
Impact processes, permafrost dynamics, and climate and
environmental variability in the terrestrial Arctic as inferred from the
unique 3.6 Myr record of Lake El'gygytgyn, Far East Russia e A review

Volker Wennrich a, *, Andrei A. Andreev a, b, Pavel E. Tarasov c, Grigory Fedorov d, e,
Wenwei Zhao a, Catalina A. Gebhardt f, Carsten Meyer-Jacob g, Jeffrey A. Snyder h,
Norbert R. Nowaczyk i, Georg Schwamborn j, Bernhard Chapligin j, Patricia M. Anderson k,
Anatoly V. Lozhkin l, Pavel S. Minyuk l, Christian Koeberl m, n, Martin Melles a

a Institute of Geology and Mineralogy, University of Cologne, Zuelpicher Str. 49a, 50674 Cologne, Germany
b Institute of Geology and Petroleum Technologies, Kazan Federal University, Kremlyovskaya Str. 18, 420008 Kazan, Russia
c Free University Berlin, Institute of Geological Sciences, Palaeontology Section, Malteser Str. 74-100, Building D, 12249 Berlin, Germany
d Arctic and Antarctic Research Institute, Bering Street 38, 199397 St. Petersburg, Russia
e St. Petersburg State University, Institute of Earth Sciences, 10 Line V.O., 33, 199178 St. Petersburg, Russia
f Alfred Wegener Institute for Polar and Marine Research, Am Alten Hafen 26, 27568 Bremerhaven, Germany
g Department of Ecology and Environmental Science, Umeå University, SE-901 87 Umeå, Sweden
h Department of Geology, Bowling Green State University, Bowling Green, OH 43403, USA
i Helmholtz Centre Potsdam, GFZ German Research Centre for Geosciences, Telegrafenberg, 14473 Potsdam, Germany
j Alfred Wegener Institute for Polar and Marine Research, Telegrafenberg A43, 14473 Potsdam, Germany
k Earth and Space Sciences and Quaternary Research Center, University of Washington, Seattle 98195-1310, USA
l Northeast Interdisciplinary Scientific Research Institute, Far East Branch, Russian Academy of Sciences, Portovaya Street 16, 685000 Magadan, Russia
m Department of Lithospheric Research, University of Vienna, Althanstrasse 14, 1090 Vienna, Austria
n Natural History Museum, Burgring 7, 1010 Vienna, Austria

a r t i c l e i n f o

Article history:
Received 4 May 2015
Received in revised form
17 January 2016
Accepted 8 March 2016
Available online 11 April 2016

Keywords:
Lake El'gygytgyn
ICDP
Mid-Pliocene warmth
Arctic amplification
Pliocene/Pleistocene transition
Super-interglacials
Permafrost dynamics
Impact history

a b s t r a c t

Lake El'gygytgyn in Far East Russia is a 3.6 Myr old impact crater lake. Located in an area that has never
been affected by Cenozoic glaciations nor desiccation, the unique sediment record of the lake represents
the longest continuous sediment archive of the terrestrial Arctic. The surrounding crater is the only
impact structure on Earth developed in mostly acid volcanic rocks. Recent studies on the impactite,
permafrost, and sediment sequences recovered within the framework of the ICDP “El'gygytgyn Drilling
Project” and multiple pre-site surveys yielded new insight into the bedrock origin and cratering pro-
cesses as well as permafrost dynamics and the climate and environmental history of the terrestrial Arctic
back to the mid-Pliocene.

Results from the impact rock section recovered during the deep drilling clearly confirm the impact
genesis of the El'gygytgyn crater, but indicate an only very reduced fallback impactite sequence without
larger coherent melt bodies. Isotope and element data of impact melt samples indicate a F-type asteroid
of mixed composition or an ordinary chondrite as the likely impactor. The impact event caused a long-
lasting hydrothermal activity in the crater that is assumed to have persisted for c. 300 kyr.

Geochemical and microbial analyses of the permafrost core indicate a subaquatic formation of the
lower part during lake-level highstand, but a subaerial genesis of the upper part after a lake-level drop
after the Allerød. The isotope signal and ion compositions of ground ice is overprinted by several thaw-
freeze cycles due to variations in the talik underneath the lake. Modeling results suggest a modern
permafrost thickness in the crater of c. 340 m, and further confirm a pervasive character of the talik
below Lake El'gygytgyn.

The lake sediment sequences shed new leight into the Pliocene and Pleistocene climate and envi-
ronmental evolution of the Arctic. During the mid-Pliocene, significantly warmer and wetter climatic
conditions in western Beringia than today enabled dense boreal forests to grow around Lake El'gygytgyn
and, in combination with a higher nutrient flux into the lake, promoted primary production. The
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