What’s so interesting about Old Ice?

Ice patch on a mountain in Canada’s Northwest

Ice patches are too
small to flow: thus, are

ideal collectors and
_preservers of history

John Matthews
Professor of Physics, U. of New Mexico
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What's so interesting about Old Ice?

Beginning around 3 million years ago, Earth cooled and
entered an era marked by successive ice ages and
interglacial periods, emerging from the last glaciation around
11,700 years ago.

How interesting. How can we learn about it?

Fortunately, glacial ice can be used to learn about Earth’s
past history.

John Matthews
Professor of Physics, U. of New Mexico



What's so interesting about Old Ice?

Old ice, particularly in the form of ice cores drilled from
glaciers and ice sheets, is interesting because it acts as a
unique archive of Earth's past climate and atmospheric
conditions.

Ice patches, particularly paleo-ice patches (ancient ones),

are interesting because they are repositories of history and

environmental information, offering unique insights into the
past.

John Matthews
Professor of Physics, U. of New Mexico



What exactly is “old ice”?

ablation zone

Where it is cold, e.g.
on mountaln tops.

Tomasz Wawrzyniak.
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Over time, snowfall after snowfall, show compresses to ice

@88 accumulation zone
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When the
ice finds a
path
downhill it's
called a
glacier.

ablation zone

Tomasz Wawrzyniak.
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Glaciers move quite quickly, so their ice is generally young

This wall if ice is the terminus of the Hubbard
glacier in SE Alaska: popular with-cruise ships. The
glacier carries ice fromvitssSource, the St. Elias
mountains,;to the Gulf ofA'Iéska in about 400 years.

alaskaitinerary.com
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Fortuitously some mountain ice is thousands of years old

/

“1ce patches are too small
‘to flow by gravity and
are located on hillsides
mostly protected from“:%
direct sunshine.

~ This ice patch in Jotunheimen,
southern Norway, is probably
about 7600 years old. It has
_ preserved “whatever fell onto/into
_it”over the last 7600 years.
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Earth’s oldest ice is found two places: Antarctica & Greenland

e y A 8 |
i RICEI,

West Antarctic ice sheet (WAié) and mountains

T

‘Some Antarctica ice has beel
“dated to millions of years ol
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Different ice depths and snowfall, different “look back times”

® ©
® o
Ice core dnlling stations in Antarctica (L) and Greenland (R)

Most ice cores are drilled in Antarctica
and Greenland Tha aldact ~antinuous ice
core record extends to 130,000 years in
Creenland and 800,000 years in Antarctic=.
The deepest are uver S nin 2 miies) indepth. °



So far, Antarctica provides the oldest ice
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Years of snowfall compact to a record of Earth’s atmosphere

« Each year, new layers of
snow bury and compress

N
the previous layers. /:> " B ) o i
Snow " ks
« Gradually the grains grow ok ¥ A TS
larger and the air pockets K, ;‘;\Q ,j-‘?;—’
between the grains get il N
smaller.
« After about a year the snow Coarse-# e N /Q v
turns into firn, snow that now 8;?:23‘1 SEHS P~
survives the “summer melt". P i Tk i j\

Sb% afr
>

% air

» After perhaps a hundred
years the firn crystals have e
: . Firn

merged to a solid: air is now

bubbles of air in the glacial Fe=mrzy

ice. Ice o/
20% air as 11
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Like coring an apple, scientists core down into the glacial ice

Ice-cores hold a record of what
our planet was like in the




Ice cores from near the surface are done by hand

Orange spiralfldes Ice chips
away from the cutting head. 13
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https://www.britannica.com/science/ice-core
https://www.britannica.com/science/ice-core
https://www.britannica.com/science/ice-core

In most cases coring-drill is lowered on a long cable

Mast

Electromechanical
cable AN Winch

Generator

\
Q/ Ice, possibly

—_ thousands

of meters deep.

(https://en.wikipedia. org/wiki/lce_drilling )




Example of a coring-drill in operation at Allan Hills site

Allan Hills region of Antarctica holds the
current ‘rd for oldest Antarctic ice

(https://icedrill. org/equip ment/badger-eclipse-drill )



Coring-drills are high-tech with several components

Anti-torque section
&
e '

Motor section

Chip chamber

Drill head
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Each drill component has a specific job to do

The pump that trans-

ports the drilling liquid
and ice chips to the
chips chamber

The drill head with
the three cutters that
cut free the ice core

The anti-torque section
with three skates that
prevent the drill from
rotating in the hole ’,;-’

The chips chamber,
Drilling liquid runs
through the hollow shaft
and is recycled, while a
mesh retains the chips

The freshiy drilled ice
g core is contained in the
core barrel. When the barrel
rotates, the spirals on the
outside help pumping the
drilling liquid and ice chips
away from the drill head

The ice core drill (in the middle) and a closer 0ok
at some of the components. The core barrel and
chips chamber have been shortened in the
drawing and the outer barrel (indicated by green)

(Bl /ineemiik/=betinaam T Ny e has been removed to reveal the parts inside
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https://neem.dk/about_neem/drillingicecores/

Mast and coring-drill are tilted to get access to ice core
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(https://discoveringantarctica.org.uk/oceans-atmosp here-landscape/atmosphere-weather-and-climate/climate-change-past-and-future/ )



Earth’s past atmosphere is then studied using the ice-cores
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Ice-core sample being
removed from coring-d A

(https://en.wikipedia.org/wiki/lce_core )




The ice-cores look “cloudy” or like “frosted glass”

What looks like “frosted glass”
is actually glacial ice “filled” with
small bubbles of “historic” air.




A slice of the ice-core shows the mottled pattern of air bubbles
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Just to be clear: snow becomes ice and ice builds up over time

— ~
(https://www.chemedx. org/article/ice-core s-stable-isotopes-climate-chang e-aw
e - Lt 11

year.is represe y a new
layer of snow formed on top of the

one from the yW

| Individual ice layer

Oldest Iayers/' |

|
|
|
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Compacted ice: Dark and light
ice layers correspond to
summer and winter snows.

23

(https://cen.acs.org/environment/climate-change/race-preserve-Earths-historical-climate/98/i23 )



Dark and light layers “tick off” one year at a time

In practice
scientists use
a number of
techniques to
determine the
relative and
the absolute
ages of the
Ice.

e G N o N ~

This pattern is

| clearest

for shallower,
younger ice
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https://applets.kcvs.ca/IceCoreResearch/6/6g/howToDate.html

Antarctica is vast. Where is best for finding the oldest-ice?
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East Antarctica stores the most history in its thick ice

26

(hitps: . . . iclnf )


https://www.ldeo.columbia.edu/res/pi/gambit/AntarcticInfo.html

Ice at many locations is over 3000m (9850 ft) thick

levation (ice +
underlylng mountaln)
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(https://slideplayer.com/slide/16 568631/ )



Ice trajectories over time. Vertical lines are the best drill sites
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lce weight causes ice sheets to flow to their peripheries
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(https://www.researchgate.net/figure/a-lce-specimen-at-a-certain-de pth-of-an-ice-core-b-Ice-sheet-and-ice-shelf-bounded_fig2_267023538 )



Drilling sites are selected for uniformity of ice-layers

WA rill site was
oF! Or science
and partly to learn
how to do this

science

2 \-—\/\/\/\1

http://waisdivide.unh.edu

West Antarctic Ice Sheet Divide Ice Core
Climate, Ice Sheet History, Cryobiology

1)
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Scientists have developed radar to map the ice

Radar antenna developed at University of
Alabama was pulled across the Antarctic ice
to image beneath the surface. Then are
the layers horizontal, tilted or what?




Airborne or ground-based radar map ice and bedrock

t1 Airborne platform t2
‘* > %

Snow vehicle

Tx Over-snow platform Ry

Ice surface

2000 -

Depth (m)

3000 -

1o Bed below the ice
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The age of the ice is not necessarily simply related with depth
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Once started, the ice-core drilling extends over many years

Main drilling: 2006-2011 http://waisdivide.unh.edu

The ice-core drilling effort, and logistics, are almost unimaginable.

The WAIS Divide project reached its final depth goal of 3,405

meters (2.116 miles) on December 31, 2011
33

(hitps://waisdivide.unh.edu/posters/ )



https://waisdivide.unh.edu/posters/

UItimater, ice-cores are stored at -36°C (-32.8°F) for analysis
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https://icecores.org/

For longest ice-history, sites with most ice-layers are best

Accumulation e core
s m"' ; = Annual |
calving 4 e o b
\ ‘.// ~ Ablagion|
Flow Thinning and o

stretching

|deal geometry when ice compresses but doesn’t move,
thus simple relation between depth and look-back time.
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(https://globalchange .umich.edu/globalchange1/current/labs/Lab10_Vostok/Vostok.htm )



As yearly snowfall becomes a layer, minimum snowfall is best

Map of Antarctlca S prec:|p|tat|on
“"pink regions have-le st snowfall

.'desert' areas with less th:

of precipitation. Yes, regions of Antarctlca
are much drier than Albugquerque '

0 50 100 150 200 400 600

(hitps: o of ca)
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https://en.wikipedia.org/wiki/Climate_of_Antarctica

Several good drilling sites: high points with minimal snowfall

200 SNowfall
accumulation .. 7q4
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(https://www.semanticscholar.org/paper/Where-to-find-1.5-million-yr-old-ice-for-the-IPICS-Fischer-Se veringhaus/4832d62d fcb2bb5e 3c9b2e cc711b 1837 9c8 5ea2 5/figure/3 )




Concordia is the research station at Dome C
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P
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East Antarctic drill sites
are all high and cold

e
o

Typical temperature
-50° C = -58° F
IS cold.
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o
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Outside Temperature [°C]

Concordia: 3 floors

of laboratory and _ Jan/Feb Mar/Apr May/Jun Jul/Aug SeptOctNoviDec
living structures Months
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(https://www.biorxiv.org/content/10.1101/516567v1.full )



Concordia Research Station is operated by France and Italy

12—16 people during the isolated winter (March
to October) and up to 70—80 people during the
busy summer season (November to February).

'\  5 =
z ’3}’{‘::’i == Concordla is about 4,200 km (750 ml) er,m
e support statlons on the Antarctlc coast S T

(https://alchetron.com/Dome-C )



Concordia/Dome C are far inland: supplies are pulled on sleds
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France’s Dumont d'Urville Station is next to the Ocean
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Ocean location is pivotal for base/research-mission supplies

Icebreaker makes up to 5 round-trip voyages
to the Antarctic base during the November to
February period.



https://www.reddit.com/r/antarctica/comments/7axm6o/base_dumontdurville_france_antarctique_5184x3456/

French Icebreaker L’Astrolab unloading supplies

Ship transports personnel and cargo between Hobart,
Tasmania and the Dumont d’Urville base.
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Curious penguins monitor the progress R
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Cargo is loaded onto sleds that are pulled by tractors

Traverse_Train

(hitps://www.patricegodonpolarengineering.eu/ground-supply-traverses/ )
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Antarctica has little snow but frequently a lot of wind

B%e katabatic s dive drlfthg PR
snow across the “road”to . e
Concordia. This path was cleared

fwo days earlier by plows on the

supply traverse.

(https://www.wunderground.com 6
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Summer Sun never sets and is never high in the sky

Even in (austral) summer, near the south
pole the Sun is never high in the sky
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Convoy includes shipping containers refurbished as living quarters

47
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A dining/work space

Living quarters for the 7 to 12 day trip to Concordia Station
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European Project ice coring at Dome C has significant history

EPICA DOME C : drilling
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(http://archives. esf.org/coordinating-research/research-networking-programmes/life-earth-and-environ mental-sciences-le e/completed-esf-
research-networking-programmes-in-life-earth-and-environmental-sciences/ european-project-for-ice-coring-in-antarctica-epica-page-1.html )




Major installation needed to drill very deep/very old ice cores
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d ice-core removal are by plane
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Incoming supplies / outgoing ice-cores

lce-cores are labelled and carefully
stored in insulated boxes

i
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<t




How do scientists “analyze” the ice cores?
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Prepare sample for analysis: first cut and trim the ice core

P cf'}véclothing Is to
minimize contamination %

The surfaces of an
ice sample are cut
and shaved to

: ‘ remove potential
N\ contaminations.
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Ice sample is now ready for precision melting/analysis

L -

(https://mediarelations.unibe.ch/media_releases/2023/media_releases 2023/new_technology revolutionizes the analysis of old_ice/index eng.html )



https://mediarelations.unibe.ch/media_releases/2023/media_releases_2023/new_technology_revolutionizes_the_analysis_of_old_ice/index_eng.html
https://mediarelations.unibe.ch/media_releases/2023/media_releases_2023/new_technology_revolutionizes_the_analysis_of_old_ice/index_eng.html
https://mediarelations.unibe.ch/media_releases/2023/media_releases_2023/new_technology_revolutionizes_the_analysis_of_old_ice/index_eng.html

Spectroscopic analysis: which molecules and their fractions?
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https://www.jahresbericht2021.unibe.ch/unibe/jahresberichte/jahresbericht_2021/content/e1157746/e1157747/e1158731/e1170488/e1170495/Extraction2_ger.png
https://www.jahresbericht2021.unibe.ch/key_areas/sustainability/ocean_temperature/index_eng.html

Oxygen isotope ratios in the
H2>0 molecules indicate
average temperatures and
chart Earth's climate history.
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(https://cen.acs.org/environment/climate-change/race-preserve-Earths-historical-climate/98/i23 )



Temperature sensitivity from relative isotope abundances
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Ice-core data from EPICA Dome C go back 800,000 years
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Two drilling sites: do the different ice-core results agree?

2 Dome A
%
@ South Pole

% (https://cdiac.éss-dive. Ibl.gov/trend é/c02/ ice_core_co2.html ) f




Vostok and Dome C comparison shows similar patterns

deuterium (D) is a proxy for temperature

oD versus age
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Dome C (in red) oldest ice is much older
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(https://en.wikipedia.org/wiki/European_Project_for_lce_Coring_in_Antarctica )



Deep ice layers become thinned at great depth
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annual
layers

Annual layers
ERRRRET thinned




Dome C accesses much older ice but with degraded resolutior

deuterium (D) is a proxy for temperature

oD versus age
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(https://en.wikipedia.org/wiki/European_Project_for_lce_Coring_in_Antarctica )



Do Greenland and Antarctic ice cores tell the same story?
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(https://www.cambridge. org/core/Journals/annals-of -glaciology/article/ stratigraphybased-method-for- reoonstructlng -ice-core- orlentatlon/9E089321 17D5E1B5C6981B69A86A5932 )



NGRIP drilling camp on the summit of the Greenland ice sheet

The large structure is the camp main building (Main Dome);
the two other domes are the workshop and storage
buildings. The flags and pipes in the foreground mark the
location of the subsurface drill and science trenches.



Greenland and Antarctica data show some similar trends

Figure 5: Examples of the abrupt climate change in Greenland
and the more gradual effects seen in Antarctica during the Last Glacial Period
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Greenland and Antarctica both find warming 120,000 years ago

Isotope data for Greenland and Antarctic ice cores
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Independent sea-level data show similar trends
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Why do we care? Apparently Earth is not always the same.

For the last 800,000 years, Earth’s temperature has varied with
typically short warm periods followed by long, cold glacial-
periods. Earth changes: these studies help tell us why and how.
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Data appear to show a 100,000 year heartbeat

The pattern has a periodicity of about 100,000 years. It's called
the 700,000 year problem. What's special about the last 800,000

years? (This motivates the Beyond Epica:Oldest Ice project (in a few slides)).
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Last glacial period meant that e.g. Canada was ice-bound

|ce sheet extent near the peak of the last ice age

Scandinavia

GREENLAND

CANADA

- Y5 UNITED STATES

21,000 to 24,500 years ago- "

Earth’s average tempei'aturé‘

was about 8°C (46° F), i.e -

about 7°C colder than now > 71



https://www.climate.gov/media/11951

Vostok data show dust peaks near the end of glacial periods
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Dust from vast deserts may darken ice sheets to end ice ages

Last Glacial Maximum (18,000 14C years ago)

Extreme Desert
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(https://wileyearthpages.wordpress.com/20 17/0 1/13/amazonian-forest-through-the-last-glacial-maximum/ )



Another story from Old Ice: CO, and CH,today are unusual

COZ (ppm)

Figure 2: 800,000 years of atmospheric CO, and CH, as recorded in ice cores and atmospheric sampling
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Can we look back further in time: maybe to 1.2 M years ago?

BEYOND EPICA-OLDESTICE - Project “Beyond Epica:Oldest
Ice’ is at Little Dome C

Beyond EPICA is a new project

aiming to drill the oldest ice core

and provide past climate spanning
1.5 million years.
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he ..‘;.. in a perlod i
) D 1 .2 million Antarctica
jears ago called the

\ ~.. rﬁfeato cene ‘
Ry t

Little Dome C:
Site survey Nov/Dec 2016
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https://www.bas.ac.uk/project/beyond-epica/
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Beyond Epica:Oldest Ice at the Little Dome C drilling camp

‘,BEYUND
EPICA

OLDEST ICE
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Beyond Epica:Oldest Ice: drill extends through drill tent
The drill tent has a tilting drilling tower for

The drilling operatil
are essentially 4/
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View from inside the drill tent
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Beyond Epica:Oldest Ice: typical ice core
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Beyond Epica:Oldest Ice: drilling only during Austral summer
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Beyond Epica:Oldest Ice: season 2023/2024 to 1836.18m
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Beyond Epica:Oldest Ice: January 9, 2025 stop at 2727.38m
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But oldest ice is serendipitously from nearby Allan Hills
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Landsat Image Mosaic of Antarctica (LIMA) Project
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This story starts with ice flow concentrating meteorites

THE FORMATION OF METEORITE STRANDING SURFACES

Meteorite Falls
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Strong winds mean no (or minimal) snow cover
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Ice flows from high elevations until blocked by coast mountain
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Strong winds remove recent snow revealing ancient blue-ice

" area is an area of
a where wind-driven snow-
sval and snow-sublimation
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(https://umaine .edu/news/blog/2019/11/26/cci-teams-with-prin ceton-to-analyze-2-million-year-old-ice-cores/ / )



The question: has very-old-ice also “surfaced” in the blue-ice?
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Allan Hills showing ice core drilling areas (blue/ dots)
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Teams drill at several locations in the blue-ice area
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Unlike Dome C, scientists enjoy no infrastructure

This is typical Allan Hills accommodations
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Graduate student “selfie” to send home

92


https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice
https://earthsciences.dartmouth.edu/news/2024/12/pictures-searching-earths-oldest-ice

“Old ice” is now potentially not at great depths

Ice drilling is to modest
depths, so Allan Hillsdrilling
towers can be simple.
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Drill-tent provides essential protection from Allan Hills’ winds
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Then several records for oldest ice core

“\Water isotopes are:
*proxies for Earth’s

past temperature.
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Complex glacial ice motion makes dating tricky (but doable)

Chunks of ice
are dated from
trace amounts
of argon gases
they contain.

Although not as
precise as other
dating methods,
the technique
can date ice to
within 100,000
years or so.
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Allan Hills oldest ice core: this one is over 6 million years old

This is the ice at the very bottom of the
drill hole, at the ice:rock interface: thus
the dirty coloration.
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While a new record, “old” is not the same as a “time history”

2023-2024 field season
US Center for Oldest Ice
Explorations drilled
samples as old as 6+
million years. Fortu
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Allan Hills data (in color) is in good agreement with ocean sediment cores
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Curiously Earth has cooled by several °C over the last 3 to 4
million years. This is likely a consequence of plate tectonics,
e.g. Isthmus of Panama closed about 3 million years ago 99
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Long term temperature changes likely from plate tectonics
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In contrast, ice patches reveal Earth’s fairly-recent history

‘-'x Ry ,
"= Icerpatch in Denali National Park, Alaska

Too small to flow so they trap and preserve -
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(https://www.nps.gov/articles/denali-ice-patch-archeology.htm )



In recent years, this patch has shrunk and thinned significantly

. . *\

E&ch year what isﬁow the surface

corresponds to snow/ic\eﬁ]and debris

er back in time.

Decades ago, this ice patch covered this entire hillside.
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(https://www.nps.gov/articles/denali-ice-patch-archeology.htm )



Ice patch artifacts document passage of prehistoric people

Dated artifacts show that prehistoric people

established camps (in the region south of Denali) at
11,600, 10,300, 5,100, 3,030 and 1,100 years ago.

(

) 103


https://dnr.alaska.gov/parks/oha/projects/tanglelakes.htm

Flaked-stone dart/spear points



https://dnr.alaska.gov/parks/oha/projects/tanglelakes.htm

Thickest Glacier NP ice patches are over 6,000 years-old
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Retreating ice in Mount Edziza Provincial Park, B.C. Canada
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to Norway’s stone age

ime

t

In

~
[o]
©
(o]
©
©
b
(0]
Q
>
£
=
4]
£
n
>
z
o
<
)}
£
2
(0]
IS
¢
()
b
P
]
5}
©
=
=
=
©
-
c
0
(s}
c
@
2
IS
o
Q
g
]
)}
)}
S
<
[
()
=
=
%)
=
=]
<

tch has melted back

is ice pa

L
-



(One of two) 1,300-year-old skis from ice in southern Norway
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68 complete and partial arrows, some dating back 6,000 years

A researcher examines a wooden arrow shaft that emerged
from the Langfonne ice patch in Norway

MV‘

(https://www.nationalgeographic.com/science/2020/11/6000-years-arrows-emerge-melting-norway-ice-patch/ )



2" arrow found in Norwegian Jotunheimen mountains
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With rapid warming, it’s a race against time

Archeologists must find
the historical treasures
just as they emerge

from the ice and before
they are destroyed by



https://www.nytimes.com/2023/09/23/climate/arrow-glacier-melting-norway.html
https://www.nytimes.com/2023/09/23/climate/arrow-glacier-melting-norway.html
https://www.nytimes.com/2023/09/23/climate/arrow-glacier-melting-norway.html
https://www.nytimes.com/2023/09/23/climate/arrow-glacier-melting-norway.html
https://www.nytimes.com/2023/09/23/climate/arrow-glacier-melting-norway.html
https://www.nytimes.com/2023/09/23/climate/arrow-glacier-melting-norway.html
https://www.nytimes.com/2023/09/23/climate/arrow-glacier-melting-norway.html

Horseshoe dating back to Viking times

113



Ancient cairns marked the mountain pass at Lendbreen

(https://news.artnet.com/art-world/melting-ice-reveals-ancient-viking-trade-route-
184113 9#:~:text=A%20trove%200f %20ab out%20800,a %20resut%20 0f%20glob al%20 warming .&te xt=In%20a%20melted % 20ic
€%?20patch,woolen %20mitten%2 C%2 0and %20a%20tunic. )
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Iron age horse snowshoe, Lendbreen Norway, around BCE300
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(https://www.theguardian.com/science/2020/nov/01/se crets-of-the-ice-unlocking-a-meltin g-time-capsule-archaeology-glaciers )



Summary: what do the ice-cores tell us?

“\Water isotopes are: \
®proxies for Earth’s™ #

- past temperature.

-Bubbles in the |c£§"" i\
contain e.g. i 0
greenhouse ga

from Earth’s
atmosp re.

f
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(https://www.sciencemag.org/news/2017/08/record-shattering-27-million-year-old-ice-core-reve als-start-ice-
ages#:~:text=Scientists%20announced%20today%20that%20a,than%20the%20pre vious %20record %2Dholder. )



Summary: independent measurements show results reliable

Independent measurements show good agreement
deuterium (8D) is a proxy for temperature.

oD versus age
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(https://en.wikipedia.org/wiki/European_Project_for_lce_Coring_in_Antarctica )



Summary: Greenland and Antarctica both find warming 120,000 years ago

Isotope data for Greenland and Antarctic ice cores
are a proxy for Earth’s temperature.
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Summary: ice-core and sea-level measurements also agree

120,000 years ago Earth wlas “‘warmer”’ ar}d sea level higher
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Why do we care? Because Earth is not always the same.

Recently Earth’s temperature changes with typically short warm
periods followed by long, cold glacial periods. This pattern has
a periodicity of about a 100,000 years. While mostly the result of
Earth’s periodic orbit/axis variations, why impactful recently? The
goal of Earth’s oldest-ice-studies is to gain additional clues.
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Glacial periods mean that e.g. Canada/Scandinavia can be ice-bound

|ce sheet extent near the peak of the last ice age

Scandinavia

GREENLAND

CANADA

5. UNITED STATES

This is well known to.geologists-and is called
the Quaternary gIaCIahon Earth’s pattern of
periodic expanding and contractlng ice sheets.
Now we have the detailedtemperature record.
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https://www.climate.gov/media/11951

Another story from Old Ice: CO, and CH,today are unusual

Figure 2: 800,000 years of atmospheric CO, and CH, as recorded in ice cores and atmospheric sampling
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Summary: recent, often-human history, is in “ice patches”

£ 8

lce”patch in Denal"fNatiohaI Park, Alaska

Too small to flow so they trap and preserve -
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(https://www.nps.gov/articles/denali-ice-patch-archeology.htm )



Summary: retreating ice patches go back to iron, bronze and stone ages

ce patches preserve "whatever fell
onto/into them” over their lifetimes,
which can be thousands of years.

(https://www.treehugger.com/ancient-artifacts-are-emerging-norways-melting-ice-4869687 )



Summary: each year more ice melts, one day the artifact is visible

Every year as more ice melts,
more items appear. But soon
no more ice will be left. e
Scientists race against time. -

o




Historic treasures from melting ice patches: iron age sandal
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Historic treasures from melting ice patches: Viking sword
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Historic treasures from melting ice patches: Viking age mitten
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Historic treasures from melting ice patches: arrowhead
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Historic treasures from melting ice patches: iron age skis

“

131

(https://www livescience.com/archaeology/25-things-found-frozen-in-europ es-mountain-ice )



https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice
https://www.livescience.com/archaeology/25-things-found-frozen-in-europes-mountain-ice

Historic treasures from melting ice patches: iron age tunic
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Thank you
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Professor of Physics

U. of New Mexico
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What’s so interesting about Old Ice?
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