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Introduction 
 
Past hydroclimate variability can be fairly reconstructed using a combination of different types of proxy 
records. One goal of WP3 is to extend the existing instrumental record backward in time by developing 
proxy reconstructions. The latter allows the reconstruction of hydroclimatic parameteres over longer 
timescales than the existing instrumental data.  Our objective within WP3 is the reconstruction of the 
paleohydrological variability through the study of lake records across the Argentinean Pampas covering 
the last ~300 years.  
 
 
General remarks 
 
Pampean lakes (i.e., Laguna Mar Chiquita, Laguna Melincué and Lagunas Encadenadas del Oeste de 
Buenos Aires) allowed us the opportunity to identify long-term hydrological changes to better understand 
the circulation dynamics in South Eastern South America (SESA) during the last three centuries. For 
instance, Laguna Mar Chiquita (30°54’S-62°51’W), an extensive shallow saline endoreic lake, located in 
central Argentina, west of the Paraná-Plata basin (Fig. 1), has clearly undergone 20th century hydrologic 
changes through abrupt lake level fluctuations. The lake is a unique site in South America because 
continuous lake level measurements have recorded the major 70’s change. The lake surface was reduced 
to less than 2000 km2 during dry periods, whereas it reached an area of approximately 6000 km2 during 
its maximum extension in 2003, making it not only the largest saline lake in South America but also one 
of the largest saline lakes in the world. Moreover, historical data allowed to reconstruct the lake 
evolution before the instrumental period. 
 
An increasing number of lacustrine records is available for southern South America east of the Andes. 
New limnogeological results spanning the last centuries across the subtropical Pampean plains of 
Southern South America can be compared with lacustrine records overall Andean and extra Andean 
sectors of eastern Patagonia. The development of contrasting hydrological patterns can be observed 
between the pampean region (Laguna Mar Chiquita, 30°S; Laguna Melincué, 34°S; Lagunas 
Encadenadas del Oeste de Buenos Aires, 37°S) and eastern Patagonia (Lago Frías, 41°S; Lago Cardiel, 
49°S; and Laguna Potrok Aike, 52°S) at both sides of the South American Arid Diagonal during 
prevailing warm or cold climatic phases, respectively.  
 
Several proxies (lake sediments, historical documents and archaeological data) indicate contrasting 
hydrological behaviour during the Medieval Climatic Anomaly (MCA) and the Little Ice Age (LIA) (Fig 
2). High lake levels in Mar Chiquita after 1,475 cal years BP and by 1,060 cal years BP as well as 
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archaeological reconstruction indicate wet and warm conditions across the Pampean region for the period 
prior and synchronous to the MCA. Paleohydrological reconstructions indicate that the MCA wet phase 
had a magnitude equivalent to the present-day one; however, it was not uniform and included a dry, and 
therefore cooler, phase between 1,475 cal a BP and 1,060 cal a BP. In contrast, there are multiple 
evidence of increased aridity during the MCA overall Patagonia as well as all the regions under the 
influence of latitudinal shifts of the Southern Hemisphere westerlies 
 
Paleohydrological proxies for the cold period corresponding to the LIA indicate opposite hydroclimatic 
conditions in the Pampean region and Patagonia, respectively. Several proxies in the Laguna Mar 
Chiquita record as well a high number of historical sources signify an intense drying northward the Arid 
Diagonal due to a diminished meridional transport of moisture into the subtropics.  Laguna Mar Chiquita, 
Laguna Melincué and Lagunas Encadenadas del Oeste de Buenos Aires show altogether extremely low 
water-levels after the wet phase corresponding to the Medieval Climatic Anomaly (last recorded wet 
pulse around 1,060 cal a BP). Conversely, paleolimnological reconstructions suggest wet conditions in 
Patagonia or even the Central Andes during the Little Ice Age probably due to a fortified Pacific source 
of moisture. 
 
Following the scenario of summer precipitation in the subtropics, the lake-levels increase in Lake Mar 
Chiquita during the MCA and the last part of the 20th century can be interpreted as a response to 
increased summer moisture convergence. More humid conditions, resulting of increasing low-level jet 
moisture transport associated with a weaker SACZ seasonal development can further proposed for the 
MCA. In contrast, colder SST anomalies during the LIA were accompanied by lower precipitations in the 
pampean region due to a decreased low level jet moisture as identified during present-day cold phases  
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Figure 1 (a) Location of Laguna Mar Chiquita and its catchment spanning 26°S to 32°S at the west of the Parana-Plata basin. 
The first enlarged view shows the location of rainfall (noted 1 to 6), the discharge gauging stations (noted R1, R2, R3a, and 
R3b) and the measurements of lake level (noted L). The two satellite pictures show the Salinas de Ambargasta and the 
northern wetlands Bañados del Rio Dulce in the delta of Rio Dulce (source: http://earth.google.fr); (b) Lake level variation 
curve (Piovano et al., 2002): the interval AD 1890-1967 was reconstructed from historical data (circles in dashed line) and 
intrumental records started in AD 1967. Lake level variation = 0 is an intermediate lake-level stage that matches the AD 1977 
shoreline elevation. Positive values represent highstands (dark grey area) and negative values indicate lowstands (pale grey 
area); (c) Lake level record of Lake Mar Chiquita during the 1967-2009 with satellite images of lake surface variations 
encountered since the 1970s in association with lake level variations 
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These paleohydrological data from Patagonia and the Pampean plains further indicate that the 
development of anti-phase hydrological pattern was active only after the middle Holocene. The anti-
phasing cold/wet vs. cold/dry hydrological conditions at different latitudes reveal that increased rainfall 
triggered by intensified Westerlies in Patagonia are synchronous with a diminished advection of 
humidity from the tropics to the subtropics. 
 

 
 
Figure 2. Quantitative paleo-lake level reconstruction based on the isotopic composition of organic matter (δ13C) on core 
TMC-02-2 following Piovano et al. (2004a). Photograph of the analized core on the left side of the figure. Δ lake level is 
expressed as a deviation of the 66.5 masl shoreline. Δ lake level = 0 is an intermediate lake-level stage that matches the AD 
1976-1977 shoreline elevation.  Positive values represent highstands (lake surface beyond the AD 1976 shoreline position in 
the scheme) and negative values indicate lowstands (lake surfaces below the AD 1976 shoreline position in the scheme). Cal a 
BP are calibrated radiocarbon ages (Table 1) whereas years AD are derived from the 210Pb chronology (Piovano et al. 2002). 
Arrows indicate dated level. Lake levels below -6 m are not realistic and are interpreted as a statistical artefact of the equation 
for reconstruction paleo-lake levels (see Piovano et al. 2004a) due to super heavy organic carbon isotope compositions during 
high evaporative phases. 
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