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Abstract 

The foraminifera and ostracods observed in a late Holocene sedimentary sequence within a fiuvial valley at Boca 
do Rio in the coastal zone of the western Algarve, Portugal, reveal a general, though not smooth transition from 
marine to fiuvial conditions. The relative influence of these two environments appears to depend on the degree 
of permeability of the barrier system at the coast. Optically stimulated luminescence dates and palaeoecological 
information obtained from the sequence suggest that barrier formation may be related to changes in climate and/or 
patterns of ocean current circulation. An unusual deposit rich in sand and gravel found within the otherwise mud­
dominated sequence has been dated at AD 1801 ± 76 years. This deposit contains foraminifera and ostracods 
which indicate marine conditions, and which contrast markedly with the brackish-water, estuarine assemblages 
found in the mud deposits. The rapid transition in the foraminifera and ostracod assemblages indicates a short­
lived coastal flooding, which may represent the tsunami associated with the Lisbon earthquake of AD 1755. The 
variations in the foraminifera and ostracod assemblages also suggest subsidence during the earthquake, with uplift 
having occurred in the period since then. 

Introduction 

The Boca do Rio lowland is located in the southern Al­
garve coast of Portugal (37°04'N, 08°48.5'W) within 
an otherwise cliff-lined coastal section of predomin­
antly calcareous, Jurassic and Cretaceous sediments 
(Figure 1). It is separated from the sea by a small 
gravel-and-sand barrier that prevents wave overtop­
ping during storms. The lowland corresponds to a 
N-S elongated, fiat valley floor that extends inland 
for about 1 km, slightly above the limit of mean 
high-water spring tides. Four trenches were excavated 
within this lowland (Andrade et al. 1994, Dawson 
et al. 1995) in order to investigate the processes of 
deposition associated with the tsunami generated by 
the Lisbon earthquake of 1st November 1755. They 
revealed a cobble-and-boulder-rich horizon forming 

the base of the alleged tsunami deposit. The boulders 
and cobbles are overlain by sand, which was sampled 
for luminescence dating. The taphonomic and ichno­
fossil study of cobbles and boulders collected in the 
trench walls provided the first unquestionable proof of 
a marine origin for this coarse elastic deposit (Silva 
et al. 1996). In addition, systematic shallow coring of 
the site was undertaken in order to provide detailed 
information on the lithostratigraphy of the Holocene 
of this lowland area (Figure 2). Cores BDRS2 and 
BDRS4 were sampled in the laboratory in order to 
undertake microfossil analysis and further dating. 
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Figure 1. Lucaliun map uf Boca du Riu area, showing coring sites 
S2 and S4 and location of trench TA. Line AB indicates cross section 
shown in Figure 2, constructed with stratigraphic information from 
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Figure 2. Cross-section showing stratigraphy of the Boca do Rio 
site. See Figure 1 for location. 

Stratigraphy 

Figure 2 summarises the main stratigraphic units that 
form the sediment sequence of the Boca do Rio low­
land. Four lithostratigraphic units were recognised. 

Unit A - This unit forms the uppermost sediment 
layer and is activated today by river floods during the 
rainy season. It consists of a dark-red or brown silty 
clay with a thickness of 0.8 to 1 m. 

Table 1. OSL dates of samples from trench TA, Boca do Rio. 
Surface elevation is 1.9 m above mean sea-level 

Sample Unit Depth ED OSLage 

below (Gy) before 

surface 1995 

(cm) (years) 

BDR-A A 70- 85 2.44 ± 0.14 587 ± 38 

BDR-B B 95-130 0.29 ± 0.12 194 ± 76 

BDR-Cl c 135-150 4.76 ± 2.1 1236 ± 540 

BDR-C2 c 173-197 5.97 ± 1.83 1363 ± 420 

BDR-Dl D 212-226 3.39 ± 0.23 1815 ± 411 

BDR-D2 D 289-301 3.04 ± 0.42 1944 ± 280 

BDR-D3 D 368-384 4.54 ± 0.67 2320 ± 617 

Unit B - This unit is extremely variable in terms 
of both its thickness and sedimentary characteristics. 
It reaches a maximum thickness of 0.45 m though it is 
generally thinner and sometimes absent. Unit Bis sed­
imentologically complex but for the sake of simplicity 
it may be divided in two distinct horizons which are 
generally present. A basal horizon, which lies uncon­
formably over Unit C and consists of a chaotic and 
structureless matrix-supported muddy conglomerate 
or coarse muddy sand including abundant carbonate 
boulders or cobbles and large shell fragments. The 
upper horizon, which is spatially more continuous, 
is essentially represented by an upward fining se­
quence of medium sand to silt, occasionally containing 
mudballs, small pebbles or shell fragments. 

Unit C - Unit C is quite similar in texture and 
mineralogical composition to Unit A but shows some 
enrichment in fermented plant debris and charcoal. 
At some sites it grades downwards into a black or­
ganic mud with distinct in situ plant remains. The total 
thickness of Unit C varies between 0.5 and 1 m. 

Unit D - This unit forms the base of the cored se­
quence. It consists mainly of coarse, grey marine sands 
with shells, both broken and whole. Some gravelly 
horizons were found, particularly towards the top of 
the unit. It was cored to a depth of 5 m below ground 
surface (2 m below mean sea-level) without reaching 
its base. 



Dating 

Methods 

Seven samples from Boca do Rio, taken from trench 
TA (Figure 1), opened close to coring site S4, were 
dated using optically stimulated luminescence (OSL; 
Table 1). The lack of substantial quantities of organic 
matter within this sedimentary sequence precluded the 
use of radiocarbon dating methods. OSL dating of wa­
terlaid sediments has been successfully carried out in 
previous studies (Parish 1992, Dawson et al. 1995). 
For Units A and C the 4- 11 µm fraction was used 
and for Units B and D the 180-225 µm fraction. 
The silt-rich samples were deflocculated with Calgon, 
before treatment with 1 mol. HCI to remove carbon­
ates. They were then washed thoroughly in distilled 
water, wet-sieved through a 63 µm mesh, washed 
in acetone and left to dry. The 4- 11 µm fraction 
was separated by settling for 2 and 20 minutes. The 
sand samples were washed in 1 mol. HCI to remove 
carbonates, air-dried and sieved to extract the 180-
225 µm fraction. The quartz-rich material from this 
fraction was isolated by heavy-liquid separation (so­
dium polytungstate ). These grains were etched in 40% 
HF for 40 minutes to remove the outer layer affected 
by external alpha radiation. The aliquots from sand 
samples were mounted with silicone spray on 10-mm 
aluminium disks whilst the fine-grained samples were 
settled onto similar disks from suspension in acet­
one. All samples were normalised by a 0.5 second 
exposure prior to measurement. Bleaching was under­
taken under a 300 W Wotan sunlamp, filtered through 
clear glass to reduce the UV component, and irra­
diation was done with a 90Sr beta source delivering 
14.3 Gy/minute. Measurements were made in a Riso 
automated reader using a 60 seconds exposure from 
a halogen light source filtered through three GG420 
filters, with detection filtered through two U340 filters 
(270-380 nm). 

Age determination was achieved by the additive­
dose method. Dosimetry was achieved by on-site 
gamma spectrometry and by thick source beta count­
ing. Cosmic doses were taken from the values given 
by Prescott & Hutton (1988). 

Uncertainties in the annual dose rate as a result 
of fluctuations of the water table comprise a signific­
ant component of the error inherent with this dating 
method. An estimate of 5% was used for the water 
content in this study, although this may be somewhat 
conservative for this environment. 
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Results 

The OSL date for sample BDR-B agrees within error 
limits with the thermoluminescence age of AD 1734 
± 60 previously referred to by Dawson et al. (1995). 
The three dates from Unit D are in stratigraphic order 
(Table 1). The dates for the fine-grained samples are 
more problematic than those for the coarse-grained 
ones. Unit A appears not to have been bleached at 
deposition. The low error on the equivalent dose (ED) 
would indicate that this is not a case of mixed bleached 
and unbleached material. The errors associated with 
samples Cl and C2 are very high, primarily due to the 
uncertainty in ED determination. For these samples 
the ED was determined from four sets of 24 aliquots. 
The signal intensities were lowest for sample BDR-A 
at 1784 counts in the first second of the natural signal 
after background subtraction. The lower intensity for 
BDR-A may be attributed not only to its young age, 
but also to its mineralogical composition: fine-grained 
samples may contain significant quantities of material 
that is not luminescent. Bleaching of the samples for 
4 hours under the lamp resulted in negligible levels 
of OSL signals. No recuperation of the signal was 
apparent. 

Foraminifera and ostracods 

Foraminifera and ostracod assemblages within the 
sediment sequence were utilised in order to attempt 
to reconstruct the history of environmental change at 
Boca do Rio. Both microfossil groups are sensitive 
environmental indicators, and have been widely used 
in the reconstruction of palaeoenvironmental change 
within Holocene sedimentary sequences in the coastal 
zone (Kilkenyi 1969, Murray & Hawkins 1976, Whi­
taker 1981, Whatley 1983, Penney 1987, Cearreta 
1994, Williams 1995). Salinity plays a key role in 
controlling the colonisation of a particular coastal 
environment by benthic foraminifera and ostracods 
(Murray 1973, 1991, Whitaker 1981). It is also a 
crucial factor in determining the diversity of spe­
cies (Cearreta 1989, Whatley 1983). Species diversity 
in both microfossil groups is high in fully marine 
conditions, falling rapidly in brackish water (Murray 
1991, Kilkenyi 1969). Ostracods, unlike foraminifera, 
can tolerate freshwater conditions, and distinct as­
semblages occur in this environment (Whitaker 1981). 
Within the estuarine environment foraminifera and os­
tracods display fauna! associations which have a close 
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Figure 3. Distribution of foraminifera in Boca do Rio core S2. The Fisher Index illustrates the degree of diversity in the microfossil assemblage. 

relationship with both sedimentary environment and 
tidal level (Haynes & Dobson 1969, Kilkenyi 1969, 
Scott & Medioli 1986, Penney 1987). Variations in 
these fauna! associations within a sediment sequence 
can reveal changes in the degree of marine, brack­
ish or freshwater influence within a coastal system 
over a period of time. These trends may be in turn 
related to either changes in the coastal configuration 
due to normal coastal processes or to changes in relat­
ive sea level (Murray & Hawkins 1976, Penney 1987, 
Cearreta 1994). 

Microfossil analysis 

Methods 

The samples utilised in this study were dried in an 
oven at approximately 20°C, and 100 g of the dried 
sample were taken for further analysis. Samples were 
sieved into the following size fractions: 63- 125 µ,m, 
125-250 µ,m, and > 250 µ,m. Each of these size in­
tervals was then treated with 1:1:1 trichloroethane in 
order to float off and separate the microfauna from 

the sediment particles. The entire sample was then 
counted using a binocular microscope. In cases where 
there were exceptionally large numbers of individuals, 
a fraction of the sample was counted, and the numbers 
counted multiplied in order to give a figure for the 
number of individuals per 100 g of sediment. 

The identification of the foraminifera was based 
on Haynes (1973), Murray (1971, 1979) and Galhano 
(1963). The ostracods were identified according to 
Athersuch et al. (1989) and Bonaduce et al. (1975). 
For each sample the data gained was analysed and 
compared using a number of different indices and 
parameters: relative abundance of each species, state 
of preservation, size distribution, and in the case of the 
foraminifera the composition of the test (agglutinated, 
hyaline or porcellaneous). 

Results 

Foraminifera and ostracods were analysed from core 
sites BDRS2 and BDRS4 (Figures 3-6). The results 
obtained from these two sites are considered to be 
representative of the sequence as a whole. A num­
ber of different assemblages were identified, which 
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Figure 4. Distribution of foraminifera in Boca do Rio core S4. 

can be related to different sedimentary environments. 
Studies on contemporary estuarine and lagoonal sys­
tems have been considered in order to interpret the 
palaeoenvironmental conditions indicated by the fo­
raminifera and ostracods (Haynes & Dobson 1969, 
Kilkenyi 1969, Murray 1973, Murray & Hawkins 
1976, Whitaker 1981, Cearreta 1989, Murray 1991). 

The sands and muddy sands of the lower part of 
Unit D contain a diverse assemblage and relatively 
large numbers of individuals of both foraminifera and 
ostracods. The most abundant foraminifera species 
throughout Unit D include the euryhaline, hyaline 
species Ammonia limnetes, Elphidium williamsoni 
and Haynesina germanica. These species are typic­
ally found in marginal marine environments where 
salinity is variable. In addition, a number of steno­
haline species are present including Cibicides lobatu­
lus, Elphidium spp. and several porcellaneous miliolid 
species, most notably Quinqueloculina seminulum. 
These species vary from being well preserved to badly 
abraded and broken, and it appears that they have un­
dergone extensive transportation, and are exotic to the 
environment in which they have been deposited. The 
agglutinated species Trochammina inflata and Jadam-

mina macrescens tend to be better preserved, and form 
a significant proportion of the assemblage only in the 
organic-rich muddy-sand sections of the unit. 

Within the lower part of Unit D the most common 
ostracod species consist of a mixture of open-marine, 
stenohaline forms such as Urocythereis distinguida, 
Loxoconcha rhomboidea, Aurila conve.xa and Het­
erocythereis albomaculata and euryhaline, brackish­
water forms includingLoxoconcha elliptica, Cyprideis 
torosa and Cytherois fischeri. In addition, several 
species of the genus Leptocythere, which are char­
acteristic of both these ecological classes, are also 
present. The mud-rich horizons are dominated by the 
brackish-water species, consisting of large numbers of 
Loxoconcha elliptica, and smaller numbers of Cypri­
deis torosa, Cytherois fischeri and Leptocythere spp. 
A large number of the individuals observed in these 
horizons are juvenile forms, which are absent from 
the sand-dominated samples. The ostracod population 
in the mud-free sand is skewed towards larger, fully 
marine species like Aurila convexa and Urocythereis 
distinguida, many of which show signs of abrasion. 

Both the foraminifera and ostracods display a de­
crease in species diversity and an increase in number 
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Figure 5. Distribution of ostracods in Boca do Rio core S2. F - Freshwater species. 

of individuals towards the top of Unit D, and into the 
basal section of Unit C. The upper section of Unit D 
and the lower section of Unit C are dominated by the 
foraminifera species Ammonia limnetes, Elphidium 
williamsoni and Haynesina germanica, with very few 
agglutinated or porcellaneous species being recorded. 
The boundary of Units D and C is marked by the in­
creasing dominance of brackish-water ostracods such 
as Loxoconcha elliptica, along with less numerous 
brackish-water species including Cytherois fischeri, 
Cyprideis torosa and Leptocythere spp. Above the 
basal section of Unit C no foraminifera are present, 
and only small numbers of the freshwater ostracod 
genera Ilyocypris and Eucypris occur. 

Small numbers of foraminifera and ostracods are 
present in the organic-rich, upper section of Unit 
C. The foraminifera assemblage is dominated by 
the agglutinated forms Trochammina infiata, Jadam­
mina macrescens, Miliammina fusca and Haplophrag­
moides sp. and the hyaline forms Elphidium wil­
liamsoni, Haynesina germanica and Ammonia lim­
netes. The ostracod assemblage is almost completely 

dominated by Loxoconcha elliptica, with Cyprideis 
torosa, Cytherois fischeri, Leptocythere lacertosa, 
Leptocythere macallana andLeptocythere p orcellanea 
being present as secondary species. 

A marked increase in diversity is observed in Unit 
B. This is especially apparent in the sand-rich sec­
tion where the foraminifera are dominated by Am­
monia limnetes, Elphidium williamsoni, Haynesina 
germanica, Cibicides lobatulus and Quinqueloculina 
seminulum, and the ostracods by Loxoconcha elliptica 
and Cytherois fischeri. The overall assemblage of both 
microfossil groups is similar to that noted in the mud­
free sands of Unit D, but its numbers of individuals 
present are much lower. The tests tend to be poorly 
preserved, and many are broken or show strong signs 
of abrasion. There are also a large number of individu­
als which display a red-coloured coating of iron oxide. 
The boundary separating Units C and B is sharp, both 
sedimentologically and micropalaeontologically. 

The upper mud-rich section of Unit B contains a 
less diverse foraminifera assemblage which is domin­
ated by J. macrescens and T. infiata, with H aplophrag-
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Figure 6. Distribution of ostracods in Boca do Rio core S4. F - Freshwater species. 

moides sp., A. limnetes and E. williamsoni present as 
secondary species. Loxoconcha elliptica continues to 
dominate the ostracods. A marked decrease in the size 
of the individual tests is noted from the base to the 
top of Unit B, with the largest numbers of individuals 
being found increasingly in the 63-125 µ,m fraction. 

The base of Unit A contains a similar assemblage 
of both foraminifera and ostracods to that observed in 
the mud-rich upper section of Unit B, and there is a 
continued bias towards smaller individuals. The over­
all assemblage at the base of Unit A is also similar to 
that found in the top part of Unit C. However, in con­
trast, the size distribution of the population is strongly 
skewed towards juveniles. 

The uppermost section of Unit A is barren of 
foraminifera, but there are small numbers of the fresh­
water ostracods Ilyocypris sp. and Eucypris sp. 

Palaeoenvironmental interpretation 

The foraminifera assemblage within Unit D is sim­
ilar to that described for subtidal channels of the 
Dovey estuary of Wales (Haynes & Dobson 1969) 
and the subtidal zone of the ria of San Vicente de 

la Barquera in northern Spain (Cearreta 1989). The 
well-preserved, hyaline, euryhaline foraminifera spe­
cies along with the agglutinating forms are indigenous 
to the estuarine environment, with the abraded, open­
marine forms having been transported in from offshore 
(Murray & Hawkins 1976). The ostracods show char­
acteristics similar to those noted by Whitaker (1981) 
in Christchurch Harbour, southern England, being 
typical of the zone of mixing between brackish and 
marine waters. 

The sedimentary evidence suggests that Unit D 
represents a dominantly marine environment, with act­
ive wave reworking of the bottom sediments. Taken 
together, the sedimentological and micropalaeonto­
logical results indicate that the depositional environ­
ment was a shallow estuary, open to waves and tidal 
currents. The concentration of agglutinated forms in 
the samples dominated by muddy sand suggests the 
proximity of a more sheltered environment such as 
intertidal mudflats or marshes (Murray 1991). An en­
vironment similar to the present-day open ria systems 
of NW Spain is suggested for this unit. 

The change in ostracod assemblage from the top 
part of Unit D into the basal part of Unit C suggests 
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a transition to brackish-water conditions (Athersuch et 
al. 1989) that occurred simultaneously with a marked 
change of the provenance and nature of sedimenta­
tion. The foraminifera are typical of lower intertidal 
conditions (Haynes & Dobson 1969) suggesting that 
the sedimentary environment was becoming less influ­
enced by open-marine conditions. The change in the 
microfossil assemblages indicates that the basin was 
silting up, with deposition occurring in a progressively 
shallower sedimentary environment. 

The freshwater ostracods within the middle section 
of Unit C indicate that the estuary was completely 
isolated from marine influence for a period of time, 
being replaced by a ftuvial or lagoonal basin. The 
silting up of the ria system with muddy sediments 
and the restriction in open-marine influence leading 
to the establishment of a lagoonal environment may 
have occurred as a result of barrier formation. The 
initial change from marine to brackish water condi­
tions may indicate the formation of a barrier with 
an inlet, which allowed access to tidal waters. This 
would have led to the establishment of a sheltered, 
mud-dominated, inter-tidal environment free from the 
activity of waves. The brackish character of the micro­
fossil assemblages indicates an increasing freshwater 
influence. The transition to freshwater ostracods in the 
middle section of Unit C suggests that the inlet was 
temporarily closed, resulting in the barrier becoming 
impermeable to tidal waters. 

The small numbers of foraminifera and ostracods 
in the top part of Unit C may be due to chemical 
dissolution of the tests. This commonly occurs dur­
ing the transition between the upper tidal fiat and the 
saltmarsh due to organic acids produced during the 
breakdown of plant matter (Murray 1973). Alternat­
ively this characteristic may be due to the creation of 
an unstable environment in which occasional breach­
ing of the barrier occurred allowing the brackish-water 
foraminifera and ostracods to become established for 
only short periods of time. 

The assemblage found within Unit B represents 
a mixture of open-marine and estuarine forms. The 
high degree of abrasion of these forms suggests high­
energy deposition, and the iron-oxide staining in some 
individuals may have been caused during a period of 
sub-aerial exposure in a back-beach or foredune en­
vironment. The upward fining of the test size mirrors 
that seen in the modal particle size of Unit B sed­
iments (Dawson et al. 1995), and suggests that the 
upper section of this unit has been deposited slowly 
from suspension. 

It is unclear whether the basal part of Unit A rep­
resents an environment similar to that which existed 
during the deposition of the top part of Unit C or 
whether the foraminifera and ostracods in this basal 
part have been reworked from the upper section of 
Unit B by ftuvial activity. The presence of freshwa­
ter ostracods in the upper part of Unit A suggests the 
onset of freshwater conditions most likely similar to 
the present-day ftuvial system. 

Discussion 

The major change in the foraminifera and ostracod as­
semblages, as well as in the sediments which occurs at 
the base of Unit C may be interpreted as the moment 
at which a coastal barrier became established as a per­
manent and efficient hydrodynamic filter, providing 
shelter to the estuarine lowland and allowing ftuvial 
sedimentation to become jJt0g1 essivt:l y estaulislreJ iu 
this lowland. The OSL dates suggest that barrier es­
tablishment occurred between 1800 and 1300 years 
ago. If this is the case then it appears that the barrier 
has not formed in response to a slowing in the rate of 
sea-level rise. Evidence from other sites in this region 
suggests that sea-level rise began to slow down in the 
period between 6000 and 3300 BP (Bettencourt 1994, 
Pereira & Soares 1994). Barrier formation may have 
been caused by local factors, probably related to sud­
den changes in the sediment budget related to climate 
change. Both the sedimentological boundary and the 
changes in the composition of the foraminifera and 
ostracod assemblages suggest that the process of bar­
rier formation was comparatively rapid, indicating that 
some kind of major alteration occurred. Examples of 
rapid changes in the pattern of coastal sedimentation 
have been described by Dabrio et al. (1996), Lario et 
al. (1995), Goy et al. (1995) and Zazo et al. (1994) 
from coastal locations around the south of the Iberian 
Peninsula, and appear to indicate a major change in 
the wind circulation regime around 2300 BP. In ad­
dition, work by Soares (1993a, b) on the Portuguese 
coast and by Dabrio et al. (1996 and this issue) on 
the southern coast of Spain suggests that another sig­
nificant modification in the wind regime and in the 
associated coastal upwelling occurred between 1300 
and 1100 BP, causing adjustments to the sedimentary 
budget of the littoral zone. The period in which barrier 
establishment occurred (1800- 1300 BP) lies tempor­
ally between these events (2300 BP and 1300- 1100 
BP). The large error associated with the OSL dates 



means that the exact date of barrier formation is still 
unclear, and it is therefore very difficult to associate 
this event with any of the two major fluctuations in 
the climatic record investigated by other authors in the 
littoral zone of Iberia. 

The second major environmental change indicated 
by the microfossil and sedimentary evidence is asso­
ciated with Unit B. This unit appears to have been 
deposited by a sudden input of high-energy water 
from the open sea. This input does not appear to cor­
respond with a storm overwash, because Unit B is 
found over 1000 m inland, compared with a maximum 
penetration of around 300 m for the modern storm­
overwash fan. In addition, Unit B contains cobbles 
and boulders transported around 500 m inland, much 
further than any storm-surge-generated boulder trans­
portation which has occurred in modern times. Coarse­
grained material of this type is generally confined to 
the highest backbeach storm ridge or found dispersed 
within the sand-rich overwash fan up to 100 m inland. 

The foraminifera and ostracod assemblages sug­
gest that Unit B sediment was eroded from the shal­
low offshore, beach and dune environments. It was 
then transported onshore where it became mixed with 
low-energy estuarine inter-tidal muds before being de­
posited. Two luminescence dates obtained from the 
upper sand layer of Unit B indicate AD 1734 ± 
60 years (Dawson et al. 1995) and AD 1801 ± 76 
years (Table 1). These dates strongly suggest that the 
tsunami generated by the Lisbon earthquake of AD 
1755 is the most likely mechanism for the deposition 
of Unit B. The marine origin already established for 
the boulder and cobble horizon within Unit B, there­
fore confirms the interpretation derived from the study 
of the foraminifera and ostracod assemblages. 

The base of Unit A marks a return to marginal 
marine conditions (inter-tidal mud fiats or salt-marsh) 
for a short period of time after the tsunami occurred. 
One explanation is that the tsunami flooding allowed 
a large amount of marine water containing living fo­
raminifera and ostracods to become ponded in the 
estuary, and that barrier breaching by subsequent over­
wash events allowed the return of tidal influence for a 
short while. A similar episode occurred in a coastal 
lake in Texas where a hurricane overwash was dis­
tinguished on the basis of the foraminiferal record 
(Williams 1995). 

It must be noted that the pre-tsunami assemblage 
was already typical of a high-marsh environment, oc­
cupying the highest part of the inter-tidal zone. The 
deposition of Unit B rapidly raised the surface by on 
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average 40 cm. If the surface of the low land was raised 
this should have resulted in the inhibited flow of tidal 
waters to this area. The continued tidal influence in 
this area can be explained by a second hypothesis, 
which speculates that coseismic subsidence may have 
occurred along the Algarve coast during the 1755 
earthquake. If the earthquake was accompanied by 
subsidence along this coast it would allow tidal waters 
to continue to enter the lowland area in spite of the 
raised high-marsh surface. Continued tidal influence 
would also account for the continued colonisation of 
the lowland by brackish-water foraminifera and os­
tracods after the tsunami. In the period since 1755, 
uplift has occurred as a result of tension accumulating 
along the active seismic fault zone due to the colli­
sion of the African and Eurasian plates (Buforn et al. 
1988, Cabral 1993, Ribeiro 1994). As a result of this 
uplift, tidal waters would no longer have reached the 
lowland area and ftuvial conditions would have begun 
to dominate the environment, resulting in the extinc­
tion of this fauna. Geomorphological observations by 
Andrade (1992) of the backbarrier deposits of Tavira 
island, located in the eastern section of the Algarve 
coast, and also interpreted as being due to the 1755 
tsunami, suggest that there was coseismic subsidence 
of the coastal zone following the earthquake. This au­
thor also concludes that there was slow uplift along 
the coast of the central and eastern Algarve during the 
following decades. This uplift resulted in tidal delta 
structures, which formed in the inter-tidal zone, being 
raised to a level slightly above spring water flood tide 
level, and implies an uplift of about 1 m above the 
altitude at which they were deposited. 

In the western Algarve coseismic subsidence 
caused by the 1755 earthquake would have main­
tained intertidal conditions in the estuarine lowland 
of the Boca do Rio during the post-tsunami period. 
The historically recorded destruction of the barrier and 
associated foredune by the tsunami would also have 
made this lowland more accessible to tidal waters. As 
the barrier reformed and crustal uplift occurred, ftuvial 
sedimentation would begin to dominate the lowland. 

Conclusions 

Major environmental changes are recorded by the fo­
raminifera and ostracod assemblages preserved in the 
late Holocene sediments of the Boca do Rio low­
land in the southern Algarve coast of Portugal, and 
these environmental changes can be dated using the 



320 

OSL method. The number of individual microfossils 
occurring in each of the four sediment units compris­
ing the sediment infill of this lowland as well as the 
composition and size of the tests, preservation and 
faunal diversity, allow the distinction of two major 
environmental changes. 

The first is characterised by a transition from sand 
to mud-dominated sedimentation in association with 
a change from marine to brackish-water foraminifera 
and ostracod assemblages, and can be linked to the 
moment when the beach barrier became established 
as an efficient hydrodynamic filter, providing shel­
ter to the estuarine lowland and allowing freshwater 
sedimentation to gradually take over. The OSL dates 
suggest that this episode took place between 1800 and 
1300 years ago, a time interval that may be related to 
large-scale changes in the sediment budgets of other 
Atlantic coastal locations of the Iberian Peninsula. The 
process of barrier formation seems to have been rel­
atively rapid, causing a pronounced alteration in the 
local pattern of sedimentation, and was apparently re­
lated to climate change rather than to a slowing down 
in the rate of sea-level rise, which is known to have 
occurred well before this time. 

The second change is well defined by both the fo­
raminiferal and ostracod assemblages as well as by 
sedimentological criteria, and relates to the massive 
coastal flooding generated by the 1755 Lisbon earth­
quake. Stress release associated with the earthquake 
may have resulted in co-seismic subsidence of the 
land surface, allowing tidal influence to return for a 
short period of time. In the period since 1755, uplift 
caused by tectonic stress as a result of the collision of 
the African and Eurasian plates, together with vertical 
accretion of the barrier and lowland appears to have in­
hibited tidal waters from reaching the lowland, giving 
rise to the present-day fluvial environment. 
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