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Abstract

The ocean reservoir is deficient in radiocarbon compared with the atmosphere and, consequently, an offset 
in 14C age exists between coeval samples containing marine carbon versus those containing terrestrial carbon. 
A record of past reservoir ages is preserved in the 14C ages of contemporary marine and terrestrial material. 
The quantification of the marine radiocarbon reservoir effect (ΔR) is of crucial importance to the correct 
calibration of the 14C ages of marine samples. For the southern Atlantic Iberian coast, during the last 3000 yr, 
ΔR takes the following values +69±17 14C yr (Barlavento coast), -26±14 14C yr (Sotavento coast), and -108±31 
14C yr (Andalusian coast), which are in accordance with the oceanographic conditions present in each area. 
Results also suggest that during the 5th millennium cal BP very different oceanographic conditions (high 
positive ΔR values) prevail in the Barlavento and in the Atlantic Andalusian coastal areas and, consequently, 
in all the northern Gulf of Cadiz region, perhaps due to the extension of the Azores Front eastward along the 
Azores Current penetrating into the Gulf of Cadiz.
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Resumen

El reservorio de radiocarbono oceánico es deficitario en comparación con el atmosférico y, como consecuen-
cia, existe un desfase de 14C entre muestras equivalentes con carbono de procedencia marina y continental. 
Las edades radiocarbónicas de muestras contemporáneas, procedentes de ambos medios, conservan un 
registro de los reservorios pasados y de su evolución temporal. La cuantificación del efecto reservorio radio-
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carbónico marino (ΔR) es muy importante en la correcta calibración de las edades de 14C procedentes de 
muestras marinas. Durante los últimos 3.000 años, los valores de ΔR en la costa atlántica ibérica meridional 
han seguido las fluctuaciones de las condiciones oceanográficas de cada sector, así, en la costa de Barloven-
to (Portugal) el valor medio es de +69±17 años 14C, -26±14 años 14C en la costa de Sotavento (Portugal) y 
–108±31 años 14C en la costa de Andalucía occidental (España). Los resultados también sugieren que durante 
el V milenio cal BP existieron unas condiciones oceanográficas muy diferentes (valores muy altos de ΔR) en 
las costas de Barlovento y Andalucía, y por lo tanto en todo el sector ibérico del golfo de Cádiz, debido quizás 
a la penetración hacia el este del Frente de las Azores, siguiendo la entrada de la corriente de las Azores en 
el golfo de Cádiz.

Palabras clave: Datación radiocarbono, efecto reservorio, Holoceno, Golfo de Cádiz.

1. Introduction

Radiocarbon (14C) dates on marine samples 
(usually marine shells) have not been used as 
extensively as charcoal or bone dates for the 
setting up of absolute chronologies because 
interpreting these dates is complicated by the 
spatial and temporal variability of the ocea-
nographic conditions which is reflected in the 
so-called marine radiocarbon reservoir effect. 
Nevertheless marine shellfish were used 
widely by human populations at least during 
the Holocene and their shells are abundant 
and usually well preserved in archaeological 
deposits located near shorelines. Their radio-
carbon content reflects the content of this 
element in the marine environment where 
the shells were formed. Consequently this 14C 
content value not only allows to infer chan-
ges occurring over time in the environment 
where the shells grew or in related geophy-
sical reservoirs, but also by their dating to 
determine the chronology of the sedimentary 
sequence from where they have been collec-
ted. For this reason, prior research concer-
ning the oceanographic conditions and the 
marine radiocarbon reservoir effect (ΔR) of a 
particular coastal area is needed in order to 
set up reliable chronologies for that region. 
The quantification of ΔR is of crucial impor-
tance to the correct calibration of the 14C ages 
of marine samples and thereafter to build up 
reliable and accurate chronologies.

In the present study, the results concerning 
the determination of the marine radiocarbon 

reservoir effect for the coastal waters of the 
Gulf of Cadiz are presented and discussed. 
From now on archaeologists and geologists 
working in this region will have the possibility 
to set up more accurate and reliable radio-
carbon chronologies for Holocene events, for 
prehistoric sites and cultural phases that took 
place at the territories bordering the Gulf of 
Cadiz just to the north. Besides the impor-
tance of these issues, the quantification of 
the marine radiocarbon reservoir effect also 
allows a better knowledge of the palaeo-
ceanography and palaeoclimatology of the 
Southern Atlantic Iberia.

2. �The marine radiocarbon reservoir effect 
(ΔR)

As is well known, the ocean reservoir is 
deficient in radiocarbon compared with the 
atmosphere. The residence time of carbon in 
the deep ocean is about 1000 yr (Sigman and 
Boyle, 2000). Thus a fraction of the 14C atoms 
have time to decay (the 14C half-life is 5730 yr) 
while the deep water is out of contact with 
the atmosphere. The deep ocean is therefo-
re depleted in 14C relative to the atmosphe-
re, and consequently the surface seawater 
(mixed layer) also has a 14C specific activity 
lower than that of the atmosphere but grea-
ter than that of the deep ocean. Therefore a 
14C reservoir age exists for the ocean, i.e. an 
offset in 14C age exists between coeval sam-
ples containing marine carbon versus those 
containing terrestrial carbon. Following Stui-
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ver et al. (1986) the marine radiocarbon reser-
voir age, R(t), can be defined as the difference 
between conventional 14C dates from a pair of 
coeval samples that lived in different carbon 
reservoirs (marine and terrestrial biosphere). 
R(t) is time-dependent due to variations of 
14C content in the atmosphere and differen-
ces between transfer rates of 14C between 
the atmosphere and the ocean reservoir 
through time. Reservoir age is also variable 
from region to region of the ocean (Stuiver et 
al., 1986; Stuiver and Braziunas, 1993; Reimer 
et al., 2002; Reimer and Reimer, 2006) since 
the oceanographic conditions present in each 
region are different due to variations in reser-
voir parameters such as water mass mixture, 
wind regime, bathymetry, and upwelling of 
deep water.

Considering these issues Stuiver et al. (1986) 
modelled the response of the world ocean to 
atmospheric 14C variations. From this mode-
lling two calibration curves for marine sam-
ples have been derived: one related to the 
deep ocean and the other to the sea surface 
water (mixed layer). Besides, in order to take 
into account the difference in 14C content bet-
ween the surface water of a specific region 
and the average surface water, a parameter, 
denoted as ΔR (regional marine 14C reservoir 
effect), is defined as the difference between 
the reservoir age of the mixed layer of the 
regional ocean and the reservoir age of the 
mixed layer of the average world ocean in 
AD 1950 (Stuiver et al., 1986). ΔR values are 
often determined for a particular geogra-
phical region by 14C dating of pairs of sam-
ples of the same age but of different origin 
(terrestrial and marine) and converting the 
terrestrial biosphere sample 14C age into a 
marine model age; this marine model age is 
then deducted from the 14C age of the asso-
ciated marine sample to yield ΔR (Stuiver and 
Braziunas, 1993). Although reservoir ages are 
time-dependent, ΔR is not unless some chan-
ge of oceanographic conditions restricted to 
the considered regional ocean has occurred. 
This happens, for instance, in regions affected 
by the upwelling of deep water. Since rates of 
regional upwelling can vary in the course of 

time, and the intensity of the 14C depletion in 
the mixed layer depends upon the strength 
of wind-driven coastal upwelling, it is likely 
that values of ΔR can also vary in the course 
of time (Kennett et al., 1997; Ingram, 1998; 
Ascough et al., 2005; Soares, 2005; Soares 
and Dias, 2006, 2007). Positive high ΔR values 
can be correlated with a strong upwelling, 
while low or negative ΔR values correspond 
with a weak, or even non-existent, upwe-
lling. As a measure of the regional enhan-
cement or depletion of 14C, ΔR can also be 
used as an upwelling proxy, which provides 
the most direct signal of upwelling activity 
(Diffenbaugh et al., 2003).

It must be noted that R(t) and ΔR, although 
connected with the marine radiocarbon reser-
voir effect, are different entities and users of 
radiocarbon dates of marine samples should 
not confuse these entities that have diffe-
rent definitions and meanings (Soares, 2010; 
Rodríguez-Vidal et al., 2010). R(t) is always 
positive, taking into consideration its defini-
tion mentioned above, while ΔR can be either 
positive or negative (Stuiver and Braziunas, 
1993; Stuiver et al., 2009). ΔR is the para-
meter that has to be known when a marine 
radiocarbon date is calibrated, i.e. converted 
in calendar years. Marine13 is the last calibra-
tion curve published (Reimer et al., 2013) for 
the mixed layer, the most widely used and its 
use internationally recommended.

Along the western coasts of Europe, active 
wind-driven coastal upwelling is, at present, 
practically restricted to the Atlantic coast of 
the Iberian Peninsula, particularly from Cape 
Finisterra to Cape São Vicente. A research 
concerning the reservoir effect in the coastal 
waters off the western Atlantic Iberian Penin-
sula enabled a clarification concerning the 
variability of the wind-driven coastal upwe-
lling off Atlantic Iberia along the Holocene 
(Soares, 2005; Soares and Dias, 2006, 2007). 
ΔR values, although usually strongly positives, 
e.g. 250±25 14C yr for the modern value or 
a value of 95±15 14C yr for the time interval 
between 3000 to ≈600 BP, suggest a signifi-
cant fluctuation with time in the strength of 
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the coastal upwelling in the western Portu-
guese coast between Aveiro and Faro, and 
also off north-western Galicia. On the other 
hand, a recent study concerning the 14C con-
tent determination of marine mollusc shells 
collected off the European Atlantic margin 
between 45º N and 60º N showed that ΔR 
takes the value of –7±50 14C yr (Tisnérat-
Laborde et al., 2010) which is in accordance 
with the prevailing oceanographic conditions 
of that region influenced by the North Atlan-
tic Current and where the coastal upwelling 
is not present. Another example could be the 
research carried out concerning the Canary 
Archipelago. Coastal Fuerteventura has a 
positive weighted mean ΔR value of +185±30 
14C yr, while for Tenerife the weighted mean 
ΔR value is 0±35 14C yr (Martins et al., 2012). 
These values are in accordance with the 
hydrodynamic system present off the Canary 
Islands characterized by a coastal upwelling 
regime that affects the eastern islands (Fuer-
teventura and Lanzarote) but not the other 
islands of the archipelago, namely Tenerife. 
Because of this oceanographic pattern, the 
extrapolation of these results can be done to 
the remaining islands of the archipelago, i.e. 
the first value must be used for the eastern 
islands, while for the central and western 
islands the acceptable ΔR value is 0±35 14C 
yr These examples are intended to show the 
importance of knowledge of the oceanogra-
phic conditions and also of the ΔR (marine 
radiocarbon reservoir effect) value or values 
prevailing in a particular regional ocean in 
order to set up reliable and accurate chrono-
logies for the events that have occurred in the 
land territories bordering that sea.

3. The Gulf of Cadiz

3.1. Oceanographic conditions

The Gulf of Cadiz receives and mixes out-
flowing Mediterranean water and is influen-
ced by Portuguese and Moroccan coastal 
currents, and by an extension of the Azores 
Current. South of the Azores Islands, the Azo-
res Current coincides with the Azores Front, 

which marks the north-eastern boundary of 
the North Atlantic subtropical gyre. The Azo-
res Front corresponds to a zone of strong 
hydrographical transition, not only in terms of 
temperature but also in the structure of the 
water column, and is characterized by locally 
intense upwelling (Rogerson et al., 2004). The 
Azores Front does not penetrate into the Gulf 
of Cadiz at present, even though the Front 
resides in the Atlantic Ocean at the same 
latitude as the Gulf of Cadiz. These various 
influences result in a complex circulation pat-
tern in the Gulf of Cadiz.

The Portuguese southern coast (Algarve) is 
oriented along 37º N, between 7º 20´ W and 
9º W (Fig. 1). The regime of winds is strongly 
correlated with the latitudinal migration of 
the subtropical front and with the dynamics 
of the Azores anticyclone cells. Hence, the 
atmospheric circulation associated with the 
Azores high corresponds to westerly winds 
in winter and to northerly and north-wes-
terly winds with considerably more strength 
in summer. These northerly summer winds 
induce Ekman transport offshore along the 
western Iberian coast, i.e. they are clearly 
upwelling favourable in that coastal region, 
while westerly winds can induce this pheno-
menon in the southern coast.

The western part of the Portuguese southern 
coast, i.e. the western part of the northern 
coast of the Gulf of Cadiz, the so-called Bar-
lavento (windward) region, located between 
Cape San Vicente and Cape Santa Maria 
(Fig.  1), is influenced by the dynamic effect 
of Cape San Vicente that allows upwelled 
water present along the western Portuguese 
coast to move south-eastward and eastward, 
creating a quasi-permanent upwelling area 
around the cape (Fiúza, 1982, 1983; Fiúza et 
al., 1982; Ferreira, 1984).

The central part of the northern coast of 
the Gulf of Cadiz, the so-called Sotavento 
(leeward) region, located between Cape Santa 
Maria and the mouth of the Guadiana River, 
can also be influenced by the upwelling phe-
nomenon, although in this region it presents 
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a week activity. When the prevailing winds in 
the Gulf of Cadiz are from the west, a minor 
upwelling area occurs offshore to the east of 
Cape Santa Maria (Vargas et al., 2003).

Finally, in the eastern part of the southern 
Iberian Atlantic coast (the Andalusian coast), 
due to its configuration describing an arc 
between the mouth of the Guadiana River 
and the Strait of Gibraltar the wind-driven 
coastal upwelling is non-existent, contrarily 
to the situation occurring off other coasts of 
the Atlantic Iberia, from Cape Ortegal to Cape 
São Vicente and even at the southern coast of 
Portugal as mentioned above.

Taking into account these oceanographic con-
ditions occurring off the southern Atlantic Ibe-
rian coast it seems that the Sotavento region 
will be a transition zone between a region, 
the Barlavento, where upwelled waters are 
important due to the influence of the wes-
tern coastal upwelling system and an area, 
the western Andalusian coast of the Gulf of 
Cadiz, where the upwelling regime is absent. 
Since the ΔR is an upwelling proxy, the values 
of this parameter for these three regions 

should be in accordance with the oceanogra-
phic conditions, i.e. it is expected a positive 
value for Barlavento, most likely a negative 
value for the Andalusian coast and between 
these values the value for the Sotavento.

3.2. The marine 14C reservoir effect

Pairs of closely associated archaeological 
samples (marine shells/charred wood or 
bones) from each depositional context were 
collected from archaeological sites present in 
Barlavento, Sotavento and Andalusian regions 
(see Fig. 1). Sampling and analytical procedu-
res are described in detail elsewhere (Martins 
and Soares, 2013; Soares, 2005; Soares and 
Dias, 2006, 2007). Radiocarbon ages were 
calculated in accordance with the definitions 
recommended by Stuiver and Polach (1977). 
ΔR values were determined by converting 
the terrestrial biosphere sample 14C age into 
a marine model age. This marine model age 
was subtracted from the 14C age of the asso-
ciated marine shell sample to yield ΔR using a 
methodology based on Ascough et al. (2005, 
2007, 2009) and Russell et al. (2011). The 
reservoir age R(t), i.e. the difference between 
conventional 14C dates from a pair of coeval 
samples that lived in different carbon reser-
voirs, was also determined. ΔR and R(t) values 
are listed in Table 1.

Fifteen ΔR values were determined for the 
Barlavento coast but three (+527 ± 54 14C yr, 
+553 ± 86 14C yr, and +380 ± 75 14C yr) were 
rejected in the calculation of the ΔR weighted 
mean value taking into account the χ2 results 
(127.25; (χ2

:0.05=23.68)). With the remaining 
twelve values a ΔR weighted mean value of 
+69 ± 17 14C yr was determined for this coas-
tal region.

Regarding the Sotavento region, thirteen ΔR 
values were obtained but one (+190 ± 51 14C 
yr) was rejected, being the remaining twel-
ve values statically indistinguishable [17.75; 
(χ2

:0.05=19.68)]. A ΔR weighted mean value of 
–26 ± 14 14C yr was thereby obtained for the 
Sotavento coastal region.

Figure. 1: Location of coastal areas and archaeological 
sites analysed herein.

Figura. 1: Situación de los sectores costeros y lugares 
arqueológicos analizados.
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For the Andalusian coast two ΔR weighted 
mean values were obtained. Two sets of ΔR 
values were considered in the calculation of 
the weighted mean value, namely the three 
positive values (+200 ± 66 14C yr, +98 ± 106 

14C yr, and +327 ± 233 14C yr) resulting in a ΔR 
weighted mean value of +180 ± 66 14C yr, and 
the remaining six negative values with a ΔR 
weighted mean value of –108 ± 3114C yr.

If the ΔR data present in Table 1 are plotted 
against time (Fig. 2) the variability of the ΔR 
can be observed and compared among the 
three coastal regions. The high positive ΔR 
values can be correlated with the presence 
of the upwelling phenomenon, while low or 
negative ΔR values correspond to a weak, or 
even non-existent, upwelling. The Barlavento 
coast has the higher values of ΔR, the Anda-
lusian coast the more negative ones and the 
Sotavento coast, a transition zone as mentio-
ned before, has values between these two as 
expected. The ΔR values that were determi-
ned for the three regions are, consequently, in 

accordance with the existent oceanographic 
conditions. The highly negative values obtai-
ned for the Andalusian coast are consistent 
with a non-existent coastal upwelling, also 
suggesting some stratification of the water 
column.

However, it must be noted that before 3 ka BP 
positive ΔR values were determined for the 
Andalusian coast and higher positive values 
for the Barlavento coast strongly suggesting 
a major change in the oceanographic con-
ditions prevailing in the entire region of the 
southern Iberian Atlantic coast (see rejected 
values in the calculation of the ΔR weighted 
mean for the Barlavento coastal region). A 
similar situation has already been verified 
in this same region in two periods between 
the Last Glacial Maximum and the Holocene, 
which can be explained by the extension of 
the Azores Front eastward along the Azo-
res Current into the Gulf of Cadiz (Rogerson 
et al., 2004). Taking into account that a strong 
upwelling is always associated with the Azo-

Figure 2: ΔR (±1σ) values for the 3 coastal regions plotted versus terrestrial 14C ages (±1σ).
Figura 2: Valores de ΔR (±1σ) de los tres sectores costeros, comparados con edades de 14C (±1σ) terrestre.
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res Front the positive ΔR values that were 
determined for the time period mentioned 
above can be easily explained.

Besides this, at 866 ± 50 BP, a peak (ΔR= +190 
± 5114C yr) in the ΔR dataset from the Sotaven-
to coast was obtained, which match another 
peak (ΔR= +587 ± 125 14C yr) obtained at 872 ± 
90 BP in the western Portuguese coast (Soares 
and Dias, 2006) and another one (ΔR= +270 ± 
40 14C yr) obtained at 860 ± 90 BP in the wes-
tern Galician coast (Soares and Dias, 2007). 
These synchronous peaks (see Fig. 3) can be 
related with the cold event found at 0.8 ka cal 
BP by deMenocal et al. (2000) which in turn 
can be related with the climatic reorganiza-
tion associated with the end of the Medieval 
Warm Period and the beginning of the Little 
Ice Age.

Finally, in the field of practical application of 
the ΔR values determined for the Andalusian 
Atlantic coast, it should be noted that the exis-
tence of such different two values for ΔR can 
introduce some uncertainty when performing 
the calibration of conventional radiocarbon 
dates of marine shells from the 5th millen-
nium BP. Table 1 shows in the 2nd column 
the weighted age of terrestrial and marine 
samples of the dated pairs and it can be seen 
that the first four radiocarbon dates (Papa 
Uvas E15, Papa Uvas FIV, La Viña Silo 16, Papa 
Uvas F12) are statistically indistinguishable at 
95% level [1.46; (χ2

:0.05=7.81)]. However, with 
these pairs two different ΔR weighted mean 
values were calculated. Also the respective 
R(t) values of those four dates can be assem-
bled in two groups (see Table 1, last column): 
240±130 14C yr, 285±63 14C yr; 521±63 14C yr, 
439±115 14C yr. Looking at R(t) values in Table 
1 it can be verified that R(t) will take an appro-
ximate value of 250 14C yr for the mentioned 
negative ΔR values or ca. 480 14C yr for the 
positive ones. Taking into account this desi-
deratum a shell sample collected in the Anda-
lusian Atlantic coast with a true age of 4350 
BP will have an apparent age of ca. 4800 BP, 
while another shell sample with a true age of 
4550 BP will have the same apparent age. So, 
a priori, we do not know which ΔR we must 

use for the calibration of those dates. If those 
dates are from a sequence and we are using a 
Bayesian model it will perhaps be possible to 
choose one of the values taking into account 
the value obtained for the model agreement. 
For other cases using marine shell dates from 
the 5th millennium BP it will be hard to choo-
se which of the two ΔR values should be used.

4. Conclusions

A record of past reservoir ages is preserved 
in the 14C ages of contemporary marine and 
terrestrial material, which can provide valua-
ble information concerning the palaeointen-
sity of coastal upwelling or of other palaeo-
environmental processes in marine regions.

Figure 3: The synchronous peaks around 870 BP.
Figure 3: Valores máximos alrededor de hace unos 870 

años BP.
Table 1. ∆R and R(t) values for the three areas of the 
northern Gulf of Cadiz region (Barlavento, Sotavento 

and Andalusia).
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Table 1: ΔR and R(t) values for the three areas of the northern Gulf of Cadiz region (Barlavento, Sotavento and 
Andalusia).

Tabla 1: Valores de ΔR y R(t) para los tres sectores costeros del golfo de Cádiz septentrional (Barlovento, Sotavento y 
Andalucía).

Archaeological Context 14C age (BP)1 cal BC/AD (2σ) cal BP (2σ) ∆R (14C yr) R(t) (14C yr)
Barlovento2,3

Alcalar M7 5636 ± 97 (6520±40) 4710 – 4330 cal BC 6659 – 6279 +527 ± 54a 892±58
Pedra Escor. - 3985 ± 55 (4870±40) 2834 – 2300 cal BC 4783 – 4249 +553 ± 86a 908±49

Alcalar [781] 3957 ± 45 (4490±51) 2576 – 2306 cal BC 4525 – 4255 +158 ± 64 533±68
Rocha Branca QD3 2566 ± 42 (3010±45) 813 – 544 cal BC 2762 – 2493 +79 ± 73 443±61
Rocha Branca QE3 2391 ± 44 (2880±50) 750 – 389 cal BC 2699 – 2338 +158 ± 58 493±66

P.J. Faro EA 2234 ± 40 (2640±50) 390 – 203 cal BC 2339 – 2152 +40 ± 74 410±64
V.V. Alvor - 2105 ± 65 (2480±70) 359 cal BC – 24 cal AD 2308 – 1927 +36 ± 110 382±95

Loulé Velho Abside 2028 ± 72 (2480±50) 345 cal BC – 128 cal AD 2294 – 1823 +113 ± 87 450±89
Loulé Velho 2 1754 ± 44 (2130±45) 138 – 392 cal AD 1812 – 1558 +32 ± 62 372±64
P.C. Silves Q30 1277 ± 38 (1620±40) 659 – 861 cal AD 1292 – 1090 -51 ± 64 345±54
P.C. Silves Q4 1139 ± 45 (1880±70) 776 – 992 cal AD 1174 – 959 +380 ± 75a 743±83

R. Arrochela Silo 4 1060 ± 41 (1490±30) 891 – 1029 cal AD 1060 – 921 +67 ± 35 435±40
Lagos RJ306 564 ± 36 (1056±33) 1302 – 1430 cal AD 648 – 520 +59 ± 55 492±49
Lagos RJ37 539 ± 34 (1040±39) 1312 – 1440 cal AD 638 – 511 +77 ± 47 501±52
Lagos RJ86 423 ± 35 (984±40) 1419 – 1620 cal AD 531 – 330 +106 ± 49 561±53

Weighted Mean 
Calculation for ΔR χ2

:0.05= T (1st test) 127.25; (χ2
:0.05=23.68) a – rejected values

χ2
:0.05= T (2nd test) 9.32; (χ2

:0.05=19.68)
Weighted Mean: ΔR=+ 69 ± 17 14C yr Modern value3: ΔR=+353±32 14C yr

Sotavento3

Castro Marim UE 340 2458 ± 82 (2755±45) 782 – 402 cal BC 2731 – 2351 -51 ± 113 297±94
Castro Marim UE 345 2447 ± 83 (2752±37) 780 – 398 cal BC 2729 – 2347 -37 ± 97 305±91
Castro Marim UE 89 2438 ± 34 (2671±32) 752 – 406 cal BC 2701 – 2355 -120 ± 41 224±34
Castro Marim UE 215 2431 ± 55 (2740±47) 757 – 401 cal BC 2706 – 2350 -7 ± 65 309±72
Castro Marim UE 124 2427 ± 68 (2660±34) 764 – 397 cal BC 2713 – 2346 -146 ± 81 228±60
Castro Marim UE 299 2419 ± 41 (2771±60) 752 – 399 cal BC 2701 – 2348 -11 ± 100 352±73

Tavira RAF 1662 ± 58 (1984±48) 252 – 536 cal AD 1669 – 1415 -44 ± 76 322±75
Cacela UE 405 866 ± 50 (1447±34) 1040 – 1260 cal AD 910 – 690 +190 ± 51b 575±50
Cacela UE 410 860 ± 36 (1257±20) 1046 – 1260 cal AD 905 – 690 +26 ± 26 401±28
Tavira CSM 839 ± 32 (1133±40) 1057 – 1265 cal AD 893 – 685 -80 ± 42 291±43
Tavira Sap.5 708 ± 36 (1178±37) 1227 – 1389 cal AD 723 – 562 +55 ± 41 470±52
Tavira Sap.6 649 ± 29 (998±42) 1281 – 1395 cal AD 670 – 556 -59 ± 52 349±41
Tavira CNSP 271 ± 27 (647±25) 1520 – 1797 cal AD 430 – 153 -37 ± 32 381±26

Weighted Mean 
Calculation for ΔR χ2

:0.05= T (1st test) 34.59; (χ2
:0.05=21.03) b – rejected value

χ2
:0.05= T (2nd test) 17.75; (χ2

:0.05=19.68)
Weighted Mean: ΔR=-26 ± 14 14C yr Modern value3: ΔR=+17±52 14C yr 
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ΔR weighted mean values determined for the 
last 3000 years – ΔR = + 69 ± 17 14C yr (Bar-
lavento coast); ΔR = -26 ± 14 14C yr (Sotaven-
to coast); ΔR = -108 ± 31 14C yr (Andalusian 
coast) – are in accordance with the oceano-
graphic conditions present in each area.

On the other hand, the obtained data 
suggests that very different oceanographic 
conditions (high positive ΔR values) prevail in 
Barlavento and Andalusian coastal areas and, 
consequently, in all the northern Gulf of Cadiz 
region during the 5th millennium cal BP, per-
haps due to the extension of the Azores Front 
eastward along the Azores Current penetra-
ting into the Gulf of Cadiz. Finally, a peak in 
the ΔR data set for the Sotavento coast was 
identified at 866 ± 50 BP, which can be rela-
ted to the cold event that took place at 0.8 
ka cal BP.

Using the obtained ΔR values with the cali-
bration curve Marine13 is currently the best 
approach to calibrate marine shell radiocar-
bon dates in order to set up reliable and accu-
rate chronologies.
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