







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 12 January 2017



                    Hydroclimate changes across the Amazon lowlands over the past 45,000 years

                    	Xianfeng Wang1,2, 
	R. Lawrence Edwards3, 
	Augusto S. Auler4, 
	Hai Cheng3,5, 
	Xinggong Kong6, 
	Yongjin Wang6, 
	Francisco W. Cruz7, 
	Jeffrey A. Dorale8 & 
	â€¦
	Hong-Wei Chiang1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 541,Â pages 204â€“207 (2017)Cite this article
                    

                    
        
            	
                        11k Accesses

                    
	
                        220 Citations

                    
	
                            87 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Hydrology
	Palaeoclimate


    


                
    
    

    
    

                
            


        
            Abstract
Reconstructing the history of tropical hydroclimates has been difficult, particularly for the Amazon basinâ€”one of Earthâ€™s major centres of deep atmospheric convection1,2. For example, whether the Amazon basin was substantially drier3,4 or remained wet1,5 during glacial times has been controversial, largely because most study sites have been located on the periphery of the basin, and because interpretations can be complicated by sediment preservation, uncertainties in chronology, and topographical setting6. Here we show that rainfall in the basin responds closely to changes in glacial boundary conditions in terms of temperature and atmospheric concentrations of carbon dioxide7. Our results are based on a decadally resolved, uranium/thorium-dated, oxygen isotopic record for much of the past 45,000 years, obtained using speleothems from ParaÃso Cave in eastern Amazonia; we interpret the record as being broadly related to precipitation. Relative to modern levels, precipitation in the region was about 58% during the Last Glacial Maximum (around 21,000 years ago) and 142% during the mid-Holocene epoch (about 6,000 years ago). We find that, as compared with cave records from the western edge of the lowlands, the Amazon was widely drier during the last glacial period, with much less recycling of water and probably reduced plant transpiration, although the rainforest persisted throughout this time.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: ParaÃso speleothem record, and comparisons with local summer insolation, tropical Atlantic SST and atmospheric CO2 concentration.[image: ]


Figure 2: Comparisons of eastern Amazon and eastern China stalagmite records.[image: ]


Figure 3: Comparisons of speleotherm records from the eastern and western Amazon.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Cave locations and moisture pathways.
a, The locations of ParaÃso Cave in the eastern Amazon (red rectangle), and of Diamante cave17 (blue rectangle) and Tigre Perdido cave9 (purple rectangle) in the western Amazon. ParaÃso Cave is located between BelÃ©m and Manaus, next to the TapajÃ³s River. Also shown are easterlies, which carry moisture to the lowlands from the tropical Atlantic. The Amazon basin and the Andes are shown in green and brown, respectively. b, 72-hour back-trajectories of moisture arriving at ParaÃso and the western Amazonian cave sites (white stars), during the wet season (in red) and the dry season (in blue), averaged over 1981 to 2010. The background topographical map was created with grid files from the global multi-resolution topography (GMRT) synthesis (http://www.marine-geo.org/tools/GMRTMapTool). Moisture trajectories were derived using the US National Oceanic and Atmospheric Administration (NOAA) Hysplit model (http://ready.arl.noaa.gov/HYSPLIT.php). The moisture at the ParaÃso Cave site is predominantly from the tropical Atlantic, whereas precipitation received in the western Amazon has largely endured recycling in the lowlands.


Extended Data Figure 2 Climatology of tropical South America.
a, Depiction of horizontal winds over South America at 850â€‰hPa (vectors, in metres per second), based on data from the National Centers for Environmental Prediction (NCEP) Climate Forecast System Reanalysis (CFSR) (1981â€“2010; http://cfs.ncep.noaa.gov/cfsr/atlas/). Also shown is precipitation (blue shading, in millimetres per day) from the Tropical Rainfall Measuring Mission (TRMM) 3B43 dataset (1998â€“2010; http://trmm.gsfc.nasa.gov/3b43.html). Winds and precipitation are averaged over December to March. b, As in a, but for June to September. c, Monthly averaged temperature, precipitation and rainfall Î´18O over BelÃ©m (blue dots) and Manaus (green triangles). The local climate at ParaÃso Cave shares the same characteristics as those of BelÃ©m and Manaus. Data are from the International Atomic Energy Agency (IAEA) Global Networks of Isotopes in Precipitation (GNIP) database (http://www-naweb.iaea.org/napc/ih/IHS_resources_gnip.html).


Extended Data Figure 3 A ParaÃso calcite stalagmite, and age models.
a, Image of a ParaÃso sample. The ParaÃso calcite stalagmites typically have a high uranium concentration (up to 40 p.p.m.) but a low thorium concentration (<1 parts per billion, p.p.b.), almost ideal for uranium/thorium-based age determination. b, Age models for samples PAR01, PAR03, PAR06, PAR07, PAR08, PAR16 and PAR24. The chronology of the samples is established by linear interpolation between successive uranium/thorium dates. Dates are shown in black dots. Age uncertainties (2Ïƒ) are also included (most of the error bars are smaller than the symbols).


Extended Data Figure 4 Scatterplots of oxygen and carbon isotope ratios for the ParaÃso stalagmites.
a, Relationship between the Î´18O and Î´13C data for Holocene ParaÃso stalagmites. b, As in a, but for glacial ParaÃso samples.


Extended Data Figure 5 Estimation of monthly water balance in the region.
a, Monthly averaged precipitation (solid dots and triangles) and actual evapotranspiration (AET, open dots and triangles) over BelÃ©m and Manaus. We used the water-balance model44 as implemented in the US Geological Survey (USGS) Thornthwaite model45 to calculate monthly AET. b, As in a, but for LGM conditions. We assume that the cave temperature was ~21â€‰Â°C during the LGM. Rainfall in the region was ~60% of todayâ€™s in each month, as calculated in Extended Data Table 1. The LGM and present-day patterns are essentially the same.


Extended Data Figure 6 Comparisons of the ParaÃso record with local insolation curves.
The cave Î´18O record spans about 46,000 years, long enough to cover two precessional cycles. However, no obvious correlation can be observed between the cave record with local insolation in the months of January (blue), April (cyan), July (dark blue) and October (dark cyan). Insolation data are from ref. 50.


Extended Data Figure 7 Comparisons of the ParaÃso Î´18O record with atmospheric concentrations of greenhouse gases.
Changes in atmospheric CO2 (blue) and CH4 (dark blue) concentrations are recorded in Antarctic ice cores51,52.


Extended Data Figure 8 Comparisons of the ParaÃso cave record and ice-core records.
a, The ParaÃso Î´18O record is compared with ice-core records from Greenland53 (dark blue; North Greenland Ice Core Project (NGRIP)) and from Antarctica54 (blue; EPICA Dronning Maud Land (EDML) Ice Core) during the time interval from 25â€‰kyr bp to 45â€‰kyr bp. The NGRIP ice-core data are plotted in the Antarctic ice-core chronology 2012 (AICC12) timescale55, which is identical to the annual-layer-counted Greenland ice-core chronology 2005 (GICC05) timescale56 for the studied time interval. The EDML ice-core data are plotted in the AICC12 age scale55. D/O events are marked on the NGRIP record. The strong correlations between the ParaÃso record and the ice-core records confirm the existence of rapid airâ€“sea interactions between the high latitudes and the tropics on millennial timescales57,58, probably through the so-called bipolar seesaw mechanism59. b, As in a, but the ParaÃso record is compared with ice-core records from Greenland53 (dark blue; NGRIP) and from Antarctica25 (blue; West Antarctic Ice Sheet Divide Ice Core (WDC)). The NGRIP and WDC data are plotted in the West Antarctic Ice Sheet Divide (WD) 2014 timescale25. The slightly enhanced correlations between the ParaÃso record and the ice-core records, albeit visually, support the chronological method adopted in ref. 60. VSMOW, Vienna standard mean ocean water.


Extended Data Figure 9 ParaÃso Î´13C record.
Contrary to the stalagmite Î´18O record, the ParaÃso Î´13C record does not show an obvious shift from the last glacial period to the Holocene. In fact, the Î´13C value reaches as low as about âˆ’10â€° during the LGM, similar to the observed minimum value in the Holocene. This suggests that the type of vegetation in the region has not undergone dramatic changes, remaining dominated by C3 plants37,61. The rainforest in the eastern Amazon might have become an open forest when the precipitation decreased substantially during the LGM. However, it was not replaced by savanna or grasslandâ€”that is, it has not become dominated by C4 plants. The Î´13C spikes were probably caused by individual airâ€“waterâ€“rock interactions during calcite precipitation.


Extended Data Table 1 Calculations of water vapour loss over the eastern AmazonFull size table
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