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RESUMO 

Este relatório apresenta os resultados da investigação palinológica de sedimentos extraídos de um 

depósito orgânico encontrado debaixo das areias na praia Rio de Moinhos, Esposende. Este trabalho 

revelou que, durante a acumulação do depósito orgânico, o ambiente regional se manteve inalterado 

enquanto o habitat local revelou grandes mudanças. A sedimentação iniciou-se numa área de charco, numa 

altura em que se verificam ligeiros indícios da atividade humana. De seguida, por volta de 5.500 anos atrás 

(3703-3633 cal BC), o local transformou-se numa lagoa salobra. A causa desta transformação foi, 

provavelmente, a formação de uma barreira devido à redução da velocidade de subida do nível do mar 

naquela altura. Durante este período, alto teor de partículas de carvão microscópicas mostram incêndios 

locais ou a queima em fornos ou lareiras. Atividade agrícola também foi detetada. Há cerca de 4.500 anos 

atrás (2677-2483 cal BC), o sítio transformou-se num lago de água doce. Esta evolução pode ter sido 

causada pelo fecho natural e permanente da barreira ou por intervenção humana. O assoreamento do lago 

ocorre, aparentemente, há cerca de 3.850 anos atrás (1974-1862 cal BC). 

ABSTRACT 

This report presents the results of a palynological investigation of sediments extracted from an 

organic deposit encountered beneath sands at the Rio de Moinhos beach, Esposende. This investigation 

revealed a relatively unchanged regional environment during accumulation of the organic deposit but large 

changes in the local habitat. Initial sedimentation started in a wetland showing slight indications of human 

activity. Soon thereafter, around 5500 years ago (3703-3633 cal BC), the site turned into a brackish lagoon. 

This was probably caused by reduced sea level rise rate resulting in the formation of a sand barrier seaward 

at the time. During this period high content of microscopic charcoal particles show local fires or burning in 

hearths or fireplaces. Agricultural activity was also detected. Around 4500 years ago (2677-2483 cal BC), the 

site became a fresh water lake. This development may have been caused by permanent closing of the sand 

barrier; however, intentional human interference cannot be excluded. The lake apparently filled in with 

sand shortly after 3850 years ago (1974-1862 cal BC). 
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1. INTRODUCTION 

This investigation was performed as part of the FCT project; Dialogue among sciences - 

Multidisciplinary analysis of navigability and anchoring during the Roman period (Esposende) (PTDC/EPH-

ARQ/5204/2012). Task 4 aimed at a reconstitution of the palaeoenvironment using palynology as a tool. 

An organic, dark brown to black deposit was encountered at the Rio de Moinhos beach near 

Esposende (Figure 1) in December 2012 by the archaeologist Dr. Sérgio Monteiro-Rodrigues (Univ. Porto) 

who detected large amounts of lithics in the same deposit (Monteiro-Rodrigues, 2013). In January 2013 the 

deposit was exposed again due to marine erosion of beach sands (Figure 2) and a core was extracted by Dr. 

Helena Granja (Univ. Minho). The core was sent to our laboratory in Lisbon (LARC - Laboratory of 

Archaeosciences) where we proceeded with analyses. This report contains the results of our investigation.  

The next step will be to incorporate the palynological results into the conclusions of the remaining 

tasks of this project in a comprehensive multidisciplinary article for publishing. 

 

 
Figure 1. Localization of the organic outcrop in Rio de Moinhos, Esposende (Google Maps August 2014). 
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2. STUDY AREA 

The study area is situated ca 2km north of Esposende at the Rio de Moinhos beach (41º34’02,00’’ N 

8º47’50,17’’ W - Greenwich). The dark organic deposit found there underneath beach sands, belongs to the 

so-called “Aguçadoura formation” (Granja, 1990, 1999; Carvalho et al. 2006) emerging in scattered 

locations from Mindelo in the South to Castelo de Neiva beach (Ribeira et al., 2011) in the North. The 

deposit is rich in vegetation remains (peat, stems, branches, roots), and diatom studies (Granja et al., 2010) 

confirm occasional salt water influence indicating lagoon conditions at least during parts of its deposition 

period. Dating of the “Agouçadoura formation” from various sites gave 
14

C ages between 5880±60 BP 

(Ribeiro et al., 2011) and 360±40 BP (Carvalho & Granja, 2003; Carvalho et al., 2006). 

 
Figure 2. Rio de Moinhos beach, January 2013 (Photo: Sérgio Monteiro-Rodrigues). 

Similar scenarios and formation of brackish lagoons along the Portuguese coast during this time 

interval are reported from various sites along the Atlantic facade (some references from N to S of Portugal 

– Granja, 1990, 1999; Granja & de Groot, 1996; Danielsen et al., 2012; Bernardes et al., 2001; Dinis et al., 

2006; Mateus, 1992; Queiroz, 1999; Freitas et al., 2002; Cearreta et al., 2002).  

Although life-span of the lagoons varied immensely, with some still persisting today, most seem to 

have formed at the time of culmination of sea level rise. A reduced sea level rise rate at the end of the 

Flandrian transgression seems to have lead to increased sand accumulation and subsequent formation of 

semi-closed sand barriers westwards sheltering brackish lagoons. According to the Holocene sea level curve 

for Portugal (Dias et al., 2000) a flattening out of the sea level curve occurred from around 5000 BP and 

maximum sea level is recorded between 5000-3000 BP (Figure 3).  

 
Figure 3. Sea level rise curve for Portugal (after Dias et al., 2000). 
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3. METHODS 

3.1  Stratigraphy 

A core with the extension of 34cm was extracted from the organic deposit from Rio de Moinhos. 

Eighteen sub-samples were taken out for pollen analysis (Table 1).  

The deposit (Figure 4) can be divided into four layers with more or less distinct borders. Described 

from top to base we find light grey clay (layer 4 – 0-13cm) gradually getting darker (layer 3 – 13-28cm) 

before  an abrupt change to a dark, charcoal rich, organic sediment (layer 2 – 28-31cm) and below this, and 

until the base, a darker grey clay (layer 1 – 31-34cm). 

Table 1. Extracted samples (shaded levels analysed for pollen) from the core collected at Rio de Moinhos 

Sample number 
Depth from 

(cm) 

Depth to 

(cm) 

Average depth 

(cm) 
Description 

I 0 1 0,5 

Layer 4 

Clay, light grey 

 

 

II 1 2 1,5 

III 2 3 2,5 

IV 3 5 4 

V 5 7 6 

VI 7 9 8 

VII 9 11 10 

VIII 11 13 12 

IX 13 15 14 

Layer 3 

Gradually darker 

clay 

X 15 17 16 

XI 17 20 18,5 

XII 20 22 21 

XIII 22 24 23 

XIV 24 26 25 

XV 26 28 27 

XVI 28 31 29,5 

Layer 2 

Dark, charcoal 

rich, organic 

material 

XVII 31 32 31,5 Layer 1 

Clay, dark grey XVIII 32 34 33 

 

 
Figure 4. Analysed core collected at Rio de Moinhos beach. 
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3.2  Chronology 

Three levels were radiocarbon dated by Beta Analytic (Table 2). The dating was done on organic 

matter (AMS). The calibration of the dates was performed with the program Calib 7 (Stuiver & Reimer, 

1993) using the IntCal13 calibration curve (Reimer et al., 2013). 

 

Table 2. 
14

C results and calibrated dates from three different depths from the studied core. 

Lab. ref. Depth Type Conv.
14

C yrs BP cal. BC (2ơ) Cal BP (2ơ) 

Beta - 

373413 
1-2cm 

AMS  

(Org. sed.) 
3550±30 1974 – 1862 3811 – 3923 

Beta - 

373414 
17-20cm 

AMS  

(Org. sed.) 
4060±30 2677 – 2483 4432 – 4626 

Beta - 

373415 
31-32cm 

AMS  

(Org. sed.) 
4860±30 3703 – 3633 5582 –  5652 

 

3.3  Laboratory work 

From each sub-sample, 1cm
3
 was extracted, filtered with a sieve (250µm) and treated chemically in 

order to destroy humic acids (KOH 10%), carbonates (HCL 25%), cellulose (1 part H2SO4 + 9 parts C4H6O3 ) 

and silica (HF 40%) so that virtually the only remaining substances were pollen and Non-Pollen-

Palynomorphs (NPP). The laboratory procedure followed Fægri and Iversen (1975) including cold HF 

treatment for 48 hours.  

The palynomorphs were then counted in an optical microscope at 600-1000X magnification. A 

regional pollen sum of 250 was the minimum counted for each slide. Pollen were identified with the help of 

the keys of Moore et al. (1991), Fægri et al. (1989), Northwest European Pollen Flora parts I–VI (Punt, 1976; 

Punt and Clarke, 1980, 1981, 1984; Punt et al., 1988; Punt and Blackmore, 1991), the Ericales key of Mateus 

(1989) and the Cistaceae key of Queiroz (1999). Identification was facilitated by consultation of the pollen 

reference collection at LARC and the use of photographic atlases (Reille, 1992, 1995). 

Pollen and microfossil data of the samples are presented in a percentage pollen diagram. All data 

were calculated as percentages of Total Regional Pollen sum (TRP) including pollen of dry-soil species. 

Pollen of taxa occupying wetland areas (mainly hygrophilous) are likely to dominate the pollen content and 

result in large fluctuations of the pollen curves reflecting local changes (Janssen, 1973). These taxa together 

with Non-Pollen Palynomorphs (NPP) were therefore not included in the pollen sum but calculated as 

percentages of TRP. Charcoal fragments larger than 5µm were counted. The pollen diagram was 

constructed using Tilia and Tilia graph (Grimm, 1991–1993). 
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4. RESULTS 

The samples revealed unusually large pollen content (Figure 5) of 1.300.000 to 6.250.000 

pollen/cm
3
. The highest quantity belongs to the dark brown layer at 28-31cm. Pollen preservation was 

generally very good. 

 

 

 

Figure 5. Pollen concentration (pollen/cm3) from the studied core 

 

The pollen diagram (Figure 6) may be divided into three pollen assemblage zones (PAZ) mainly on 

the basis of changes in local pollen assemblages. The pollen content of each zone reveals specific 

environmental conditions. 
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Figure 6. Pollen percentage diagram, Rio de Moinhos, Esposende. 
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4.1 PAZ I (31-34cm) Wetland 

A sample at the end of this phase (at 31-32cm) was dated to 4860 ± 30 BP (3703-3633 cal BC). The 

site started out as a wetland dominated by the aquatic or semi-aquatic quillworts (Isoetes) together with 

Poaceae and Cyperaceae. Other well represented hygrophilous herbs were Potamogeton, Hydrocotyle and 

Lythrum salicaria (Figure 7). 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 agriculture and human presence in the vicinity of the wetland in this more recent 

deposit although we cannot discard the inflection of Cerealia type produced by saltmarsh and dune 

Poaceae (Mateus, 1992). 

 

Figure 7. PAZ I; From left to right: Isoetes, Hydrocotyle (2 pollen), Lythrum, Quercus and Hedera helix. 

 

4.2 PAZ II (18.5-31cm) Brackish lagoon 

Chronologically this zone represents sediments that accumulated between 4860 BP (3703-3633 cal 

BC) and 4060 BP (2677-2483 cal BP). Initially it encompasses the dark charcoal rich layer (28-31cm).  

The pollen assemblage is typical of a lagoon or wetland influenced by brackish water with eutrophic 

soils. The site was characterized by Alnus (Figure 8a) and Salix during this period, typical genera of 

eutrophic lagoon edge forests. Hygrophilous shrubs and herbs dominate the local pollen assemblage. 

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 characterized by oak forest. One pollen grain of 

Hordeum was identified at this stage and, together with the marked increase in ruderal plants from 

Brassicaceae and Papaveraceae may indicate agricultural practices in the near vicinity. Noticeable for this 

zone is furthermore the high content of charcoal particles (Figure 8b) with peak values in the dark layer 

mentioned above. 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 disappears at some time after the charcoal peak. The 

Poaceae curve is inversely correlated to the charcoal curve at this stage. This may be an indication of 

possibly deliberate burning of the fields by the local population.  Charcoal particles may also have 

originated from fireplaces or hearths. 
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Figure 8. PAZ II; a) Alnus pollen; b) Apiaceae pollen amidst charcoal fragments. 

 

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

This zone encompasses the mud deposited between 4060±30 BP and 3550±30 BP. During this 

period the site was inundated with fresh water and aquatic plants became abundant. Nymphaea, 

Myriophyllum alterniflorum (Figure 9) and Sparganium were the most common and fresh water algae, 

represented by Botryococcus and Pediastrum boryanum appeared. Presence of aquatic plants and the 

green algae Pediastrum in particular are proofs 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 decrease strongly. 

  
Figure 9. PAZ III; Pollen of Nymphaea alba and Myriphyllum alterniflorum. 

 

The upland vegetation remains relatively constant and does not seem to have been influenced by 

the inundation of the local site. Relatively high values of Chenopodiaceae pollen may reflect the installation 

of saltmarshes in the zone bordering the lake towards the ocean. During this phase we find possible 

indications of pastures by increased presences of species of the Plantaginaceae (Behre, 1981) and scattered 

occurrence of pollen of Urtica. 
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5. CONCLUSIONS 

During the entire period of sedimentation of the organic deposit in Rio de Moinhos (ca 1800 years 

all in all) the regional vegetation surrounding the site was relatively unchanged (Figure 10). The partially 

open landscape contained an arboreal element consisting mainly of deciduous and evergreen oaks. Herbs 

were, however, abundant throughout the whole period. Cultural influence was inconstant but noticeable, 

however, not distinctly local. 

 
Figure 10. Summary of pollen register, Rio de Moinhos, Esposende. 

 

The investigated site started out as an open wetland. The increased sea level (Dias et al., 2000) at 

the time (pre- 4800 BP) probably caused a rise of the freatic level in coastal areas. The Rio de Moinhos site 

became seasonally inundated as a result of this paludification (swamping) and sedimentation and 

preservation of the organic clay commenced. This took place sometime during the Neolithic Age but only 

weak signs of anthropogenic activity exist.  

Around 4800 BP (3703–3633 cal BC) the site turned into a brackish swamp/lagoon. This change in 

the local environment was probably related to a reduced sea level rise rate at the time leading to formation 

of a semi-closed sand barrier westwards. Various indicators of agriculture show settlements and 

agricultural activity during the brackish lagoon phase. Pollen of Hordeum is clearly anthropogenic and so is 

the presence of ruderal plants usually linked to agriculture. Initially in this phase large amounts of 

microscopic charcoal were incorporated into the deposit indicating burning at the time. The number of 

arboreal pollen, whether referring to local or regional trees, does, however, not decrease at this level and 

the burning seems to have originated from fires in the local fields or from hearths or fireplaces rather than 

from forest clearing. The lagoon persisted during prehistoric times from the end of the Neolithic into 

Copper Age.  

The local environment subsequently changed to a fresh water lake towards the end of the Copper 

Age (4060 BP (2677-2483 cal BC)). This may have been caused by a permanent closing of the sand barrier. 
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The possibility of intentional human interference forming a fresh water lake can, however, not be excluded.  

The lake continued to exist well into the Bronze Age when it ultimately was filled with sand. Infilling seems 

to have happened subsequent to ca 3500 BP (1974-1862 cal BC) possibly as a result of sea overwash or 

increased aeolian activity. However, we cannot exclude sediment erosion and truncation during the infilling 

process which makes it difficult to pinpoint with certainty the time of infilling of the lake. Furthermore 

clearing of vegetation of the sand dunes provoking increased sand drift or other human intervention should 

also be considered as possible causes to explain the infilling of the lake. 
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