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Last ice age: colder than thought

May 12, 2021 | Andri Bryner
Topics: Biodiversity | Society

The last ice age, about 20,000 years ago, was significantly colder than previously thought. This
is shown for the first time by systematically analysed samples of groundwater collected around
the globe and the inert gases dissolved in it. Swiss groundwater from Uster (ZH) also
contributed to the results.

The solubility of naturally occurring noble gases (from Helium to Xenon), depends on temperature as
with other gases. If you analyse a groundwater sample, the concentrations of the noble gases dissolved
in it tell you at what temperatures this water was in contact with the atmosphere before it seeped into
the ground. However, it is much more difficult to determine how long the water remained there.
Although there are methods for dating water, for example by drawing conclusions from the radioactive
decay of uranium and thorium to helium-4, the results are shaky. In addition, the interpretation of the
data obtained is also not very reliable because it is often based on the regional occurrence of certain
plants or animals. Thereby researchers probably underestimated the fact that the species also migrated
20,000 years ago - to places where the climate suits them. “Animals are not such good thermometers,"
says Jeffrey Severinghaus, co-author of a study published today in the journal Nature by seven
institutes from USA, Germany and Switzerland.

Relative rather than absolute dating is enough

Environmental physicist Prof. Rolf Kipfer of Eawag, the Swiss Federal Institute of Aquatic Science and
Technology and the Department of Environmental Systems Science at the ETH Zurich explains what
was done differently in the new study: Newly collected and existing groundwater data were for the first
time systematically analysed according to a global standard for the temperatures at which the waters
had still been in contact with the atmosphere. An absolute dating of the samples was not even
attempted, but it was only determined relatively whether one sample was younger or older than another
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was. This resulted in temperature series, or a temperature curve, who’'s minimum must correspond to
the maximum of the greatest ice age. The global mean temperature was thus a full 6 °C lower than
today (5.8 £0.6°C). Until now, science has tended to assume 3 - 5 °C. Today we live at around 14°C,
while our ancestors and the mammoths lived at 8°C or less.

The warmest regions are not immune to further warming

The new results from the noble gas analyses correspond well with new analyses from fossil marine
plankton. These suggest much more cooling at low latitudes than earlier studies and a greater
sensitivity of climate to atmospheric CO2 levels. "This is not good news in terms of future global
warming, which could be stronger than expected based on previous best estimates," says co-author
Werner Aeschbach, a professor at the Institute of Environmental Physics at Heidelberg University. "In
particular, our global view supports the finding of several noble gas case studies that the tropics were
much cooler during the last glacial maximum than they are today. So the warmest regions of the world
are not immune to further warming."

Reliable because there is a physical principle behind it

"Paleo temperature records with noble gases are so meaningful because they are based on a physical
principle and do not need to be calibrated. “So they are not influenced by short-term extreme events
and life - which always complicates everything," says the paper's co-author, Martin Stute, a professor in
the Department of Environmental Science at Barnard College, New York. Like Stute, Kipfer is excited
about how the work published today brings nearly 40 years of research full circle: "It's remarkable and
satisfying to me how consistent the noble gas temperature reconstructions are at low latitudes, from the
early studies | led in the 1990s to the most recent," says Kipfer, who has studied groundwater samples
from Uster, Zurich, as well as from Oman and Wisconsin, USA, among other places. The "noble gas
thermometer”, it now turns out, is remarkably accurate over a temperature range of between about 2°C
and 33°C. "This strengthens confidence in new climate models, that assume severe cooling during the
last ice age”, says Kipfer.

By the way: water that has been underground for 10,000 or even 100,000 years is not at all rare and
usually of good quality. In Uster, for example, a drinking water well was drilled to a depth of about 80
metres in the 1990s and - rather accidentally - 30,000-year-old water was pumped up. In the meantime,
younger groundwater has been flowing from rock layers further up. In countries such as Libya, however,
deep groundwater that has once been exploited can no longer be renewed because the desert now lies
at the surface.

Uberlandstrasse 133 T +41 58 765 55 11 info@eawag.ch eawag
[eXeXe)

CH-8600 Dubendorf F +41 58 765 50 28 www.eawag.ch aquatic research


https://www.eawag.ch/fileadmin/Domain1/News/2021/05/12/kulongoski_justin.jpg
https://www.eawag.ch/fileadmin/Domain1/News/2021/05/12/kulongoski_justin.jpg

Page 3/5

Groundwater data from 26 different studies and from all continents (except Antarctica) were
analysed according to a common standard for the first time. Among them are data sets from
Botswana and Namibia.
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Sampling an aquifer with historic water.
(Photo: Alan Seltzer, WHOI)

Cover picture: Giuseppe Reichmuth

Original paper

.extbase-debugger-tree{position:relative}.extbase-debugger-tree input{position:absolute
limportant;float: none !limportant;top:0;left.0;height:14px;width:14px;margin:0
limportant;cursor:pointer;opacity:0;z-index:2}.extbase-debugger-tree input~.extbase-debug-
content{display:none}.extbase-debugger-tree .extbase-debug-header:before{position:relative;t
op:3px;content:";padding:0;line-height: 10px;height: 12px;width:12px;text-align:center;margin:0
3px 0 0;background-image:url(data:image/svg+xml;base64,PD94bWwgdmVyc2Ivbj0iMS4wliBI
bmNvZGluZz0idXRmLTgiPz48c3ZnIHZIcnNpb249IjEuMSIgaWQ9lkViZW5IXzEilHhtbG5zPSJ
0dHRwOIi8vd3d3LnczLm9yZy8yMDAWL3N2ZylgeG1sbnM6eGxpbms9ImhOdHA6LYy93d3cudz
Mub3JnLzE50TkveGxpbmsilHg9ljBweClgeTOIMHB41iB2aWV3Qm94PSIwIDAgMTIgMTIiIHN
0eWxIPSJIbmFibGUtYmFja2dyb3VuzZDpuZXcgMCAwIDEYIDEyOylgeG1sOnNwYWNIPSJwc
mVzZXJ2ZSI+PHNOeWxIIHR5cGU9INRIeHQVY3Nzlj4uc3Qwe2ZpbGw6lzg40Dg40Dt9PC9z
dHIsZT48cGF0aCBpzZD0iQm9yZGVyliBjbGFzcz0ic3QwIiBKPSINMTESMTFIMFYwaDEXV|Ex
eiBNMTAsMUgxdjloOVYxeilvPjxnIGIkPSJJbm5Icil+PHJIY3QgeD0iMilge TOINSIgY 2xhc3M9In
NOMClgd2lkdGg9ljcilGhlawdodDO0iMSIvPjxyZWNOIHg9IjUilHK9IjlilGNsYXNzPSJzdDAilHdpZ
HRoPSIxliBoZWInaHQ9ljciLz48L2c+PC9zdmc+);display:inline-block}.extbase-debugger-tree
input:checked~.extbase-debug-content{display:inline}.extbase-debugger-tree input:checked~.
extbase-debug-header:before{background-image:url(data:image/svg+xml;base64,PD94bWwg
dmVyc2Ivbj0iMS4wliBIbmNvZGluZz0idXRmLTgiPz48c3ZnIHZIcnNpb2491jEuMSIgawQ9lkViZz
W5IXzEilHhtbG5zPSJodHRwOI8vd3d3LnczLm9yZy8yMDAWL3N2ZylgeG1lsbnM6eGxpbms9l
mhOdHAG6LY93d3cudzMub3JInLzE50TkveGxpbmsilHg91jBweClgeTOIMHB41iB2awVv3Qm94P
SIWIDAgMTIgMTIIIHNOeWxXIPSJIbmFibGUtY mFja2dyb3VuzZDpuzZXcgMCAwIDEYIDEYyOylgeG
1sOnNNwWYWNIPSIwemVzZXJ2ZSI+PHNOeWxIIHR5cGU9INnRIeHQVY3Nzlj4uc3Qwe2ZpbGw6

Uberlandstrasse 133 T +41 58 765 55 11 info@eawag.ch eawag
CH-8600 Dubendorf F +41 58 765 50 28 www.eawag.ch aquatic research 000


https://www.eawag.ch/fileadmin/Domain1/News/2021/05/12/probenahme.jpg
https://www.eawag.ch/fileadmin/Domain1/News/2021/05/12/probenahme.jpg
https://www.eawag.ch/fileadmin/Domain1/News/2021/05/12/probenahme.jpg

Page4/5

1zg40Dg40Dt9PC9zdHIsZT48cGF0aCBpzZD0iQm9yZGVyliBjbGFzcz0ic3QwIiBKPSINMTESM
TFIMFYwaDExVjExeiBNMTAsMUgxdjloOVYxeilvPjxnIGIkPSJJbmb5lIcil+PHJIY3QgeDOiMilgeT
0iNSIgY2xhc3M9INNOMClgd2lkdGg9ljcilGhlawdodDOiMSIvPjwvZz48L3N2Zz4=)}.extbase-
debugger{display:block;text-align:left;background:#2a2a2a;border:1px solid #2a2a2a;box-
shadow:0 3px 0 rgba(0,0,0,.5);color:#000;margin:20px;overflow:hidden;border-radius:4px}.ext
base-debugger-floating{position:relative;z-index:999}.extbase-debugger-
top{background:#444;font-size:12px;font-family:monospace;color:#f1f1f1;padding:6px
15px}.extbase-debugger-center{padding:0 15px;margin:15px 0;background-image:repeating-
linear-gradient(to bottom,transparent O,transparent 20px,#252525 20px,#252525
40px)}.extbase-debugger-center,.extbase-debugger-center .extbase-debug-string,.extbase-
debugger-center a,.extbase-debugger-center p,.extbase-debugger-center pre,.extbase-
debugger-center strong{font-size:12px;font-weight:400;font-family:monospace;line-
height:20px;color:#f1f1f1}.extbase-debugger-center pre{background-color:transparent;margin:
0;padding:0;border:0;word-wrap:break-word;color:#999}.extbase-debugger-center .extbase-
debug-string{color:#ce9178;white-space:normal}.extbase-debugger-center .extbase-debug-
type{color:#569CD6;padding-right:4px}.extbase-debugger-center .extbase-debug-
unregistered{background-color:#dcele8}.extbase-debugger-center .extbase-debug-
filtered,.extbase-debugger-center .extbase-debug-proxy,.extbase-debugger-center .extbase-
debug-ptype,.extbase-debugger-center .extbase-debug-visibility,.extbase-debugger-center
.extbase-debug-scope{color:#fff;font-size: 10px;line-height:12px;padding:2px 4px;margin-
right:2px;position:relative;top:-1px}.extbase-debugger-center .extbase-debug-
scope{background-color:#497AA2}.extbase-debugger-center .extbase-debug-
ptype{background-color:#698747}.extbase-debugger-center .extbase-debug-
visibility{background-color:#698747}.extbase-debugger-center .extbase-debug-
dirty{background-color:#FFFFB6}.extbase-debugger-center .extbase-debug-
filtered{background-color:#4F4F4F}.extbase-debugger-center .extbase-debug-seeabove{text-
decoration:none;font-style:italic}.extbase-debugger-center .extbase-debug-
property{color:#f1f1fl}.extbase-debugger-center .extbase-debug-
closure{color:#9BA223;}Extbase Variable Dumparray(2 items) publications => '22645' (5
chars) libraryUrl => " (0 chars) Extbase Variable Dumparray(1 item) 0 =>
Snowflake\Publications\Domain\Model\Publicationprototypepersistent entity (uid=22645,
pid=124) originalld => protected22645 (integer) authors =>
protected'Seltzer,&nbsp;A.&nbsp;M.; Ng,&nbsp;J.; Aeschbach,&nbsp;W.; Kipfer,&nbsp;R.;

Kulongoski,&nbsp;J.&nbsp;T.; Severinghaus,&nbsp;J.&nbsp;P.; Stute,&nbsp;M.' (150
chars) title => protected'Widespread six degrees Celsius cooling on land during the Last
Glacial Maxim

um' (78 chars) journal => protected'Nature' (6 chars) year => protected2021 (integer)
volume => protected593 (integer) issue => protected'7858' (4 chars) startpage =>
protected'228' (3 chars) otherpage => protected'232' (3 chars) categories => protected" (0
chars) description => protected' The magnitude of global cooling during the Last Glacial
Maximum (LGM, the co

Idest multimillennial interval of the last glacial period) is an important c

onstraint for evaluating estimates of Earth’s climate sensitivity<sup>1,2<

/sup>. Reliable LGM temperatures come from high-latitude ice cores<sup>3,4</

sup>, but substantial disagreement exists between proxy records in the low |

atitudes<sup>1,5-8</sup>, where quantitative low-elevation records on land

are scarce. Filling this data gap, noble gases in ancient groundwater recor

d past land surface temperatures through a direct physical relationship that

Uberlandstrasse 133 T +41 58 765 55 11 info@eawag.ch eawag
[eXe]e}

CH-8600 Dubendorf F +41 58 765 50 28 www.eawag.ch aquatic research



Page5/5

is rooted in their temperature-dependent solubility in water<sup>9,10</sup>

. Dissolved noble gases are suitable tracers of LGM temperature because of t

heir complete insensitivity to biological and chemical processes and the ubi

quity of LGM-aged groundwater around the globe<sup>11,12</sup>. However, alt

hough several individual noble gas studies have found substantial tropical L

GM cooling<sup>13-16</sup>, they have used different methodologies and pro

vide limited spatial coverage. Here we use noble gases in groundwater to sho

w that the low-altitude, low-to-mid-latitude land surface (45 degrees south

to 35 degrees north) cooled by 5.8 + 0.6 degrees Celsius (mean + 95

% confidence interval) during the LGM. Our analysis includes four decades of

groundwater noble gas data from six continents, along with new records from

the tropics, all of which were interpreted using the same physical framewor

k. Our land-based result broadly supports a recent reconstruction based on m

arine proxy data assimilation<sup>1</sup> that suggested greater climate sen

sitivity than previous estimates<sup>5-7</sup>."' (1721 chars) serialnumber =>
protected'0028-0836' (9 chars) doi => protected'10.1038/s41586-021-03467-6' (26 chars) uid
=> protected22645 (integer) _localizedUid => protected22645 (integer)modified _languageUid
=> protectedNULL _versionedUid => protected22645 (integer)modified pid => protected124
(integer) Seltzer, A. M.; Ng, J.; Aeschbach, W.; Kipfer, R.; Kulongoski, J. T.;
Severinghaus, J. P.; Stute, M. (2021) Widespread six degrees Celsius cooling on land during
the Last Glacial Maximum, Nature, 593(7858),
228-232, doi:10.1038/s41586-021-03467-6, Institutional Repository

Contact

Rolf Kipfer
Tel. +41 58 765 5530
rolf.kipfer@eawag.ch

- Andri Bryner
Media officer
L ™™ ® . Tel +41587655104
= andri.bryner@eawag.ch

https://www.eawag.ch/en/info/portal/news/news-archive/archive-detail/last-ice-age-colder-than-thought

Uberlandstrasse 133 T +41 58 765 55 11 info@eawag.ch eawag
[eXe]e}

CH-8600 Dubendorf F +41 58 765 50 28 www.eawag.ch aquatic research


http://doi.org/10.1038/s41586-021-03467-6
http://doi.org/10.1038/s41586-021-03467-6
https://www.dora.lib4ri.ch/eawag/islandora/object/eawag:22645
mailto:rolf.kipfer@eawag.ch
mailto:andri.bryner@eawag.ch
https://www.eawag.ch/en/info/portal/news/news-archive/archive-detail/last-ice-age-colder-than-thought
http://www.tcpdf.org

