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L ate 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



Temperature in central Greenland
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FIGURE 1.2 Climate changes in central Greenland over the last 17,000 years.
Reconstructions of temperature and snow accumulation rate (Cuffey and Clow,
1997; Alley, 2000) show a large and rapid shift out of the ice age about 15,000
years ago, an irregular cooling into the Younger Dryas event, and the abrupt shift
toward modern values. The 100-year averages shown somewhat obscure the rapid-
ity of the shifts. Most of the warming from the Younger Dryas required about 10
years, with 3 years for the accumulation-rate increase (Figure 2.2). A short-lived
cooling of about 6°C occurred about 8,200 years ago (labeled 8ka event), and is
shown with higher time resolution in Figure 2.3. Climate changes synchronous with
those in Greenland affected much of the world, as shown in Figures 2.1 and 2.3.
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The Mammoth Steppe Concept: R. D. Guthrie, 1990
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Dan Mann holds the skull
of a steppe bison that
died on Alaska’s North
Slope more than 40,000
years ago.

Photo by Pam Groves

Bison Bob a big discovery on the North Slope
By Ned Rozell
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Phot by M. Grigorie\/
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FIGURE 1.2 Climate changes in central Greenland over the last 17,000 years.
Reconstructions of temperature and snow accumulation rate (Cuffey and Clow,
1997; Alley, 2000) show a large and rapid shift out of the ice age about 15,000
years ago, an irregular cooling into the Younger Dryas event, and the abrupt shift
toward modern values. The 100-year averages shown somewhat obscure the rapid-
ity of the shifts. Most of the warming from the Younger Dryas required about 10
years, with 3 years for the accumulation-rate increase (Figure 2.2). A short-lived
cooling of about 6°C occurred about 8,200 years ago (labeled 8ka event), and is
shown with higher time resolution in Figure 2.3. Climate changes synchronous with
those in Greenland affected much of the world, as shown in Figures 2.1 and 2.3.
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Abrupt Permafros
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@ Fairbanks
Permafrost extent
Continuous
Discontinuous
Sporadic

Isolated

a
Weichselian 100 - ca. 16 ky BP

Kharaulakh Ridge with extensive
perennial snow fields and névés.
Thick, ice-rich medium to
fine-grained deposits (Ice
Complex) accumulate in the
subsiding Bykovsky foreland
plain. Large valleys like the
Khorogor Valley are partly filled
with Ice Complex.

Middle Holocene

Formation of the Neelov and Tiksi
Bays due to further tectonic
subsidence, thermokarst develop-
ment and marine ingression.

Some depressions drain or silt-up.

Talik refreezing and pingo
formation begins.

@
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Late Glacial-Holocene transition

Perennial snowfields are strongly
reduced in extent. Deposits in the
valleys are eroded by increased
melt water. Ice Complex
accumulation in the foreland
plain is decreasing.
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Late Holocene

Decrease of thermokarst
development, refreezing of taliks,
and pingo growth. Progradation
of the Lena Delta into the Neelov
Bay.

Early Holocene

Start of intense thermokarst
development in the plain. Large
scale accumulation in the plain
changes to a complex pattern of
erosion, re-deposition, and
accumulation of alas deposits
(peats, lake sediments). Ice
Complex deposits in the valleys
are eroded.

Recent Holocene

Modern shape and relief.
Subset of a Landsat-7 ETM+
image from the 5. August 2000.
Further progradation of the SE
Lena Delta into the Neelov Bay.

d

Early-Middle Holocene

Ongoing thermokarst
development. The marine
transgression results in coastal
abrasion, the rapid ingression

of thermoarst basins, and the
formation of thermokarst lagoons.

Near future 2050-2500

Separation of the Bykovsky
Peninsula into islands due to
ongoing coastal thermoabrasion,
thermokarst subsidence,
predicted sea level rise, and
marine ingression.

Grosse et al., 2007 (Geomorphology)



Thermokarst and C-Cycle

Thermokarst Lakes as a Source of Atmospheric CH, During the Last Deglaciation
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12500 years
before present

thermokarst
lake

Schematic models of
level Coastal and
Submarine Permafrost
distribution under
different climatic
conditions
(after N. Romanovskii)

ice complex

seaice

PRESENT
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greenhouse gas
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CO,and CH, in ice cores from Greenland and Antarctica
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Late-Holocene Permafrost History

Air temperatures were cooling down

New “Holocene” permafrost was formed and southern
boundary of permafrost moved far south

New ice wedges started to grow in cold enough places

Vegetation zones moved back south



Holocene 3180 Records from Greenland
and Canadian Arctic Ice Caps

Renland

Penny

Agassiz

Agassiz melt %

ka BP

Paleoclimate, Global Change and the Future
Alverson, Bradley and Pederson eds., 2002 PA@ ES
G B P

Chapter 6: R. S. Bradley et al., fig. 6.2, p. 109 PAST GLOBAL CHANGES
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i h L M IM m MW "] T. Jorgenson et al., 2001: §
S .". B .I. S “Permafrost aggradation |

and the change from fens
to forests occurred in the
late 1600s.”
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“Permafrost degradation began

in the mid-1700s and is associated
with periods with relatively warm
climate during the mid-late 1700s
and 1900s”
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Change in Annual Temperature
from historical anthropogenic climate forcing
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Image credit: Noah Diffenbaugh and Marshall Burke, 2018
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Biskaborn et al., 2017

a-b Modern permafrost temperature (mean °C of 2014-2016)
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Distribution of Ice-Rich Yedoma (Ice Complex)
Deposits in East Siberia

e ¥

“ l‘i‘\ '\c
d on'‘Romanovskii, 1959

apb

7
gl

100 E 120 E 140 E 160 E

- 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 31

Zimov et al 2006 (Science), Schirrmeister et al., 2008









Unit 1, Active layer
-w-v-v-vv-v--v-rvvrvv:vvvv:-?:g:i'zwéttvgsf:_fvv';:""{"?"-v-v-vvv-v -—v-v"v-v-v'vvvvv--v-v?- vvvvvvv
Q T35 "'i“"_ -»-Ln_i"..a Unit 2, Intermediate layer|

I
(]

i A X P ) 12300 £ 50 ;‘,
y \\':—=_-. :1_4’,39_0,35)9:/ ‘\'
' C 416,550%75 _ |

- Unit 3, Yedoma silt with
~| "thin" ice wedges

\+niche—\
August 12,2007

i/
. ot
7 . ' |||| I" e
: !\ P
e i 2
= v y eies >
Unit 4, Yedoma silt with / o
~ | "thick" ice wedges
ud i u 1 q
Ak “
\
Unit 5, buried peat /—:-!:
Unit 6, buried I, ( 0 H /i UL |
Intermediate layer Yedoma I[ Pt 60
region 7 21
o~ N i Vo qI[ | /9 * Yedoma sites idon!ﬁl'gdh;om literature
j‘ Unit 7, Sllt wlth Sma“ Late 4 M Sites of our investigations
T._. buried ice wedges Wigcons, I + Yedoma locations clearly distinguished
- | I A © Possible Yedoma locations




Itkillik River

eposwe 1§ | Cryostratigraphy of late Pleistocene syngenetic permafrost (yedoma) in northern
Alaska, Itkillik River exposure

M. Kanevskiy **, Y. Shur?, D. Fortier *®, M.T. Jorgenson *¢, E. Stephani ®
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Projected surface air temperature (2090-2099 relative to 1980-1999)
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Permafrost Carbo Emissions

Permafrost Zone Soil C

Vulnerable Fraction g/t ¢ AN
~5-15% by 2100  #74

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

Similar in magnitude®:
to biospheric sources
(land use change)
Less than human sources

(fOSS” fUEl) Schuur et al. 2015 Nature



A Mysterious
Hole on Yamal
Peninsula

in Russia

Google earth
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Seyakha .
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Figure 1. Gas blowout craters in the central part of the Yamal Peninsula. (1) Areas of detailed studies
of Oil and Gas Research Institute of Russian Academy of Sciences (OGRI RAS): B, Bovanenkovo;
ST, South Tambey; NT, North Tambey Neito-Seyakha. (2) Craters of gas blowouts C1, C2, C9
and C11. (3) Gas and gas condensate fields including those marked with pink color: Bovanenkovo
(1), South Tambey (2), North Tambey (3) and West Seyakha (4). (4) Gas pipeline Bovanenkovo-Ukhta.
(5) Railroad. Basemap—ESRI standard imagery. V.Bog Oyavl ens ky,

2020




Puc. 6. TepMmokapcToBOE 03€po ¢ KpaTepamu BbIGPOCOB rasa B ceBepo-BOCTOYHOM HacTH
fimana (doto B. U. borosenexckoro us eepronera 15 uiong 2015 r.)

Fig. 6. Thermokarst lake with gas blowout craters in the north-eastern part of Yamal
(photo by V. |. Bogoyavlensky from a helicopter on July 15, 2015)
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Puc. 8. CxeMbl pacnpocTpaHeHua KpaTepoB BbIGPOCOB rasa Ha Cywe nonyoctpoea Aman M 30H Aerasauuu U3 TEpMOKapCTOBbIX O3ep
€ KpaTtepamu Ha aHe (1), NNOTHOCTH pacnpoCTpaHeHUA 30H Aerasauuu M3 03ep C KpatepaMu Ha AHe (2), YCNOBHOro pMCKa MOLHBIX
BbIGpOCOB rasa (3) u pacnpegeneHue KOHUEHTPaUMM MeTaHa no AaHHbIM cnektpometpa TROPOMI cnytHuka Sentinel-5P (4). O6o-
3Ha4eHuna: 1 — kparepel Bbi6pocos rasa C1, C2, €9, C11 u C12; 2 — o3epa ¢ Kparepamu Ha AHe; 3 — osepo OTkpeiTHe; 4 — Hace-
NEeHHbIe MYHKTLI; 5 — y4acTKu AeTanbHbiX uccneposanui (B — bosaHeHkoBckuM, ST — KOwHo-TamGeickuit, NT — Cesepo-TaMGeHCKuH,
N — Henturckmit, S — Ceaxunckun, NS — Cesepo-Ceaxunckun, WS — 3anagHo-CeaxuHckum, YR — EpKYTHHCKMIA); 6 — MeCTOpOXASHUA
YrNesoA0pOoAOE, BKNKYan nokasaHHele umdpamu bosaHeHkosckoe (1), KOxHo-Tam6elckoe (2), Ceeepo-Tambeiickoe (3), 3anagHo-Ce-

axuHckoe (4), HeituHckoe (5) u Hoeonoptosckoe (6); 7 — HedTenposoa; 8 — rasonpoeos bosaHeHKoBO-YXTa; 9 — XenesHaa gopora.
Kaprorpadu4yeckas ocHoea — ESRI




Thank you very much !

www.permafrostwatch.org




