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  Abstract
  Based on proxy records from western Black Sea cores, we provide a comprehensive study of climate change during the last glacial maximum and late-glacial period in the Black Sea region. For the first time we present a record of relative changes in precipitation for NW Anatolia based on variations in the terrigenous supply expressed as detrital carbonate concentration. The good correspondence between reconstructed rainfall intensity in NW Anatolia and past western Mediterranean sea surface temperatures (SSTs) implies that during the glacial period the precipitation variability was controlled, like today, by Mediterranean cyclonic disturbances. Periods of reduced precipitation correlate well with low SSTs in the Mediterranean related to Heinrich events H1 and H2. Stable oxygen isotopes and lithological and mineralogical data point to a significant modification in the dominant freshwater/sediment source concomitant to the meltwater inflow after 16.4 cal ka BP. This change implies intensification of the northern sediment source and with other records from the Mediterranean region, consistently suggests a reorganization of the atmospheric circulation pattern affecting the hydrology of the European continent. The early deglacial northward retreat of both atmospheric and oceanic polar fronts was responsible for the warming in the Mediterranean region, leading simultaneously to more humid conditions in central and northern Europe.


 


   
  Keywords
 Black SeaMediterraneanPaleoclimatePrecipitationTerrigenous inputHeinrich events
 

  
	
Type

	Articles


 	
Information

	Quaternary Research
  
,
Volume 71
  
,
Issue 3
  , May 2009  , pp. 375 - 384 
 DOI: https://doi.org/10.1016/j.yqres.2008.12.004
 [Opens in a new window]
 
  


   	
Copyright

	
University of Washington




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
  
 

 Algan, O., Gazioglu, C., Cagatay, M.N., Yücel, Z.Y., and Gonencgil, B.
Sediment and water influxes into the Black Sea by Anatolian rivers. Z. Geomorph. N. F.
43, (1999). 61–67.Google Scholar


 
 

 Allen, J.R.M., Brandt, U., Brauer, A., Hubberten, H.-W., Huntley, B., Keller, J., Kraml, M., Mackensen, A., Mingram, J., Negendank, J.F.W., Nowaczyk, N.R., Oberhansli, H., Watts, W.A., Wulf, S., and Zolitschka, B.
Rapid environmental changes in southern Europe during the last glacial period. Nature
400, (1999). 740–743.Google Scholar


 
 

 Atanassova, J.
Palaeoecological setting of the western Black Sea area during the last 15000 years. The Holocene
15, 4 (2005). 576–584.Google Scholar


 
 

 Bahr, A., Lamy, F., Arz, H., Kuhlmann, H., and Wefer, G.
Late glacial to Holocene climate and sedimentation history in the NW Black Sea. Mar. Geol.
214, (2005). 309–322.Google Scholar


 
 

 Bahr, A., Arz, H.W., Lamy, F., and Wefer, G.
Late glacial to Holocene paleoenvironmental evolution of the Black Sea, reconstructed with stable oxygen isotope records obtained on ostracod shells. Earth Planet. Sci. Lett.
241, (2006). 863–875.CrossRefGoogle Scholar


 
 

 Bahr, A., Arz, H.W., Lamy, F., Major, C., Kwiecien, O., and Wefer, G.
Abrupt changes of temperature and water chemistry in the late Pleistocene and early Holocene Black Sea. G-cubed
9, (2008). http://dx.doi.org/10.1029/2007GC001683
Google Scholar


 
 

 Bar-Matthews, M., Ayalon, A., and Kaufman, A.
Late Quaternary paleoclimate in the Eastern Mediterranean Region from stable isotope analysis of speleothems at Soreq Cave, Israel. Quat. Res.
47, (1997). 155–168.Google Scholar


 
 

 Bard, E., Rostek, F., Turon, J.-L., and Gendreau, S.
Hydrological impact of Heinrich events in the subtropical Northeast Atlantic. Science
289, (2000). 1321–1324.Google Scholar


 
 

 Bartov, Y., Goldstein, S.L., Stein, M., and Enzel, Y.
Catastrophic arid episodes in the Eastern Mediterranean linked with the North Atlantic Heinrich events. Geology
31, (2003). 439–442.2.0.CO;2>CrossRefGoogle Scholar


 
 

 Bond, G., Broecker, W.S., Johnsen, S.J., McManus, J., Labeyrie, L., Jouzel, J., and Bonani, G.
Correlations between climate records from North Atlantic sediments and Greenland ice. Nature
365, (1993). 143–147.Google Scholar


 
 

 Cacho, I., Grimalt, J.O., Pelejero, C., Canals, M., Sierro, F.J., Flores, J.A., and Shackleton, N.
Daansgard-Oeschger and Heinrich event imprints in Alboran Sea paleotemperatures. Paleoceanography
14, (1999). 689–705.Google Scholar


 
 

 Cacho, I., Grimalt, J.O., Sierro, F.J., Shackleton, N., and Canals, M.
Evidence for enhanced Mediterranean thermohaline circulation during rapid climatic coolings. Earth Planet. Sci. Lett.
183, (2000). 417–429.Google Scholar


 
 

 Cacho, I., Grimalt, J.O., Canals, M., Sbaffi, L., Shackleton, N.J., Schönfeld, J., and Zahn, R.
Variability of the western Mediterranean Sea surface temperature during the last 25 000 and its connection the Northern Hemisphere climatic changes. Paleoceanography
16, (2001). 40–52.Google Scholar


 
 

 Cacho, I., Shackleton, N., Elderfield, H., Sierro, F.J., and Grimalt, J.O.
Glacial rapid variability in deep-water temperature and d18O from the Western Mediterranean Sea. Quat. Sci. Rev.
25, (2006). 3294–3311.CrossRefGoogle Scholar


 
 

 Chapman, M.R., and Maslin, M.A.
Low-latitude forcing of meridional temperature and salinity gradients in the subpolar North Atlantic and the growth of glacial ice sheets. Geology
27, (1999). 875–878.Google Scholar


 
 

 Ciner, A.
Turkish glaciers and glacial deposits. Ehlers, J., and Gibbard, P.L.
Quaternary Glaciations; Extentand Chronology, Part I: Europe. (2004). Elsevier Publishers, Amsterdam. 419–429.Google Scholar


 
 

 Combourieu Nebout, N., Turon, J.L., Zahn, R., Capotondi, L., Londeix, L., and Pahnke, K.
Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky. Geology
30, (2002). 863–866.Google Scholar


 
 

 Demidov, I.N., Houmark-Nielsen, M., Kjaer, K.H., and Larsen, E.
The last Scandinavian ice sheet in northwestern Russia: ice flow patterns and decay dynamics. Boreas
35, (2006). 425–443.Google Scholar


 
 

 Ehrmann, W., Schmiedl, G., Hamann, Y., Kuhnt, T., Hemleben, C., and Siebel, W.
Clay minerals in late glacial and Holocene sediments of the northern and southern Aegean Sea. Palaeogeogr., Palaeoclimatol., Palaeoecol.
249, (2007). 36–57.Google Scholar


 
 

 EIE, State General Directory of Electrical Research Works
Sediment data and sediment transport amount for surface waters in Turkey. (1993). EIE, Ankara, Turkey.Google Scholar


 
 

 Florineth, D., and Schluchter, C.
Alpine evidence for atmospheric circulation patterns in Europe during the last glacial maximum. Quat. Res.
54, (2000). 295–308.Google Scholar


 
 

 Fontugne, M., Kuzucuoglu, C., Karabiyikoglu, M., Hatte, C., and Pastre, J.-F.
From Pleniglacial to Holocene: a 14C chronostratigraphy of environmental changes in the Konya Plain, Turkey. Quat. Sci. Rev.
18, (1999). 573–591.Google Scholar


 
 

 Geological Research Department of the General Directorate of Mineral Research and Exploration, (2002). Geological Map of Turkey.Google Scholar


 
 

 Grootes, P., Stuvier, M., White, J.W.C., Johnsen, S.J., and Jouzel, J.
Comparison of oxygen isotope records from the GISP2 and GRIP Greeenland ice cores. Nature
366, (1993). 552–554.CrossRefGoogle Scholar


 
 

 Harrison, S.P., Yu, G., and Tarasov, P.E.
Late Quaternary lake-level record from Northern Eurasia. Quat. Res.
45, (1996). 138–159.CrossRefGoogle Scholar


 
 

 Jansen, J.H.F., Van der Gaast, S.J., Koster, B., and Vaars, A.J.
CORTEX, a shipboard XRF-scanner for element analyses in split sediment cores. Mar. Geol.
151, (1998). 143–153.CrossRefGoogle Scholar


 
 

 Jones, M.D., Roberts, C.N., and Leng, M.J.
Quantifying climatic change through the last glacial-interglacial transition based on lake isotope palaeohydrology from central Turkey. Quat. Res.
67, (2007). 463–473.CrossRefGoogle Scholar


 
 

 Kalicki, T., and Sanko, A.F.
Palaeohydrological changes in the Upper Dneper Valley, Belarus, during the last 20,000 years. Benito, G.
et al.
Palaeohydrology and Environmental Change. (1998). Wiley, Chichester, England. 125–135.Google Scholar


 
 

 Konikov, E., Likhodedova, O., and Pedan, G.
Paleogeographic reconstruction of sea-level change and coastline migration on the northwestern Black Sea shelf over the past 18 kyr. Quat. Int.
167–168, (2007). 49–60.CrossRefGoogle Scholar


 
 

 Kostopoulou, E., and Jones, P.D.
Comprehensive analysis of the climate variability in the eastern Mediterranean. Part II: relationships between atmospheric circulation patterns and surface climatic elements. Int. J. Climatol.
27, (2007). 1351–1371.Google Scholar


 
 

 Kroonenberg, S.B., Rusakov, G.V., and Svitoch, A.A.
The wandering of the Volga delta: a response to rapid Caspian sea-level change. Sediment. Geol.
107, (1997). 189–209.Google Scholar


 
 

 Kwiecien, O., Arz, H.W., Lamy, F., Wulf, S., Bahr, A., Röhl, U., and Haug, G.H.
Estimated reservoir ages of the Black Sea since the last glacial. Radiocarbon
50, (2008). 99–118.CrossRefGoogle Scholar


 
 

 Lamy, F., Arz, H.W., Bond, G., Bahr, A., and Patzold, J.
Multicentennial-scale hydrological changes in the Black Sea and northern Red Sea during the Holocene and the Arctic/North Atlantic Oscillation. Paleoceanography
21, (2006). http://dx.doi.org/10.1029/2005PA001184
CrossRefGoogle Scholar


 
 

 Major, C., Ryan, W., Lericolais, G., and Hajdas, I.
Constraints on Black Sea outflow to the Sea of Marmara during the last glacial-interglacial transition. Mar. Geol.
190, (2002). 19–34.Google Scholar


 
 

 Major, C.O., Goldstein, S.L., Ryan, W.B.F., Lericolais, G., Piotrowski, A.M., and Hajdas, I.
The co-evolution of Black Sea level and composition through the last deglaciation and its paleoclimatic significance. Quat. Sci. Rev.
25, (2006). 2031–2047.Google Scholar


 
 

 Mangerud, J., Jakobsson, M., Alexanderson, H., Astakhov, V., Clarke, G.K.C., Henriksen, M., Hjort, C., Krinner, G., Lunkka, J.-P., and Moller, P.
Ice-dammed lakes and rerouting of the drainage of northern Eurasia during the last glaciation. Quat. Sci. Rev.
23, (2004). 1313–1332.Google Scholar


 
 

 Menot, G., Bard, E., Rostek, F., Weijers, J.W.H., Hopmans, E.C., Schouten, S., and Damste, J.S.S.
Early reactivation of European rivers during the last deglaciation. Science
313, (2006). 1623–1625.Google Scholar


 
 

 Mudie, P.J., Rochon, A., Aksu, A.E., and Gillespie, H.
Dinoflagellate cysts, freshwater algae and fungal spores as salinity indicators in Late Quaternary cores from Marmara and Black seas. Mar. Geol.
190, (2002). 203–231.Google Scholar


 
 

 Mudie, P.J., Marret, F., Aksu, A.E., Hiscott, R.N., and Gillespie, H.
Palynological evidence for climatic change, anthropogenic activity and outflow of Black Sea water during the late Pleistocene and Holocene: centennial- to decadal-scale records from the Black and Marmara Seas. Quat. Int.
167–168, (2007). 73–90.CrossRefGoogle Scholar


 
 

 Müller, G., and Stoffers, P.
Mineralogy and petrology of the Black Sea basin sediments. Degens, E.T., and Ross, D.A.
The Black Sea: Geology, Chemistry, and Biology. (1974). AAPG, Tulsa, OK. 200–248.Google Scholar


 
 

 Prasad, S., Vos, H., Negendank, J.F.W., Waldmann, N., Goldstein, S.L., and Stein, M.
Evidence from Lake Lisan of solar influence on decadal- to centennial-scale climate variability during marine oxygen isotope stage 2. Geology
32, (2004). 581–584.Google Scholar


 
 

 Prentice, I.C., Guiot, J., and Harrison, S.P.
Mediterranean vegetation, lake levels and paleoclimate at the last glacial maximum. Nature
360, (1992). 658–660.Google Scholar


 
 

 Renssen, H., and Bogaart, P.
Atmospheric variability over the ∼ 14.7 kyr BP stadial-interstadial transition in the North Atlantic region as simulated by an AGCM. Clim. Dyn.
20, (2003). 301–313.CrossRefGoogle Scholar


 
 

 Reimer, P.J., Baillie, M.G.L., Bard, E., Bayliss, A., Beck, J.W., Bertrand, C.J.H., Blackwell, P.G., Buck, C.E., Burr, G.S., Cutler, K.B., Damon, P.E., Edwards, R.L., Fairbanks, R.G., Friedrich, M., Guilderson, T.P., Hogg, A.G., Hughen, K.A., Kromer, B., McCormac, G., Manning, S., Ramsey, C.B., Reimer, R.W., Remmele, S., Southon, J.R., Stuiver, M., Talamo, S., Taylor, F.W., van der Plicht, J., and Weyhenmeyer, C.E.
IntCal04 terrestrial radiocarbon age calibration, 0–26 cal kyr BP. Radiocarbon
43, (2004). 1029–1085.Google Scholar


 
 

 Rinterknecht, V.R., Clark, P.U., Raisbeck, G.M., Yiou, F., Bitinas, A., Brook, E.J., Marks, L., Zelcs, V., Lunkka, J.-P., Pavlovskaya, I.E., Piotrowski, J.A., and Raukas, A.
The last deglaciation of the Southeastern sector of the Scandinavian ice sheet. Science
311, (2006). 1449–1452.CrossRefGoogle ScholarPubMed


 
 

 Rohling, E.J., Hayes, A., Kroon, D., De Rijk, S., Zachariasse, W.J., and Eisma, D.
Abrupt cold spells in the NW Mediterranean. Paleoceanography
13, (1998). 316–322.CrossRefGoogle Scholar


 
 

 Ryan, W., Major, C., Lericolais, G., and Goldstein, S.L.
Catastrophic flooding of the Black Sea. Ann. Rev. Earth Planet. Sci.
31, (2003). 525–554.Google Scholar


 
 

 Sánchez Goñi, M.F., Turon, J.-L., Eynaud, F., and Gendreau, S.
European climatic response to millennial-scale changes in the atmosphere–ocean system during the last glacial period. Quat. Res.
54, (2000). 394–403.Google Scholar


 
 

 Sánchez Goñi, M.F., Cacho, I., Turon, J.L., Guiot, J., Sierro, F.J., Peypouquet, J.P., Grimalt, J.O., and Shackleton, N.J.
Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region. Clim. Dyn.
19, (2002). 95–105.Google Scholar


 
 

 Schrader, H.J.
Quaternary paleoclimatology of the Black Sea basin. Sediment. Geol.
23, (1979). 165–180.Google Scholar


 
 

 Sierro, F.J., Hodell, D.A., Curtis, H.J., Flores, J.A., Reguera, I., Colmenero-Hidalgo, E., Barcena, M.A., Grimalt, J.O., Cacho, I., Frigola, J., and Canals, M.
Impact of iceberg melting on Mediterranean thermohaline circulation during Heinrich events. Paleoceanography
20, (2005). http://dx.doi.org/10.1029/2004PA001051
Google Scholar


 
 

 Stuiver, M., Reimer, P.J., and Reimer, R.W., (2005). Calib 5.0. (www pragram and documentation). URL: http://calib.qub.ac.uk/calib/.Google Scholar


 
 

 Svendsen, J.I., Alexanderson, H., Astakhov, V.I., Demidov, I., Dowdeswell, J.A., Funder, S., Gataullin, V., Henriksen, M., Hjort, C., and Houmark-Nielsen, M.
Late Quaternary ice sheet history of northern Eurasia. Quat. Sci. Rev.
23, (2004). 1229–1271.Google Scholar


 
 

 Tjallingii, R., Röhl, U., Kölling, M., and Bickert, T.
Influence of the water content on X-ray fluorescence corescanning measurements in soft marine sediments. Geochem. Geophys. Geosystems
8, (2007). http://dx.doi.org/10.1029/2006GC001393
CrossRefGoogle Scholar


 
 

 Touchan, R., Akkemik, U., Hughes, M.K., and Erkan, N.
May–June precipitation reconstruction of southwestern Anatolia, Turkey during the last 900 years from tree rings. Quat. Res.
68, (2007). 196–202.Google Scholar


 
 

 Türkes, M., and Erlat, E.
Climatological responses of winter precipitation in Turkey to variability of the North Atlantic Oscillation during the period 1930–2001. Theor. Appl. Climatol.
81, (2005). 45–69.Google Scholar


 
 

 Vescovi, E., Ravazzi, C., Arpenti, E., Finsinger, W., Pini, R., Valsecchi, V., Wick, L., Ammann, B., and Tinner, W.
Interactions between climate and vegetation during the Lateglacial period as recorded by lake and mire sediment archives in Northern Italy and Southern Switzerland. Quat. Sci. Rev.
26, (2007). 1650–1669.Google Scholar


 
 

 von Grafenstein, U., Erlernkeuser, H., and Trimborn, P.
Oxygen and carbon isotopes in modern fresh-water ostracod valves: assessing vital offsets and autecological effects of interest for palaeoclimate studies. Palaeogeogr., Palaeoclimatol., Palaeoecol.
148, (1999). 133–152.Google Scholar


 
 

 Wigley, T.M.L., and Farmer, G.
Climate of the Eastern Mediterranean and the Near East. Bintliff, J.L.
et al.
Paleoclimates, Paleoenvironments and Human Communities in the Eastern Mediterranean Region in Later Prehistory. (1982). 3–37.Google Scholar




 

           



 
  	67
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
67




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Coolen, Marco J.L.
Saenz, James P.
Giosan, Liviu
Trowbridge, Nan Y.
Dimitrov, Petko
Dimitrov, Dimitar
and
Eglinton, Timothy I.
2009.
DNA and lipid molecular stratigraphic records of haptophyte succession in the Black Sea during the Holocene.
Earth and Planetary Science Letters,
Vol. 284,
Issue. 3-4,
p.
610.


	CrossRef
	Google Scholar






Sarıkaya, Mehmet Akif
Zreda, Marek
and
Çiner, Attila
2009.
Glaciations and paleoclimate of Mount Erciyes, central Turkey, since the Last Glacial Maximum, inferred from 36Cl cosmogenic dating and glacier modeling.
Quaternary Science Reviews,
Vol. 28,
Issue. 23-24,
p.
2326.


	CrossRef
	Google Scholar






Bartol, J.
and
Govers, R.
2009.
Flexure due to the Messinian‐Pontian sea level drop in the Black Sea.
Geochemistry, Geophysics, Geosystems,
Vol. 10,
Issue. 10,


	CrossRef
	Google Scholar






Soulet, G.
Delaygue, G.
Vallet-Coulomb, C.
Böttcher, M.E.
Sonzogni, C.
Lericolais, G.
and
Bard, E.
2010.
Glacial hydrologic conditions in the Black Sea reconstructed using geochemical pore water profiles.
Earth and Planetary Science Letters,
Vol. 296,
Issue. 1-2,
p.
57.


	CrossRef
	Google Scholar






von Suchodoletz, H.
Oberhänsli, H.
Faust, D.
Fuchs, M.
Blanchet, C.
Goldhammer, T.
and
Zöller, L.
2010.
The evolution of Saharan dust input on Lanzarote (Canary Islands) — influenced by human activity in the Northwest Sahara during the early Holocene?.
The Holocene,
Vol. 20,
Issue. 2,
p.
169.


	CrossRef
	Google Scholar






Golledge, Nicholas
Hubbard, Alun
and
Bradwell, Tom
2010.
Influence of seasonality on glacier mass balance, and implications for palaeoclimate reconstructions.
Climate Dynamics,
Vol. 35,
Issue. 5,
p.
757.


	CrossRef
	Google Scholar






Schmiedl, Gerhard
Kuhnt, Tanja
Ehrmann, Werner
Emeis, Kay-Christian
Hamann, Yvonne
Kotthoff, Ulrich
Dulski, Peter
and
Pross, Jörg
2010.
Climatic forcing of eastern Mediterranean deep-water formation and benthic ecosystems during the past 22 000 years.
Quaternary Science Reviews,
Vol. 29,
Issue. 23-24,
p.
3006.


	CrossRef
	Google Scholar






Lericolais, G.
Guichard, F.
Morigi, C.
Minereau, A.
Popescu, I.
and
Radan, S.
2010.
A post Younger Dryas Black Sea regression identified from sequence stratigraphy correlated to core analysis and dating.
Quaternary International,
Vol. 225,
Issue. 2,
p.
199.


	CrossRef
	Google Scholar






Soulet, Guillaume
Ménot, Guillemette
Garreta, Vincent
Rostek, Frauke
Zaragosi, Sébastien
Lericolais, Gilles
and
Bard, Edouard
2011.
Black Sea “Lake” reservoir age evolution since the Last Glacial — Hydrologic and climatic implications.
Earth and Planetary Science Letters,
Vol. 308,
Issue. 1-2,
p.
245.


	CrossRef
	Google Scholar






Breitenbach, Sebastian F. M.
and
Bernasconi, Stefano M.
2011.
Carbon and oxygen isotope analysis of small carbonate samples (20 to 100 µg) with a GasBench II preparation device.
Rapid Communications in Mass Spectrometry,
Vol. 25,
Issue. 13,
p.
1910.


	CrossRef
	Google Scholar






Doğan, Uğur
2011.
Climate-controlled river terrace formation in the Kızılırmak Valley, Cappadocia section, Turkey: Inferred from Ar–Ar dating of Quaternary basalts and terraces stratigraphy.
Geomorphology,
Vol. 126,
Issue. 1-2,
p.
66.


	CrossRef
	Google Scholar






Piper, D.Z.
and
Calvert, S.E.
2011.
Holocene and late glacial palaeoceanography and palaeolimnology of the Black Sea: Changing sediment provenance and basin hydrography over the past 20,000years.
Geochimica et Cosmochimica Acta,
Vol. 75,
Issue. 19,
p.
5597.


	CrossRef
	Google Scholar






Roeser, Patricia Angelika
Franz, Sven Oliver
Litt, Thomas
Ülgen, Umut Barış
Hilgers, Alexandra
Wulf, Sabine
Wennrich, Volker
Akçer Ön, Sena
Viehberg, Finn A.
Çağatay, M. Namık
and
Melles, Martin
2012.
Lithostratigraphic and geochronological framework for the paleoenvironmental reconstruction of the last ∼36 ka cal BP from a sediment record from Lake Iznik (NW Turkey).
Quaternary International,
Vol. 274,
Issue. ,
p.
73.


	CrossRef
	Google Scholar






Maddy, Darrel
Demir, Tuncer
Veldkamp, Antonie
Bridgland, David R.
Stemerdink, Chris
Van Der schriek, Tim
and
Schreve, Danielle
2012.
The obliquity-controlled early Pleistocene terrace sequence of the Gediz River, western Turkey: a revised correlation and chronology.
Journal of the Geological Society,
Vol. 169,
Issue. 1,
p.
67.


	CrossRef
	Google Scholar






Fouache, Eric
Kelterbaum, Daniel
Brückner, Helmut
Lericolais, Gilles
Porotov, Alexey
and
Dikarev, Vassily
2012.
The Late Holocene evolution of the Black Sea – a critical view on the so-called Phanagorian regression.
Quaternary International,
Vol. 266,
Issue. ,
p.
162.


	CrossRef
	Google Scholar






Ménot, Guillemette
and
Bard, Edouard
2012.
A precise search for drastic temperature shifts of the past 40,000 years in southeastern Europe.
Paleoceanography,
Vol. 27,
Issue. 2,


	CrossRef
	Google Scholar






Fulton, James M.
Arthur, Michael A.
and
Freeman, Katherine H.
2012.
Subboreal aridity and scytonemin in the Holocene Black Sea.
Organic Geochemistry,
Vol. 49,
Issue. ,
p.
47.


	CrossRef
	Google Scholar






Shumilovskikh, Lyudmila S.
Tarasov, Pavel
Arz, Helge W.
Fleitmann, Dominik
Marret, Fabienne
Nowaczyk, Norbert
Plessen, Birgit
Schlütz, Frank
and
Behling, Hermann
2012.
Vegetation and environmental dynamics in the southern Black Sea region since 18kyr BP derived from the marine core 22-GC3.
Palaeogeography, Palaeoclimatology, Palaeoecology,
Vol. 337-338,
Issue. ,
p.
177.


	CrossRef
	Google Scholar






Drake, Brandon L.
2012.
The influence of climatic change on the Late Bronze Age Collapse and the Greek Dark Ages.
Journal of Archaeological Science,
Vol. 39,
Issue. 6,
p.
1862.


	CrossRef
	Google Scholar






Şenkul, Çetin
and
Doğan, Uğur
2013.
Vegetation and climate of Anatolia and adjacent regions during the Last Glacial period.
Quaternary International,
Vol. 302,
Issue. ,
p.
110.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








North Atlantic control on precipitation pattern in the eastern Mediterranean/Black Sea region during the last glacial








	Volume 71, Issue 3
	
Olga Kwiecien (a1) (a2), Helge W. Arz (a1), Frank Lamy (a3), Birgit Plessen (a1), André Bahr (a4) and Gerald H. Haug (a2) (a5)

	DOI: https://doi.org/10.1016/j.yqres.2008.12.004





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





North Atlantic control on precipitation pattern in the eastern Mediterranean/Black Sea region during the last glacial








	Volume 71, Issue 3
	
Olga Kwiecien (a1) (a2), Helge W. Arz (a1), Frank Lamy (a3), Birgit Plessen (a1), André Bahr (a4) and Gerald H. Haug (a2) (a5)

	DOI: https://doi.org/10.1016/j.yqres.2008.12.004





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





North Atlantic control on precipitation pattern in the eastern Mediterranean/Black Sea region during the last glacial








	Volume 71, Issue 3
	
Olga Kwiecien (a1) (a2), Helge W. Arz (a1), Frank Lamy (a3), Birgit Plessen (a1), André Bahr (a4) and Gerald H. Haug (a2) (a5)

	DOI: https://doi.org/10.1016/j.yqres.2008.12.004





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















