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Over the past 50 years ice core records from polar (Greenland and 
Antarctic)and mountain regions were used to reconstruct the past 
environments for different time scales.   

Greenland and Antarctic provided 800000 years record  

 

Ice cores are unique 
paleoenvironmental achieves  



Dust records in Ice cores 
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“The processes responsible for 
dust uptake and transport were 
not significantly altered from 
glacial to interglacial conditions.  
However, replenishment of dust 
supply, e.g. by glacial outwash, 
higher mean wind speeds, reduced 
precipitation, and vegetation can 
explain a largely increased glacial 
source strength in southern South 
America.  
Together with the larger 
atmospheric residence time 
connected to lower precipitation 
en route, this may explain a large 
part of the 25 times higher dust 
fluxes in Antarctica during 

glacials.” (Lambert et al., 2012) 
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An Andean ice-core record of a Middle Holocene mega-drought in North 
Africa and Asia 
Mary E. DAVIS, Lonnie G. THOMPSON 2006 
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20th Century Dust Lows and the Weakening of the Westerly Winds over the Tibetan 
Plateau (Grigholm et al., 2015) 

Decline in Ca concentrations correspond with regional trends in reduced 
zonal wind strengths.  
Twentieth century declines in zonal wind velocities, and the subsequent 
declines in dust transport over the TP, are likely the result of increased 
temperatures lowering meridional pressure gradients (i.e., weakening the 
SH) over large portions of northern Asia. 
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Due to the combined effect of BC and 
Saharan dust, annual ablation on 
Claridenfirn was increased by  
15–19% on average over 1914–2014 
compared to pure snow conditions. 



Dust sources strength?  

Mahowald et al 2010 Observed 20th century desert dust variability: 
impact on climate and biogeochemistry 
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Motivation 

• Understanding climate change, regional 
environmental patterns, and predicting future 
impacts are currently some of the most 
important scientific challenges. 

• Ice cores from low and mid-latitude high mountain 

glaciers provide a valuable information about past 

atmospheric conditions in areas with long human 

histories. 

• Conditions near the top of Mt. Elbrus suggest 
the possibility of a reasonably long climatic 
record in an ice core not affected by meltwater 
infiltration and relatively high accumulation 
on the western plateau assures high temporal 
resolution of the ice-core data. 



The Caucasus Mountains located between the Black and 
the Caspian Seas in proximity to the arid regions.  

Region is affected by desert dust deposition but has not 
been studied in this respect 



  
182 m ice core was drilled in 2009. 
 
This is the first ice core from this region, 
representing practically un-disturbed by seasonal 
melting paleoclimate record, with the possibility to 
analyze the intra-seasonal climate proxies 
variability with high temporal resolution. 
 
(Mikhalenko et al., 2015)  

The Mt. Elbrus, the highest summit of the 
Caucasus (5642 m asl) 
 
The Western Plateau of Mt. Elbrus is located at 
the western slope of Elbrus at 5115 m. The 
plateau restricted on south and south-east by 
two lava ridges, and by vertical wall of Mt. 
Elbrus on the east. 



ELBRUS Ice core records 
 

Kutuzov et al., 2013 Shahgedanova et al. 2013 



Dust transport from the Middle East is controlled by the 

development of low pressure systems over the Middle East-

Turkey-Black Sea region and high pressure centred over or 

extending towards the Caspian Sea enabling the development of 

southerly or south-easterly flow towards the Caucasus. 

Remote sensing: SEVIRI; MODIS Deep Blue and SEVIRI AOD; 

CALIOP, reanalysis, trajectory models: HYSPLIT,ADC 
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Dust transport from Sahara was 

associated with deep depressions 

and strong air flow and resulted in 

high dust loads 

5th International workshop on sand and dust storms 
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Dust transport from Sahara 



Dust sources 

Saharan sources: extensive natural sources 
endorheic water systems (wadis opening to alluvial 
fans or chotts. 

Eastern and Central Algeria, the Djebel Akhdar in 

Libya and Tunisia 

 

 

 

Middle East sources multiple small-scale sources 

both natural (dry river beds and lakes) and 

anthropogenic, predominantly agricultural sources.  

Northern Mesopotamia and the Syrian Desert 
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DUST flux 

The 2007-2013 average dust flux at 

Elbrus was 252 μg cm-2 a-1.Dust flux at 

Kazbek followed the same pattern but 

was 6 times higher.  
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Annual dust fluxes were calculated for 6 years using 
accumulation data and average annual Cm. The 2007-2013 

average dust flux was 252 μg cm-2 a-1.  
 

The highest dust fluxes of 437 and 324 μg cm-2 a-1 were 
observed in 2009 and 2008 respectively.  



Mineralogy 
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Annual layers were differentiated on the basis of seasonal oscillations of NH4 , succinic acid, and δ18O. 
Annual layer counting was confirmed by the well-known reference horizons of the AD1963 nuclear tests and 
the AD1912 Katmai volcanic eruption.   
Ice flow models show that the basal ice age at the maximum glacier depth of 255m is more than 600 years BP 

Mikhalenko et al., 2015 

Ice core dating  



0 

2.000 

4.000 

6.000 

8.000 

10.000 

12.000 

0 20 40 60 80 100 120 140 

Ca2+ (ppb) 

0 

200 

400 

600 

800 

1000 

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020 



0 

400 

800 

1200 

1600 

2000 

0 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Terra SeaWiFS 

Aqua icecore 

Klingmuller et al., 2016 

AOD 
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ELBRUS vs scPDSI from OWDA  
(Cook et al., 2016) 

2002 

1972 

1999 

2000 

“For the Levant we estimate that 1998–2012 in the OWDA is likely 89% likelihood) the driest 15 year period in the region since the twelfth century, with even greater 
confidence (98% likelihood) that it is the driest back to 1500 C.E.” (Cook et al., 2016) 



A significantly negative correlation is found 

between Syrian DOD and the PDO in springtime 
during 2003–2015, suggesting that the PDO 
index explains about 81% variances of Syrian 
DOD in spring in the recent decade. 

The positive phase of the PDO tends to 
increase precipitation over the Arabian 
Peninsula and northeastern Africa. 

A negative PDO thus is associated with wind 
and geopotential height patterns favorable to 
high DOD in Syria and also tends to reduce 
precipitation in the dust source regions such as 

Iraq, Saudi Arabia, and northeastern Africa 

“The influences of the PDO on circulation and precipitation patterns over the Middle East largely persist beyond the 
recent decade, e.g., over 1948–2015, but also show some exceptions. The lack of long-term observations also brings 
uncertainties to the connection between the PDO and Syrian DOD.” 

2016 
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Summary 

 Elbrus ice core is the first ice core to represent environmental changes in 
the Middle East region 

 Frequent dust events affect Caucasus glaciers in Spring-Summer  
 Variations in Ca2+ concentration are related to the drought  
conditions in Syria-Iraq region 
 There is a prominent increase in distant dust concentration in the ice core 

over the past 200 years 
-Mechanisms responsible for dust variations are yet to be understood.  
 
Ongoing work 
• distinction between Sahara and Middle East events 
• more strict separation of  individual dust events, frequency analysis and 

comparison to background concentrations 
• mineralogical analysis  
• comparison to observations and proxy data 
• better understanding of changes in circulation 
• combined analysis of NH4, SO4 and dust 
• longer record 
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