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CONCLUSIONS
In spite of the usual problems inherent to playa-lake sedimentary systems (i.e., eolian erosion and hiatum; lack of pollen preservation in all levels of the sequence; difficulty to obtain a complete chronological control, etc), we present in 

this study the potential of these records. Evidence for higher-than-present lake levels and steppe vegetation during the Holocene and around the Lateglacial have been described in several records from the northern Mediterranean, particularly 
the central and eastern regions (Prentice et al., 1992; Roberts & Wright, 1993; Yu & Harrison, 1995). The apparent conflict between semi-arid conditions indicated by the pollen assemblages and increased effective moisture as shown by lake 
level reconstructions in some periods has been solved by postulating changes in rainfall seasonality as the main factor controlling moisture availability and vegetation. From the observed common patterns in all saline lake records from the 
Central Ebro Basin, including the La Salineta and La Playa records presented here, we postulate the following conclusions: 
i) the regional vegetation cover is scarce and representative of important aridity conditions during the Holocene in continuity with the usual Lateglacial landscape (Valero-Garcés et al., 2000, 2004). In fact, Pinus continues as the main 

arboreal component in the vegetation cover, with junipers and evergreen oaks that are in minor percentages. Therefore, the role of the pine in the vegetation history of the Mediterranean Iberia has been more important and continuous than 
the phytosociolgy tradition postulated (Rivas-Martínez, 1982); 

ii) the Early Holocene was also probably a more humid period in the Central Ebro Basin, as indicated by sedimentological observations, but persisting the same steppe indicators in the region than during the Lateglacial (i.e. Artemisia, 
Lygeum spartum, Ephedra distachya, Ephedra fragilis, Poaceae, Asteraceae, Fabaceae).

iii) the fluctuations of gypsophilous and hydrohygrophilous taxa, in relation with changes in mineralogical and isotopic composition obtained in these deposits, indicate important fluctuations in the humidity balance during Holocene and 
Lateglacial, 

iv) the expansion of Olea is due to agricultural practices in the region, and associated to medieval and recent historical times as postulated by Davis in 1994

POLLEN ASSEMBLAGES

La Playa record is chronologically longer than La Salineta sequence. The increase of Olea and the presence of Cerealia at the top of the sequence confirm that the upper 30 cm 
represent the last 2000 years BP. Samples from the bottom of the core (units 4 and 5) were palynologically sterile and they are not represented in the diagram. Pinus is also the dominant 
arboreal taxum, ant the rest of the AP group is always represented in minor percentages, similarly to La Salineta and other sequences from the region. This playa-lake site has been studied 
previously by other authors (Pérez-Obiol and Roure, 1990; Stevenson et al, 1991). However, the inexistence of a chronological control, the unknown location of the cores and some 
taxonomic differences (Juniperus, Carpinus/Ostrya, Myriophyllum spicatum) prevent a good correlation with the record presented here. 

The sedimentary units 5 and 4 at the base of the record, are palynologically sterile. Four pollen zones have been defined in the diagram: between 120-100 cm depth the spectra of 
the pollen zone 1 show the most arid and cool/cold period of the sequence with the minor proportion of AP (around 40%) and the maximum of Artemisia (20%). It corresponds with the 
sedimentary unit 3a and we hypothesize it could represent the Younger Dryas. This attribution is supported by the presence of Abies at 120 cm depth, unique in the record, coherent with 
other lateglacial pollen sequences in the region (González-Sampériz, 2004). In pollen zone 2 (100-70 cm depth), the AP proportion reach 80% with the pine as the dominant tree. 
Chenopodiaceae, Asteroideae, Artemisia and Lygeum spartum decrease, indicating some reduction of xeric conditions. This zone correspond to the Early Holocene, dated at 80 cm depth 
in 9816 + 148 cal yr BP. Pollen zone 3 coincides with the sedimentary unit 2a and it is characterized by fluctuations mainly in the pine, AP, Poaceae, Artemisia, Lygeum spartum, Rumex, 
Urticaceae, Boraginaceae, Lamiaceae, Cyperaceae and Myriophyllum’s curves. These results suggest the alternation of more arid to more humid conditions characteristic of the 
hydrological evolution of these systems. Finally, at the top of La Playa record the anthropogenic influence in the landscape is evidenced by taxa related to agriculture and grazing 
(ruderals, Cerealia and Olea expansion). 
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LA SALINETA AND LA PLAYA RECORDS: Methods and ChronologyINTRODUCTION

POLLEN ASSEMBLAGES 

La Salineta pollen record indicates a semiarid-Mediterranean vegetation cover, similar to current formations of the central Ebro valley in northeastern Spain. Pinus is the main 
arboreal component, next to Juniperus and evergreen Quercus with lower percentages. Thermophilous shrubs compose the rest of the AP group, with some mesophytes controlled by 
soil-moisture conditions (Tamarix, Salix). The increase in Olea at the top of the sequence corresponds to the increase in olive cultivation after the Middle Ages and particularly after 
the 18th century (Davis, 1994). The diagram evolution is coherent with previous studies from the area (Stevenson et al., 1991; Valero-Garcés et al., 2000; González-Sampériz, 2004). 

Samples from the base of the sequence  (sedimentary units 5 and 4) were sterile. Highly oxidizing conditions needed to destroy the pollen are coherent with frequent 
desiccation in a dolomite-producing lake system. In the rest of the sequence, three pollen zones are defined: pollen zone 1 (80-45 cm depth, unit 3a) is characterized by the highest 
proportion of Juniperus (until 20%), and increasing values of Artemisia. These assemblages indicate an arid climate, confirmed by the presence of Lygeum spartum. In pollen zone 2 
(45-25 cm depth) AP abundances decreases. Abrupt changes in pollen content and in other geochemical and sedimentological indicators suggest the presence of a hiatus at the base of 
pollen zone 2. In both pollen zones 2 and 3, changes in aquatic taxa and Chenopodiaceae indicate fluctuations in the hydrological balance. Chenopodiaceae increased when 
desiccation periods in the playa-lake were more frequent, because these herbs grow on the saline surfaces, while  hydrohygrophytes as Ruppia (characteristic of saline lakes), 
Potamogeton and Myriophyllum, need a positive water balance with some water depth during the vegetative periods. Finally, pollen zone 3 (25-0 cm depth), corresponding to 
sedimentary units 2 and 1, show the effects of anthropogenic activities (agriculture) with the expansion of Olea and Cerealia, and increasing nitrophilous taxa as Rumex, Plantago, 
Asteraceae or Brassicaceae.

The La Salineta sequence shows the usual evolution of a playa-lake system, with hydrological fluctuations depending on seasonal rainfall during the last few millennia. The 
sequence suggest a period of frequent desiccation prior to 2000 cal yr BP, and somehow more positive water balance afterwards (Roman Humid period?). After a period of desiccation 
and aeolian erosion (boundary 3a/3b and pollen zones 3 and 2), sedimentation resume during medieval times. Both regional and local vegetation are determined by the aridity 
indicating a Mediterranean steppe environment characterized by open herbaceous extensions with some isolated shrubs and trees, next to human-affected areas with farming and 
grazing. The evolution of La Salineta record is coherent with previous studies from the area (Stevenson et al., 1991; Valero-Garcés et al., 2000; González-Sampériz, 2004). 

LA SALINETA RECORD
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The spatial variability of vegetation and rainfall distribution across Spain is extreme 
compared to most other parts of the Mediterranean due to the Iberian topography and other 
geographic factors. This heterogeneity at the sub-regional scale has to be considered when 
interpreting the regional paleoclimate signal derived from the records.  The NE regions of 
Spain are a clear example of such large climatic and environmental gradients in a N-S 
gradient from the Pyrenees to the Ebro River valley.

Climatic and environmental reconstructions for the Central Ebro Basin are scarce, 
with poor chronologies, and consequently, regional reconstruction are heterogeneous and 
sometimes contradictory. More records and a multiproxy approach are needed to allow 
more detailed palaeoenvironmental reconstruction of Holocene climate in the area. To 
contribute to this purpose, we combined analysis of pollen, sedimentary facies and 
geochemistry, from two saline lake sequences located in Los Monegros region (Central 
Ebro Valley): La Playa and La Salineta. 

The results presented here come from the longer (87 cm) of the four cores that were taken in the centre of La Salineta playa-lake 
in summer 2003, and also from the longer (162 cm) of the two cores that were taken in two marginal sites of La Playa playa-lake in 
summer 2002 (Bujaraloz, Zaragoza).The sediment cores were split, described and sampled at the Pyrenean Institute of Ecology 
laboratory. Sedimentary facies were identified based on colour, lithology, and sedimentological structures and textures. Samples for 
stable isotopes, grain-size, carbonate and organic matter content and mineralogical analyses were taken every cm. In addition, samples 
for geochemical analyses and pollen were obtained every 10 cm in both sequences.

The chronology of these sequence is hampered by the absence of terrestrial remains and the very low organic matter content. In 
both cases, the AMS 14C dates have been obtained using pollen concentrates, an efficient technique when terrestrial macro-rest are 
scarce (Brown et al., 1989; Vandergoes & Prior, 2003). The base of the sequences could not be dated because the poor organic matter 
content and because there is no pollen. At La Playa record, two pollen samples near the base were analyzed and concentrated for AMS 
dating at 160 and 140 cm depth but without results.  Nevertheless, a sample at 80 cm depth in La Playa and a sample at 65-67 cm depth 
in La Salineta are dated on 8.773 ± 73 BP (9816 ± 148 calBP) and 2081 ± 38 BP (2054 ± 49 calBP) respectively. Sedimentological and 
pollen data suggest the occurrence of several hiati in the sequences, but they are not chronologically well-constrained.

Location of La 
Salineta and La Playa 
saline lakes in the 
Central Ebro Basin and 
geologic map of the 
area.
Some of the most 
important records from 
the Iberian peninsula, 
and particularly from 
the Ebro basin and the 
Pyrenees, are also 
represented in this map

SEDIMENTOLOGY AND STABLE ISOTOPES 

Sediments are mostly composed of salt minerals (gypsum and halite dominant), silicates (quartz and clays) and minor amounts of carbonates (calcite and dolomite) and organic matter (0-2 %). Five sedimentary units have been 
defined in the La Salineta core based on sedimentological, mineralogical and geochemical criteria.
Unit 5 (87-83 cm) and Unit 4 (83-78 cm) are characterized by the presence of dolomite. Unit 5 is composed of massive, greenish-gray dolomitic muds with isolated cm-long gypsum crystals. The high content in clays and quartz could
indicate stronger aeolian input. Unit 4 (83-78 cm) is characterized by massive, dark-gray dolomitic muds, with abundant mm-sized gypsum crystals. Gypsum and halite content increases towards the top suggesting the establishment of a 
sulphate-chloride saline system. Unit 3 (78-16 cm) is composed of massive, dark to light gray gypsum-rich mud with abundant mm-sized gypsum crystals. Calcite is the only carbonate. The occurrence of mm-thick saline (halite) crusts and 
detrital (higher quartz and clay minerals contents) levels points to significant changes in the water balance in the lake. Unit 2 (16-7.5 cm) is formed by the characteristic massive, to faintly laminated, dark gray gypsum-rich mud of present-
day saline lakes. The upper 7.5 cm constitutes the saline crust composed by mirabilite, bloedite, halite and other sulphates. It has an intermediate black level with the highest values of organic matter in the core (1.2 %). 
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Units 5 and 4 show the more positive values of 18O, coherent with the formation of dolomite in waters with higher 
Mg/Ca rations and likely more evaporative conditions. In the upper units 3, 2 and 1 values of 18O are rather constant, 
between –1 and –3 ‰ PDB, similar to those of the nearby Salada Mediana (Valero-Garcés et al., 2000). The  13C profile in 
carbonates ranges between –5 and –3‰ PDB. There are no valid values in the lower units 5 and 4. The intermediate unit 3 
shows a decreasing trend in the lower half (75-45 cm), an increasing trend (45-25 cm) and another decreasing trend at the top 
(25-16 cm). More negative values correspond to more “detrital” intervals in unit 3. The 13C values remain high in the upper 
units 1 and 2. Covariance between oxygen and carbon isotope values is not significant. 

The  13C profile in bulk organic matter has values ranging from –26 to –20‰, relatively higher in the longer La 
Salineta core (-27.2 to –23.2) (Valero-Garcés et al., 2004). In other saline lakes in the Ebro basin cyanobacterial mats have 
considerably heavier values (between –12.8‰ and –11.2‰) than terrestrial halophytic plants (between – 24 to –26‰ PDB). 
The 13Corg curve shows three main intervals that are consistent with the three units previously defined: Units 5 and 4 (more 
detrital and dolomite-bearing) show the lowest values, pointing to a dominance of halophytic plants in a frequently desiccated 
lake. The intermediate units 3 and 2 are characterized by a maintained trend towards higher values that are attained at the top 
of the unit (12 cm). Along this unit, the  13Corg curve marks the detrital levels (the ones indicated by higher quartz and clays) 
with lower values, again pointing to more halophytic plants. The pattern towards more negative values characterizes the upper 
unit (saline crust).0 1 2 3 4 5
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SEDIMENTOLOGICAL UNITS

Several samples were treated to concentrate pollen for AMS 14C dating, but only one 
sample had enough carbon. The tentative chronology assigns a Lateglacial age to the bottom units 4 
and 5, and Early to mid Holocene to the middle units, and a Late Holocene to the top units. 

Five sedimentological units have been defined. The bottom unit (unit 5) shows the highest 
carbonate and silicate content of the whole sequence, higher Fe and Al and lowest gypsum content. 
Unit 4 is characterized by increasing content in gypsum and decreasing content in silicates, and a 
small recovery in organic matter. The onset of unit 3 is marked by a sharp increase in calcite, and 
relatively higher organic matter content. Gypsum content slowly increases in units 3 and particularly 
in 2. Gypsum becomes the dominant mineral at the top of unit 2. Unit 1 is characterized by another 
increase in calcite. 

This sedimentary record shows a depositional evolution from more carbonate lake systems 
(units 5 and 4) towards more sulphate (units 3 and 2) and saline systems (unit 1). Very likely the 
three sequences are bounded by hiati caused by period with increased desiccation and aeolian
erosion. The basal sequence could correspond to one of the lateglacial fluctuations; the middle 
sequence corresponds to the more humid early Holocene, and the transition to the more arid mid 
Holocene; the upper sequence likely represents the resume of the sedimentation after the medieval 
times and modern times.  
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