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‘ N ] hen you drink a glass of water or take a shower,
think of glaciers. Why?

Glaciers contain at least 75 percent of Earth's fresh
water — much more than all our planet's lakes and
rivers combined. If you're flying in a plane on a summer
day and see ice glistening below, think of glaciers.
Why? They're so large and thick that they stay frozen all
year round. And next time you're eager for a time-travel
adventure, think of glaciers. Why? Ice cores drilled
from glaciers allow scientists to peer back into Earth's
past.

A thick mass of slow-moving ice that has formed on
land is called a glacier. Ice sheets are the vast glaciers
that sprawl over the entire continent of Antarctica and
the island of Greenland. The latter's ice sheet is only the
size of Mexico, but Antarctica's is twice as big as the
continent of Australia and has been accumulating snow
and ice for at least 40 million years! Together, they

contain more than 99 percent of Earth's ice.
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SLIP-SLIDING AWAY

Glaciers form by the accumulation, compression, and
recrystallization of snow. They require very specific
conditions of climate and geography, which means that
they are found in polar or high mountain regions where
snowfall is heavy in winter, temperatures stay below
freezing for long periods, and summers are cool. Freshly
fallen snowflakes are light and fluffy, but as new layers
of snow fall, their weight compresses the snow under-
neath into smail, dense grains that grow to be the size of
rock salt. Scientists call these enlarged crystals firn. Firn
contains many air bubbles, but over thousands or mil-
lions of years the individual grains of firn enlarge, the
pockets of air are closed off, and the firn is compressed
into slabs of deep glacier ice.

"Hot" ice! Is that possible? Actually, ice is one of
the hottest solids in existence, because it's close to its
melting point. Glaciers are always moving, but because
ice is "hot," they move like liquids rather than solids.
Glaciers slide and "creep." They slide over the ground on
meltwater, a very thin layer of water from melted ice, and
"creep" when their icy layers glide over one another
because of their weight. Different parts of the same
glacier slide or creep at different speeds. The center
moves more rapidly than the sides; the surface moves
more rapidly than the bottom, because the sides and
bottom are restricted by friction. Most glaciers move
several feet per year, while others "race" a few miles.
Glaciers carry, grind, or crush everything in their
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path — huge rocks, forests, and hills. As rocks are
carried, they are broken down into smaller and smaller
pieces. Sometimes rock fragments are left behind in
piles called moraines. Glaciers even reshape mountains,
leaving pointed peaks and jagged ridges. Wherever
they slowly sweep Earth's surface, they completely
remodel the landscape.

IcE CORES AND GLOBAL CLIMATE
CHANGE

Far below a glacier's surface, information about Earth's
history and climate is locked away in layers of ice. Ice
cores are the key to this treasure. They are cylinders of
ice about 12 centimeters (4 to 5 inches) in diameter that
are extracted from glaciers with a drill. By dating cores
from around the world and studying the gases and other
contaminants trapped in them, glaciologists have been
able to create a picture of global climates reaching back
over 100,000 years. The more we understand about
past climate changes, the better we'll be at
predicting future ones.

Glaciers grow by adding a new layer
of snow each year. It's easy for scientists
to see the annual layers in an ice core by
lighting it from beneath. They can then
count the layers to determine the age of any

section, much like you can count tree rings to deter-

mine a tree's age.

Dr. Richard Alley, an expert on glaciers and
climate, spent five summers removing a 3,000-meter-
long (2-mile) core from the Greenland Ice Sheet.
Because it was impossible to remove it in one piece, his
team drilled out the core in 1-meter (3-foot) segments.
Annual layers in the Greenland ice core are clearly
defined back to depths dating to 50,000 years ago, but
deeper layers have been thinned and deformed by the
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glacier's flow. An experienced glaciologist like Dr. Alley
knows how to interpret the problem layers and can get an
accurate count as far back as 100,000 years.

Glaciologists check their count of the layers by
testing them for contaminants from volcanic eruptions
and other catastrophic events whose dates are known. For
example, finding volcanic ash from the eruption of Mt.
St. Helens in 1980 in the right layer means that it has been
correctly counted and dated.

After dating the cores, scientists look for evidence
of climate change frozen in the ice. Anything that can be
carried by the wind (dust from faraway deserts, salt from
the ocean, and pollen, for example) has been found in ice
cores. Each of these substances provides a clue to past
climates. Increasing amounts of dust and ocean salt in a
series of layers signal a cooler, dryer climate. The amount
of pollen from warm-weather plants compared to the
amount from cold-weather plants in a layer also helps
scientists figure out what the global climate was like in
the past.

Carbon dioxide gas has also been found trapped in
bubbles inside ice cores. (You may be familiar with it as
the greenhouse gas that comes from burning fossil fuels
like oil and coal.) Although no one is sure whether
increased amounts of Carbon dioxide cause global
warming, glaciologists have found that warm climates
and larger amounts of Carbon dioxide go together.

From their work on ice cores, glaciologists know
that the history of Earth's climate is one of constant
change. For the past 10,000 years, the global climate has
been unusually stable, but in the last few decades, aver-
age temperatures have risen to their highest levels in over
100 years. Scientists are concerned that human activity
may push the climate into another period of drastic
change. They hope to use what they've learned from ice

cores to help us understand how climate works and avoid

upsetting its delicate balance.
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by Don Perovich and Jackie Richter-Menge

K, we know that there is sea ice in the polar H i, R, ERe gt A
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around the world, and that
Greenland and Antarctica are
almost completely covered
with ice. But how much ice is
there? The table below shows
the volume of each type of %% a

ice and how much the sea §
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them is small compared to the

Greenland and Antarctic ice sheets.

There is a huge amount of ice in Antarc-




water in the world. There is 1,000 times more fresh water
in Antarctic ice than in the Great Lakes.

What if this ice melted due to global warming?
Interestingly, if all the sea ice melts, the total rise in sea
level will be zero. Why? Because the sea ice is already
floating.

Try this experiment: Put some ice in a glass, and then
very carefully fill the glass to the top with water. The ice
in the glass is floating. As the ice melts, does the glass
overflow?

Most of the ice in glaciers, in Greenland, and in
Antarctica is sitting on land and not floating. Melting this
ice would cause a large rise in sea level — of some 80
meters, in fact. Luckily, Greenland and Antarctica are so
cold that most of the ice won't melt even with global
warming. However, with global warming there could be
more melting around the edges, and possibly large pieces
of the Antarctic ice sheet might break off into the ocean.

If this happened, the sea level could rise by as much as

five meters.
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Ice type Volume of ice (km?) Sea level rise (m)
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Sea ice JFiK 40 000 0
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The Great

Ice-Skating
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S kating is a simple activity. So the science
behind the sport must be simple, too, right?
Wrong!

In fact, scientists have been arguing for over
a hundred years about the precise science that
allows us to skate. Now there's a new study, using
technology designed for the space program. The
result? Everything we thought we knew about the
science of skating turns out to be wrong!

For a long time, experts theorized that the

WHAT'S
THE REAL
SCIENCE
BEHIND
SKATING?
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Competition! ......

key to skating was pressure. Maybe the weight
of the skater balancing on those thin blades
produced enough pressure to melt the ice —
leaving a thin film of water that helped the
skater slide. True? Well, ice really does melt
when it's placed under enough pressure — even
when its temperature is below 0 degrees C
(32 degrees F).

But then someone finally measured the
pressure between a skate blade and the ice. It
wasn't nearly enough to produce melting. So
despite being quoted since the 1800s (and still
appearing in some of today's science books),
the "pressure" theory about ice-skating turns
out to be wrong.

Another theory about skating involves
friction. Like rubbing your hands together, fric-
tion can generate heat from motion. Does friction
help a skater melt the ice?

Well, get ready for skating's newest spin.
Seems that friction and even pressure do help us
skate, in some ways. But the real secret behind
skating is only discovered using the remarkable
science of surface physics. That science is unlock-
ing an amazing new world within ice, which exists
only in the molecules right at the surface.

When scientists at Lawrence Berkeley Na-
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tional Laboratory trained high-tech instrumen

A LME IR F XTI i I
TR BE I 1 5T IS RS A S I RS )
ARk, (B2, NATEER T S m
MATA KRBT K ELIE B, X —
ﬂﬂﬁT~Aﬁ%%%?m%W§ﬁﬁ
L VKT I FRREE 2 I AR AR T R e oK

on this incredibly thin slice of the cold stuff,
they encountered a bizarre new ice region.
They call it "the quasi-fluid layer." Compared
to ordinary ice, half the molecules in the quasi-
fluid layer appear to vanish. Actually, t g
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by Don Perovich and Jackie Richiter- Menge ‘m
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"Q X\‘{ ell, for starters if water were like most other. *

¥ ¥ natural substances on Earth, you'd have to
wear scuba diving equipment to go skating on a lake.
That's because the ice would be on the bottom of the
lake, not the top.

Here are the facts. Most substances, when they
change from a liquid to a solid, become denser. This
means that if you weighed an equal amount of the
liquid and the solid, the solid would be heavier. Guess
what happens when you put the solid into the liquid?
It sinks.

But not water! When water turns from a liquid
to a solid, or freezes, it becomes LESS dense and,
you've got it. . .it FLOATS!

Basically, it all boils down to (or should we say,
"freezes up to"!) the property called density. The
density of a substance is related to how much it
weighs divided by its volume, or amount. If you are

! comparing the same volume of different substances,
then the higher the weight, the higher the density.

Still wondering? Try this: Take a container, fill

it with vegetable oil, and weigh it. Take an identical
container, fill it with water to the exact same level,
and weigh it. You should find that the container of oil
~is lighter than the container of water. Since the same
volume of oil and water has been weighed, this means
 that the oil is less dense than the water. Now, mix
. some of the oil and water. Voila! The oil FLOATS,
just like ice on water.
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Moving through the deep snows of the high- i o LLI A TR 2 FR S R AT B ) vl DK B 5
est mountains and the tangled tunnels of 7, BESFEAAG LR, vk
sea ice, or waiting deep inside the ice of permafrost, — FIREHLBIIARIVKZ B, FZ AR R NFIRBUNE
ancient glaciers, and polar lakes, small organisms WAEARBRAETEE .
carry on their secret lives! FE— KM T AR A3
On a snapshot of Earth from permaﬂog 4 W EREREEH, KA KGREG
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space, the tremendous expanses of
frozen whiteness stand out frigid
and lifeless. But not so quick! Scien-

tists everywhere are bundling off to



