typical gen-

era of eutrophic lagoon edge forests. Hygrophilous 

shrubs and herbs dominate the local pollen assem-

blage. Myrica has high representation and various 

Cyperaceae species have peak appearances. Ferns 

of the Polypodiaceae family seem to have been 

common at this stage. 

The upland vegetation remains relatively 

stable and characterized by oak forest. One pollen 

grain of Hordeum was identified at this stage and, 

together with the marked increase of ruderal plants 

from Brassicaceae and Papaveraceae, may indicate 

agricultural practices in the near vicinity. Notice-

able for this zone is, furthermore, the high content 

of charcoal particles with peak values in the darker 

layer. The arboreal pollen content, be it local or 

regional, does not show large changes at this level. 

The local edge forest of Alnus and Salix only dis-

appeared some time after the charcoal peak. The 

Poaceae curve, however, is inversely correlated to 

the charcoal curve at this stage. This may possibly 

be an indication of deliberate burning of the fields 

by the local population. Charcoal particles may 

also have originated from fireplaces or hearths. 

 

PAZ III (18.5-0cm): Fresh water lake  

This environment occurred between 4060±30 

yr BP (2839-2483 cal BC 2) and 3550±30 yr BP 

(2007-1772 cal BC 2). 

During this period the site was inundated by 

fresh water and aquatic plants became abundant. 

Nymphaea, Myriophyllum alterniflorum and Spar-

ganium were the most common, and fresh water 

algae appeared represented by Botryococcus and 

Pediastrum boryanum. Presence of aquatic plants 

and the green algae Pediastrum, in particular, are 

proof of the exclusion of salt water in this period as 

they are not salt tolerant (MEDEANIC 2006). The 

edge forest disappeared or receded to dryer areas 

and pollen from Alnus and Salix strongly decrease. 

The upland vegetation remains relatively 

constant and does not seem to have been influ-

enced by the inundation of the local site. Rela-

tively high values of Chenopodiaceae pollen may 

reflect the establishment of saltmarshes in the area 

bordering the lake towards the ocean. During this 

phase we find possible indications of pastures due 

to the increased presence of species of the Plan-

taginaceae (BEHRE 1981) and scattered occurrence 

of pollen of Urtica. 

 

Dating 

At the moment eleven 14C datings are avail-

able for the sedimentary deposit from Rio de 

Moinhos beach: four were obtained from organic 

sediment, four from wood and three from peat 

(Table 1). 
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Tree stumps of Alnus glutinosa in life position 

gave the age of 5590±80 yr BP (4614-4319 cal BC 

2) and 5480±30 yr BP (4433-4260 cal BC 2), 

and a wood fragment, apparently an artefact (?), was 

dated to 4570±80 yr BP (3622-3024 cal BC 2). 

The stumps are prior to the basal level of the 

dark and fine sedimentary sequence, correspond-

ing to PAZ I, whose top is of the age 4860±30 yr 

BP (3703-3539 cal BC 2). Alnus was common in 

PAZ I and PAZ II (a progressively brackish wet-

land). The woody artefact may be contemporary to 

PAZ II which ends around 4060±30 yr BP (2839-

2483 cal BC 2). At this level there is a noticeable 

abundance of charcoal which may be a conse-

quence of wild fires or deliberate burning by man. 

PAZ III (fresh water lake) ends abruptly at 

3550±30 yr BP (2007-1772 cal BC 2) with a 

strong decrease of Alnus. 

 

Stratigraphic position and techno-typological 

characteristics of the lithic industry 

Field observations allowed the recognition of 

two distinct artefactual sets (Fig. 7): i) a very rolled 

one (represented by 48 units) and ii) a non-rolled 

one (represented by 446 units) (MONTEIRO-

RODRIGUES 2013)1. 

Fig. 7. The stratigraphic position of the lithic artefacts from Rio de Moinhos beach. L) Lagoon deposit. M) Marine conglomerate 
(conglomerate B). A) Chopper in situ in the base of the lagoon sediment. B) Fire-cracked pebbles in situ in the base of the lagoon 

deposit. C) Rusty conglomerate over the bedrock (conglomerate A). D) Conglomerate underlying the lagoon deposit (conglomerate 

B). E) Rolled chopper from conglomerate B. F) Tree stumps in life position apparently overlying the marine deposits and underly-

ing the lagoon sediments dated to 5590±80 yr BP (4614-4319 cal BC 2) and 5480±30 yr BP (4433-4260 cal BC 2). 
Fig. 7. Contexto estratigráfico dos artefactos líticos da praia de Rio de Moinhos. L) Depósito lagunar. M) Conglomerado marinho 

(conglomerado B). A) Seixo talhado unifacial in situ na base do sedimento lagunar. B) Termoclastos in situ na base do depósito lagunar. C). 

Conglomerado ferruginoso sobre o bedrock (conglomerado A). D) Conglomerado sob o depósito lagunar (conglomerado B). E) Seixo 

talhado unifacial rolado do conglomerado B. F) Troncos de árvore em posição de vida, aparentemente sobre os depósitos marinhos e sob os 

sedimentos lagunares datados de 5590±80 yr BP (4614-4319 cal BC 2) e 5480±30 yr BP (4433-4260 cal BC 2). 

1 At the moment these two sets totals more than 1000 artefacts (to be studied).  
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The first set was associated with a conglomer-

atic to sandy deposit (conglomerate B, Fig. 7D) that 

underlies the lagoon sediments and overlies the 

bedrock and, apparently, the rusty conglomerate 

(conglomerate A, Fig. 7C). A few rolled artefacts 

also occur in the lowest 20 cm of the dark sequence, 

which roughly corresponds to PAZ I and PAZ II. 

The other set – the non-rolled one – was 

identified exclusively in the lowest 20 cm thick 

level of the dark deposit; the top of this level was 

dated to 4680±30 yr BP (3622-3370 cal BC 2), 

Fig. 8. Refittings from the base of the lagoon deposit. 
Fig. 8. Remontagens identificadas na base do depósito lagunar. 

thus representing the terminus ante quem for this 

lithic assemblage. As mentioned above, the ab-

sence of traces of rolling in the stone-tools of this 

set, the existence of refittings among the artefacts 

(Fig. 8) and the thermoclasts, and the occurrence of 

small size flakes suggest that this assemblage may 

be in situ (MONTEIRO-RODRIGUES 2013). At the 

north end of the outcrop, where the sedimentary 

sequence is thinner, these artefacts occur almost in 

contact with the bedrock or occasionally over the 

rusty conglomerate A (Fig. 7C). 

In the southern and eastern sectors of the 

outcrop, where the sedimentary sequence is 

thicker, no lithic artefacts were found at the sur-

face. This suggests that the artefacts are in fact 

related to the lowest levels of the lagoon deposit. 

As some of the rolled artefacts show non-

rolled negatives (i.e. double patina) it is assumed 

that the rolled assemblage is older than the non-

rolled one. On the other hand, the rolled assem-

blage includes “picks” (picos), a morphotype that is 

known in several Pleistocene contexts (MONTEIRO-

RODRIGUES & CUNHA-RIBEIRO 1991; MEIRELES 

1992), namely in the “Ancorense” (MIS 3/MIS 2 

according to MEIRELES 1992, 2009), but also in the 

Holocene (MONTEIRO-RODRIGUES 2013). 

From a techno-typological point of view, the 

lithic assemblage from Rio de Moinhos beach 

(MONTEIRO-RODRIGUES 2013) consists of cores 

(70), flakes (165), knapped pebbles (choppers, 

chopping tools, and others) (160), “picks” (picos) 

(3), flake tools (12), intentionally fractured pebbles 

(55) and other atypical lithics (29). Almost all of 

these artefacts were made of local quartzite peb-

bles. The use of quartz is residual (c. 2% of the 

total). 

In regard to the cores (Fig. 9), the most com-

mon are those of the group II (>60%), followed by 

those of the group V (>26%) (SANTONJA 1984-

85). Among the latter, two distinct debitage se-

quences were identified (MONTEIRO-RODRIGUES 

2013). A third technotype – cores with radial inva-

sive removals, defined by Meireles (1992) – is 

also present. Cores of the group I and III 

(SANTONJA 1984-85) have little expression. 

The flakes are mostly cortical (primary) with 

cortical butts. This confirms the relevance of uni-

facial knapping within the lithic industries from 

the Minho Littoral region (MEIRELES 1992, 2009). 

Among the knapped pebbles, three categories 

were identified: choppers (57), chopping tools (4) 

and pebbles with only one distal removal (99). 

Some of the latter, with a large removal and use-
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Fig. 9. A) Group II core. B) Group V core. C) Core with 
radial invasive removals. 
Fig. 9. A) Núcleo do grupo II. B) Núcleo do grupo V. C) Núcleo 

de extracções radiais invasoras. 

Fig. 10. “Picks” from the base of the lagoon deposit. A 
rolled one (left) and a non-rolled one (right). 
Fig. 10. Picos provenientes da base do depósito lagunar. Exem-

plar rolado (esquerda) e exemplar não rolado (direita). 

wear traces, were considered to have the same 

function as the choppers. Other cases, involving 

mostly small size pebbles, seem to be the result of 

bipolar knapping on anvil (MOURRE 1996, 2004; 

PROUS et al. 2009-2010; MONTEIRO-RODRIGUES 

2013). For now, the functionality of these pebbles 

is unknown. 

With regard to the “picks” (picos), a quite 

uncommon stone tool, their morphological vari-

ability must be mentioned (MEIRELES 1992) as 

well as the fact that they are present in both the 

rolled and the non-rolled lithic assemblages from 

the Rio de Moinhos beach (Fig. 10). This fact sug-

gests that their production may have occurred dur-

ing a long period of time, i.e. from the Pleistocene 

(MEIRELES 1992, 2009) to the Holocene 

(MONTEIRO-RODRIGUES 2013).  

Flake tools are very scarce (9). Basically, 

only retouched flakes and scrapers were found. 

A last category of lithics consists of pebbles 

that were intentionally broken, in most cases ac-

cording to a plan that is perpendicular to the major 

axis of the pebble (MONTEIRO-RODRIGUES 2013). 

These artefacts, also found in some other sites of 

the region (MEIRELES 1992), were broken locally 

as they do not show any traces of rolling, and in 

some cases refitting was possible (MONTEIRO-

RODRIGUES 2013). 

An important number of thermoclasts was 

found together with the non-rolled lithic assemblage 

(Fig. 7B). Some show flat and/or convex fractures; 

others exhibit polygonal microcracks (LEESCH 

1997; SAMPAIO 2009). A small set was refitted. 

 
5.  DISCUSSION 

The rusty conglomerate A is very probably 

contemporaneous with a high relative sea level 

when the platform was exposed to wave action 

(much like what happens currently, during spring 

tides, after the recent sand loss and beach retreat-

ing). Pebbles may be reworked from previous flu-

vio/marine deposits, located at higher levels, and 

brought by river flow. Pebble and cobble deposits 

exist landwards, over the highest unit of the low 

platform and even over the high platform (SOARES 

DE CARVALHO et al. 2006). Pebbles and cobbles 

can also come from submerged deposits (GRANJA 

& FERREIRA 2006). 

Without any kind of age indicator (e.g. dat-

able bio-indicators), it is hard to establish the prob-

able period of platform immersion by sea or if 

there was more than one event of immersion and 

emergence. The platform presents sea urchin casts 

but also saltpans (Roman?; oral information of 

Brochado de Almeida), indicating, respectively, 

infra-littoral and supra-tidal positions, sometimes 

coexisting at the same site (Fig. 1). Though their 

relative antiquity is unknown, it is more plausible 

to accept that the existence of an infra-littoral envi-

ronment on the present beach is prior to the instal-

lation of saltpans, since urchin casts are not found 

at the bottom but on their borders (Fig. 2). So, this 

would mean that the site (present spring low tide 

area of the beach) was subject to relative sea level 

fluctuations from MIS 5e (if conglomerate A is 

accepted to be Eemian) up until historical times, 

whose forcing factors are still under research. 

During the Last Glacial (MIS 3/MIS 4) the 

platform and shelf were emerged. It is possible that 

continental deposits, other than fluvial, established 

on it and older marine deposits exposed at the time 

acquired their reddish “varnish” characteristic 

(conglomerate A). 

After the Last Glacial Maximum (during MIS 

2) and with sea level rising, deposits on the inner 
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shelf would have been mobilised and reworked. 

Some of them are still nourishing present beaches 

(GRANJA & PINHO 2013). 

Tree stumps of Alnus glutinosa aged 5590±80 

yr BP (4614-4319 cal BC 2) and 5480±30 yr BP 

(4433-4260 cal BC 2) are evidence that a forest 

was present in Rio de Moinhos beach before its 

conversion into fresh wetland. This forest proba-

bly extended westwards of the present coastline, 

across an area emerged at that time. Some of the 

first observable tree stumps (GARCÍA-AMORENA et 

al. 2007) are in infra-tidal position. 

We cannot know for certain if the forest was 

developed over the basal marine unconsolidated 

conglomerate B, apparently overlaying conglomer-

ate A. However, at the moment, the most logical 

hypothesis suggests that the forest is posterior to 

both basal marine deposits (considering conglom-

erate A as Eemian and conglomerate B as prior to 

5590±80 yr BP). 

Part of the rolled lithic assemblage is associ-

ated with the unconsolidated conglomerate B, thus 

documenting the earliest traces of human presence 

at the site. In fact, by accepting that the marine 

deposits are underlying the palaeo-forest, this as-

semblage must be older than 5590±80 yr BP (4614

-4319 cal BC 2)/ 5480±30 yr BP (4433-4260 cal 

BC cal 2). As mentioned above, “picks” (picos) 

similar to those found in this assemblage have been 

related to different stages of the Pleistocene, namely 

with MIS 3/MIS 2, although they continue to be 

produced during the Holocene (MEIRELES 1992, 

2009; MONTEIRO-RODRIGUES 2013). The forest of 

Alnus, over the unconsolidated gravel level, was 

inundated before 4860±30 yr BP (3703-3539 cal 

BC 2), probably due to the rising sea level. 

At Castelo do Neiva, north of Rio de Moin-

hos, a peaty outcrop on the beach was dated to 

5880±60 BP (4927-4584 cal BC 2) (RIBEIRO et 

al. 2011). According to these authors, this sedi-

ment corresponds to a rheotrophic hydrological 

regime where the water level always remained 

above the topographic surface of the basin, in a 

forest swamp. They also suggest that the environ-

ment was a wetland without marine influence, 

which is in accordance with the basal unit of Rio 

de Moinhos beach. According to its age – 5880±60 

yr BP (4927-4584 cal BC 2) – this peaty layer 

(not yet found at Rio de Moinhos) could corre-

spond to the organic level where the forest of Alnus 

was established. 

At Foz do Neiva beach, non-rolled 

“picks” (picos) were found in a gravelly-sandy 

deposit under a lagoon sequence (peat from an 

outcrop of this sequence was dated to 4250±50 yr 

BP – 3010-2641 cal BC 2 – placing it within the 

temporal limits of PAZ II). This archaeological 

context needs, however, further research 

(MONTEIRO-RODRIGUES 2013). 

The non-rolled assemblage occurs between 

the base of PAZ I – after 5590±80 yr BP (4614-

4319 cal BC 2)/ 5480±30 yr BP (4433-4260 cal 

BC 2) – and a level dated to 4680±30 yr BP 

(3622-3370 cal BC 2), a few centimetres below 

the top of PAZ II (4060±30yr BP, 2839-2483 cal 

BC 2). This suggests that this lithic assemblage 

(that also includes “picks”) was produced over a 

long period of time – roughly, from the end of the 

Early Neolithic to the Middle/Late Neolithic (c. 

4600-4300 yr BC to c. 3600-3400 yr BC). However, 

one should not exclude the possibility that this as-

semblage relates to a shorter time range. In fact, the 

wide vertical distribution of the stone tools in the 

deposit may result from post-depositional processes 

(namely clay shrinkage). Despite this chronology, 

no pottery was found in the lagoon deposits. 

The identification of fire-cracked pebbles 

among this lithic set confirms that human occupa-

tion occurred, at least sometimes, when the lagoon 

was dry. PAZ II – 4860± 30 yr BP (3703-3539 cal 

BC 2) to 4060±30 yr BP (2839-2483 cal BC 2) 

–, for example, shows a high content of charcoal 

which probably originated from hearths. 

The presence of rolled artefacts in this or-

ganic deposit suggests sediment inputs from for-

mer deposits. 

Regarding the livelihood activities of the pre-

historic groups who visited Rio de Moinhos beach, 

almost no data is available. According to the paly-

nological results, it is not possible to affirm that 

agriculture was practiced before 4860±30 yr BP 

(3703-3539 cal BC 2). Although the identification 

of possible Cerealia based on large pollen size may 

be an indication of farming, a wild grass origin of 

these pollen grains is a more likely explanation. 

However, after 4860±30 yr BP (3703-3539 

cal BC 2) and up until 4060±30 yr BP (2839-

2483 cal BC 2) (PAZ II), agriculture, burning and 

anthropization is confirmed by the presence of 

pollen of Hordeum and weed plants together with 

the large peak in charcoal fragments. 

During this interval (PAZ II) the water salin-

ity increased slightly, the wetland becoming a 

brackish lagoon, presumably partially protected by 

a clastic barrier westwards. 

The brackish lagoon transformed into a fresh 

water lake c. 4060±30 yr BP (2839-2483 cal BC 2). 

The lake seems to have existed at least until 

3550±30 yr BP (2007-1772 cal BC 2), the date of 

the clearly truncated top sediment. This truncation 

can be related to marine flooding and overwashing 

as described by González-Villanueva et al. (2015) 

for the coastal wetlands of NW Iberia, following a 

phase of landward barrier retrogradation and ae-

olian sedimentation towards the back-barrier (not 

observable in Rio de Moinhos). 

The sedimentary rates of lagoon infilling 

show an accentuated increase from PAZ I till 

PAZ III (Fig. 11). The rates are: for PAZ I 0.04 

mm/yr, for PAZ II 0.17 mm/yr, and for PAZ III 
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0.36 mm/yr. Since the lagoon environment is es-

sentially continental (quartz grains are very imma-

ture and marine indicators are nonexistent in the 

pollinic record), this increasing rate would mean 

that terrigenous inputs to the lagoon became more 

abundant along the time, especially after 4060±30 

yr BP (2839-2483 cal BC 2). A contribution of 

very fine sediments characterises U II, the topmost 

layers of the sedimentary sequence, which are also 

the most organic. 

This succession of environments (whose top 

is c. 0.0 m MSL) shows that after a slight salt water 

penetration, the environment changed to fresh wa-

ter conditions and registered a silting-up increase, 

progressively finer and organic. 

The increase of fresh water input in the area 

could be the result of a natural development caused 

by permanent closing of a clastic barrier westwards 

(due to an increase of sedimentary marine input) 

and/or a sea level rate change or, even, the increase 

of fluvial supply due to changes in precipitation. 

Leorri et al. (2012) state that values of sea level 

observations between 4000 and 2000 cal BP could 

represent a sea-level fall, though without any firm 

conclusion.  If so, the increase of fresh water in the 

lagoon could be associated to such an event, or to a 

seaward shoreline migration without any signifi-

cant sea level variation. 

On the other hand, MUÑOZ SOBRINO et al. 

(2012) state that marine sedimentation reached its 

most ancient landward position before 4500 to c. 

3200 cal BP (in Ría de Vigo). This interval matches 

PAZ III, which would mean that marine influence, 

if any, was present during the former PAZ II – 

brackish lagoon. However, the same authors also 

refer to short episodes of higher terrestrial influence 

between c. 4300-3800 and c. 3600-3200 cal BP. 

Although the second interval is missing in Rio de 

Moinho beach, the first corresponds to PAZ III 

(fresh water lake) which has the highest infilling 

rates, and its last phase (U II) consisting of the finest 

and most organic layers of terrigenous origin.   

However, human interference cannot be ex-

cluded as anthropic activity was detected in the 

pollen assemblages since the formation of the la-

goon. The age of mid PAZ III is close to Bond 

event 3 (4.2 Ky), responsible for worldwide aridifi-

cation. Could people have built a dam to create a 

reservoir? Would agricultural practices have privi-

leged erosion and could they have caused the silt-

ing-up increase of the lagoon during PAZ III? 

MARTINEZ-CORTIZAS et al. (2009) refer to a criti-

cal time of environmental disruption, with soil 

erosion, in NW Iberia, at 3.5-3.0 Ky. This could 

justify the high sedimentation rate in the lagoon 

from terrigenous origin, especially during the last 

phase (U II).  

Shipwreck vestiges from the Roman Period 

(Augustus time), dispersed over the lake sediment 

(MORAIS et al. 2013), suggest that this coastal en-

vironment established a new communication with 

the sea somewhere after 3550±30 yr BP (2007-

1772 cal BC 2). 

The age of the top level of the fresh water lake 

sequence may hence be the result of truncation due 

to erosion or eventually the consequence of man-

made works in the lagoon. Furthermore, the pres-

ence of several aligned wooden stake remains, from 

Augustus time, buried in the lagoon sediment 

(GRANJA & DANIELSEN 2015), as well as a kind of 

pavement made of large schist slabs (of unknown 

functionality), also highlight human action in the area. 

 
6.  CONCLUSIONS 

Whatever the natural and/or anthropic forcing 

factors that were at work at Rio de Moinhos beach 

during the Mid-Holocene, the environment has 

changed through time successively as an Alnus 

forest, a wetland, a slightly brackish lagoon and, 

finally, a fresh water lake. 

The increasing rate of lagoon infilling along 

time, indicating higher terrigenous inputs, can be 

related with human practices in the fluvial basin 

and/or climatic changes, such as those related with 

Fig. 11. Sedimentary and pollinic units, infilling rates and datings. 
Fig. 11. Unidades sedimentares e polínicas, taxas de sedimentação e datações. 
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precipitation (that could have led to soil erosion 

and silt-clay inputs into the lagoon). The increasing 

rate of lagoon infilling is related with finer sedi-

ments pointing towards a passage to a very quiet 

environment (U II, PAZ III), where the organic 

content was very high – a eutrophic environment. 

The earliest traces of human presence in Rio 

de Moinhos beach are documented by two lithic 

assemblages: a rolled one, of uncertain age – how-

ever, prior to 5590±80 BP (4614-4319 cal BC 2)/ 

5480±30 BP (4433-4260 cal BC 2), i.e. before the 

Alnus forest was developed – and a non-rolled one, 

apparently produced after 5590±80 BP/ 5480±30 

BP till 4680±30 yr BP (3622-3370 cal BC 2), i.e. 

after the inundation of the forest and before the 

fresh water lake was established. 

Taking into account this chronological range, 

these artefacts may have been produced, roughly, 

sometime between the end of the Early Neolithic 

(second half of the 5th millennium cal BC) and the 

Middle/Late Neolithic (middle/second half of the 

4thmillennium cal BC), and therefore may be re-

lated with some archaeological sites from these 

periods known in the Minho region (e.g. BETTEN-

COURT 2009, 2013). 

The nature of the activities that were devel-

oped in the lagoon area is unknown. Assuming 

they were livelihood activities, they may have been 

some kind of complement to other activities such 

as agriculture and grazing, thus documenting the 

practice of a broad spectrum economy. If the mac-

rolithic characteristics of the lithic industry are 

considered, it is possible to suggest that such ac-

tivities did not require a great deal of precision. On 

the contrary, the artefactual package seems to be 

more suitable for cutting procedures, either by 

percussion (choppers and chopping-tools), or by 

back and forth movement (flakes and scrapers). 

The palynological record shows cultivation 

of barley and increase in agricultural weed plants 

from around 3500 cal BC. Contemporaneous in-

crease of charcoal particles show human activity 

through deliberate burning of fields and/or cooking 

on hearths from this point in time onwards. 

Indications of grazing herds are found later in 

PAZ III from 4060±30 yr BP (2839-2483 cal BC 2), 

possibly partly explaining the increased erosion and 

high input of terrigenous sediment to the lake at the 

time.   
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