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Late Pleistocene includes

• Previous interglacial – generally warmer than now

• First phase of the Glacial Period

cold (5-10°C colder than now) Early Wisconsin: 73-58 ka ago

• Middle Wisconsin – warmer a bit: 58-31 ka ago

• Late Wisconsin – very cold (the coldest): 31-14 ka ago

global sea level was lower by 120-130 m than now

• A sharp turn to a warmer climate: 15-14 ka ago







The Mammoth Steppe Concept: R. D. Guthrie, 1990



The Mammoth Steppe Concept: R. D. Guthrie, 1990



Bison Bob a big discovery on the North Slope

By Ned Rozell

Photo by Pam Groves 

Dan Mann holds the skull 

of a steppe bison that 

died on Alaska’s North 

Slope more than 40,000 

years ago. 

mailto:nrozell@gi.alaska.edu


Ice Wedges
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Photo by M. Grigoriev
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Abrupt Permafrost Thaw
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Grosse et al., 2007 (Geomorphology)



Olenek Channel, Lena Delta Kolyma Lowland

Thermokarst and C-Cycle
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Walter et al, 2007 (Science)

Early Holocene 

thermokarst lake 

flare-up in ice-rich 

Yedoma was a 

considerable 

northern methane 

source (33-87% of 

Early Holocene high 

latitude methane 

increase).

Thermokarst Lakes as a Source of Atmospheric CH4 During the Last Deglaciation
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CO2 and CH4 in ice cores from Greenland and Antarctica
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Late-Holocene Permafrost History

1. Air temperatures were cooling down 

2. New “Holocene” permafrost was formed and southern 

boundary of permafrost moved far south

3. New ice wedges started to grow in cold enough places

4. Vegetation zones moved back south
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Photograph by T. Jorgenson

T. Jorgenson et al., 2001:

“Permafrost aggradation 

and the change from fens

to forests occurred in the

late 1600s.”

“Permafrost degradation began

in the mid-1700s and is associated

with periods with relatively warm

climate during the mid-late 1700s

and 1900s”



Image credit: Noah Diffenbaugh and Marshall Burke, 2018





Biskaborn et al., 2017
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Arctic Ocean
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Distribution of Ice-Rich Yedoma (Ice Complex) 

Deposits in East Siberia

Map based on Romanovskii, 1959

- Thickness of the deposit is between 5-100m

- Present day total coverage is > 1x106 km

- Gravimetric ground ice contents in the sediments between 60-120%

- Including the ice wedges, total volumetric ice content of up to >75%

- Organic carbon content averages between 2-5%

- Accumulation during several 10 000 years

Zimov et al 2006 (Science), Schirrmeister et al., 2008
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IPCC, 2007; Figure SPM6

Projected surface air temperature (2090-2099 relative to 1980-1999)
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CO2 and CH4 in ice cores from Greenland and Antarctica
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glacial interglacial
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Permafrost Zone Soil C
Vulnerable Fraction
~5-15% by 2100

10% of known
permafrost C pool
=130-160 Pg

Similar in magnitude 
to biospheric sources 
(land use change)
Less than human sources
(fossil fuel)

Permafrost Carbon Emissions

Schuur et al. 2015 Nature



A Mysterious 

Hole on Yamal 

Peninsula 

in Russia





V.Bogoyavlensky, 

2020







Thank you very much !

www.permafrostwatch.org


