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Southernmost alpine mountain range in Europe 

Very interesting location with respect to biogeography and Paleoclimatology 

Sierra Nevada 



Sierra Nevada 

High elevation (Mulhacén: 3478 m) 

Glacial Geomorphology 

Glacial Lakes 



Sierra Nevada 

More than 50 small lakes of glacial origin between 2800-3100 m,  

many of them are permanent  



Sediments bear fossil remains and other 

organic/inorganic elements that are 

going to give us information about 

processes occurring in and around the 

basin 

Pollen grains 

Vegetation changes 

Sierra Nevada 



In the Mediterranean area: 

-Warm and wet climates = More forest (i.e., Quercus) 

 

 

 

 

 

 

 

 

 

 

 
Tenaghi Philippon: Tzedakis et al., 2006 

Cold and dry conditions: steppe taxa  



Jiménez-Moreno et al., 2013 



Treeline: ca. 2500 m 



Sierra Nevada 

warm  cold 

Pinus, Quercus 

Artemisia, Poaceae 

Lakes in Sierra Nevada are close to (above) treeline. 

Pollen studies in these lakes are going to record “movements” of forest  

species to higher elevations (warm period) or to lower elevations (cold 

period) and thus are very sensitive to climate (treeline elevation change).  



LM: Laguna y Borreguiles de la Mula; BV: Borreguiles de los Tajos de la Virgen; BSJ: Borreguiles de San Juan; 

LRS: Laguna de Río Seco; BLR: Borreguiles de los Lavaderos de la Reina 

Sites studied in Sierra Nevada 



Laguna de Río Seco (3020 m) 
Maximum depth: 1.7 to 3 m 



Laguna de Río Seco 

Coring 



Laguna de Río Seco core 

Bedrock 
Anderson et al., 2011 



Age model Laguna de Río Seco 

YD 

Laboratory	 Code	 Core	 Depth	 (cm)	 14C	age	(yr	BP)	 SD	 (±)	 Calibrated	Age	
(cal	yr	BP)*	or	yr	

AD	
	 	 	 	 	 	

	 06-02	 5.0	 137Cs	 	 1963	AD	
	 06-02	 15.0	 210Pb	 	 1891	AD	

UCIAMS	51255	 06-01	 20.0	 1520	 15	 1398	
UCIAMS	63003	 06-01	 26.5-27.0	 2255	 20	 2234	
UCIAMS	51256	 06-01	 40.0	 3060	 15	 3295	
UCIAMS	63004	 06-01	 46.0	 3525	 20	 3786	
UCIAMS	51257	 06-01	 60.0	 4010	 15	 4480	
UCIAMS	51258	 06-01	 80.0	 5450	 30	 6246	
UCIAMS	63005	 06-01	 83.0-83.5	 5505	 20	 6298	
UCIAMS	63006	 06-01	 109.5	 6550	 20	 7453	
UCIAMS	32495	 06-01	 123.0-124.0	 8570	 60	 9540	

 

Anderson et al., 2011 

Continuous Holocene record 



Pollen results Río Seco 

Anderson et al., 2011 QSR. 

11.2-10.6 ka (zone 1)-Steppe - cold and dry;  
 
10.6-7.8 ka (zone 2a)-Increase in Pinus, deciduous forest and aquatics - warm and wet; 
  
7.8-5.8 ka (zone 2b) Pinus maximum but decrease in deciduous trees - warm but drier; 
  
5.8-0.2 ka (zones 3-4)-significant decrease in Pinus, increase in Artemisia - drier;  
 
0.2-0 (zone 5)-increase in Olea and Pinus - human impact.   
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Laguna de Rio Seco, Sierra Nevada, Spain (top core 08-01) 

Trees and Shrubs 

1950 AD 

1900 AD 

1850 AD 

1800 AD 

2008 AD 

1963 AD 

Anthropogenic Signals (Anderson et al., unpub.) 



Coring Borreguiles de los Tajos de la Virgen 
Elevation: 2945 m 

Surface area: < 1 ha 

Core length = 1.69 m 



Borreguiles de los Tajos de la Virgen 

Lithology - sedimentology 

Continuous record of the last ca. 8.2 ka 

Jiménez-Moreno & Anderson, 2012 



Pollen record Borreguiles de los Tajos de la Virgen 

Jiménez-Moreno & Anderson, 2012  



Pollen record Borreguiles de los Tajos de la Virgen 

Last 250 yrs - increase in Olea, Pinus.   

8.2-7.0 ka Very abundant Pinus &Pediastrum - warm-wet climate 

7.0-4.5 ka decrease in Pinus & Pediastrum, increase Poaceae - colder-drier climate  

4.5 ka-250 yrs: decrease in Pinus, increase Artemisia, Amaranthaceae - arid climate 

Jiménez-Moreno & Anderson, 2012  



Comparison SN and other paleoclimate records Mediterranean 

Vegetation in SN  

responded to global  

changes in temperature  

(insolation) 

and precipitation. 

Warmest and wettest  

Period in SN corresponds 

in age with African Humid  

Period.  

Progressive aridification  

is punctuated by  

periodically enhanced  

drought at ca. 6.5, 5.2 and  

4 ka that coincide in  

timing and duration with  

well-known dry events in  

the Mediterranean and  

other areas. 

Jiménez-Moreno & Anderson, 2012  



Laguna de la Mula (2497 m) 

Elevation:  2497 m 

Lake surface diameter:  45 m 

Drainage basin:  25 ha 

Maximum depth:  57 cm 

Core length = 33 cm 



Jiménez-Moreno et al., 2013 



Jiménez-Moreno et al., 2013 



Jiménez-Moreno et al., 2013 

Arid period 3.8-3.1 ka 

Humid period 3.1-1.8 ka 

Arid period 1.8-0.6 ka 

Milder conditions (e. Quercus) 3.1-2.5 ka 

Humid conditions (d. Quercus; reduction seasonal contrast)  

2.5-1.8 ka 



Humid maxima: 

Roman Humid 

Period 

Bond et al., 2001 

Magni., 2004 

Martín-Puertas et al., 2010 

Fletcher & Sánchez Goñi, 2008 

Anderson et al., 2010 

Fletcher et al., 2007; Reed et al., 2001; Carrión, 2002; 

Cacho et al., 2002; Combourieu-Nebout et al., 2009 

Jiménez-Moreno et al., 2013 



North Atlantic Oscillation 

http://www.ldeo.columbia.edu/NAO/main.html 

High pressure at middle 

latitudes drives North 

Atlantic storms further 

north, leaving a drier 

Mediterranean 

Weaker High pressure at 

middle latitudes allows 

storms to penetrate south, 

leaving a wetter 

Mediterranean 

Negative Phase Positive Phase 



-Alpine lake and bogs in the Sierra Nevada record vegetation changes 

that correspond to global climate changes. 

 

 

-Vegetation responded rapidly to millennial-scale climate change and 

thus alpine environments in SN are shown to be very sensitive (and 

very fragile!).  

 

 

-Human impact in the SN is very clear in the last centuries through  

cultivation (i.e., Olea) and reforestation (Pinus), fire and the 

introduction of livestock.  

CONCLUSIONS 


