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Expedition to the Arctic: Evidence from the Sediment Core
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Figure 1. A top view of the Arctic Ocean showing ice distribution during the
Last Glacial Maximum and during modern times. The white area represents ice

sheet distribution, while the gray area shows sea ice distribution.
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The Arctic is one of the most climatically sensitive
and rapidly changing regions on the planet. In
studying sediments on the Arctic seafloor, to investi-
gate how the Arctic has responded to climate change in
the geologic past, scientists discovered an intriguing,
distinct layer of grey sediments in the deep-sea cores.
The layer has a sharp lower boundary, suggesting an
abrupt change in sedimentation, and the layer itself is
void of signs of animal activities, while the layer direct-
ly underneath shows evidence of a rich bottom fauna.
Could this be evidence for a giant ice-dammed lake,
which catastrophically emptied into the Arctic Ocean
and buried the creatures living on the seafloor at the

end of a previous glacial period?

The message from the Arctic

The Arctic Ocean is the coldest and most desolate
ocean on Earth. It is unique amongst the world’s
oceans due to the perennial sea-ice cover, abundant
freshwater input, and limited exchange to the Global
oceans through the Bering and Fram Straits (Figure
1). It is also changing more rapidly in response to glob-
al climate change than many of the other oceans of the
world.

Marine sediment cores allow scientists to reconstruct
past environmental conditions in the Arctic. This is
because terrigenous material is being eroded and trans-
ported by rivers into the ocean. In theory, the seafloor
acts as a huge archive that records environmental

changes of the surrounding land masses. Scientists
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challenge the extreme conditions of the Arctic using
icebreakers to slowly travel through thick sea ice, and
reach as far as the North Pole, in the center of the Arc-
tic Ocean. Geologists then use coring tools to sample
invaluable sections of sediments from the seafloor (Fig-
ure 2 a-b). The different layers in the sediment contain
pieces of information on how the climate and the envi-
ronment in the Arctic have changed through warmer
and colder periods of the past.

When investigating some of these sediment cores,
scientists observed a distinct gray colored layer with a
sharp lower boundary, which was deposited during
the last glacial cycle (Figure 2 ). The color and com-
position of this layer was distinctly different from sur-
rounding sediments, and the sharp lower boundary
suggested a sudden change in sedimentation. These
observations raised several questions: How does this
layer form? What caused this apparently abrupt event?
If this was a large and previously unknown event, how
did it influence the Arctic Ocean and the global cli-

mate system?

Marine sediment analysis — What X-ray radio-
graphs can tell

After the sediment cores were retrieved from the
seafloor, they were split into two halves: one half is
routinely archived for future research, and the other
half was analyzed using a variety of techniques. One
efficient way to study marine sediments is through

X-ray radiography (Figure 2 c-f), which operates using
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Figure 2. Simplified diagram

()

showing the process of collecting
marine sediment cores. (a)—(b)
The icebreaker uses the coring
tool to obtain sediment core from

the seafloor, then continues the

sampling onboard. (c) The core
is then split into two halves. (d)
One half is archived. (e) The
second half is used for X-ray
analysis, but first a digital image
is taken. (f) A thin sediment
slab is cut out with the help of a
plastic box. (g) Finally, the slab
is X-rayed and the image can be

used for analysis.
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the same principle as when tak-

ing an X-ray at the hospital.
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Higher density of some objects,
like bones or rocks, will show

up as white color, while objects

with lower density, like muscles
or mud, are evidenced by gray
or black colors.

If we look at the radiographs
of the cores (Figure 2 g), we can
see three distinct features: small
white spots, stacked horizontal .
layers, and the twisting and <

turning traces left by organisms

living inside the sediment. The

~ S| ey

~

Bioturbation
A

—
pu—

Bioturbation
within layers

RS ) The trapped animals
ﬁ\ underneath
'|

Now, let’s look at a radio-

! ~| ure 3). In this example, we

| | Ice-rafted debris

graph of the gray layer (Fig-

| \ckNIgEzEE)  can see the very sharp lower
\
f \ boundary, and the composi-
|
Illl tion of the sediment below
|
Boundary(TaBi25%) and above this boundary

Escape Traces

- show striking differences.
(EREMmERLR)

Below the boundary, there is

= only little ice-rafted debris
L . .
(EVDiE R (small stones) within the

sediment, while bioturbation

or trace fossils are abundant.
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small white spots are pebbles

Figure 3. The radiographs of the gray layer on the

In at least one core, a long-

left, with its description on the right.

called ice-rafted debris, which

is terrigenous material so large that it must have been
transported by floating pieces of ice, such as ice floes or
icebergs, and then deposited in the ocean when the ice
melted. The stack of layers formed when material sus-
pended in the ocean slowly deposited on the seafloor.
This kind of orderly sediment is the one best suited to
record the surrounding environmental and climate
changes. The twisting and turning trace fossils are not
easily observed in the soft marine sediment, but are
clearly visible in the radiographs. Because the trace fos-
sils record the behaviors of the animals in the sediment,
they can reveal what activities the animals were engag-

ing in, such as moving, feeding, boring, escaping etc.
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curved trace opening upward
lies just below the boundary, suggesting that it is an es-
cape trace formed when the animal tried to avoid being
buried by the coarse sediment being deposit on top of
it. Above the boundary, the sediment contains large
amounts of ice-rafted debris, and there are no signs of
bioturbation or trace fossils. However, if we continue
looking up along the core, the amount of ice-rafted de-
bris gradually decreases, and bioturbation returns.

This sequence suggests that when the gray layer was
deposited, something dramatic happened! Something
must have changed the marine environment completely
at that time. One hypothesis is that a huge flood oc-

curred, delivering vast amounts of fresh water and sedi-
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ment into the Arctic Ocean. The strong current associ-
ated with this event eroded the seafloor, and the animal
underneath was imprisoned by rapid deposition of the
covering sediment. After this dramatic event, sedimen-
tation gradually returned to normal and animals colo-
nized the seafloor again. Such a dramatic event in the
Arctic region can most likely be related to an outburst
flood from an ice-dammed lake that formed during the
growth of terrestrial ice sheets during a past glacial pe-

riod.

What the Quaternary geologist thinks
— An ice-dammed lake drainage?

This scenario is actually supported by research on the
history of the Eurasian ice sheet. Geologists have found
lake shoreline structures and lake sediment in the Sibe-
rian hinterland, demonstrating the existence of huge
lakes in the past. These lakes formed when the expand-
ing ice sheet blocked the rivers from reaching the Arctic
Ocean, resulting in the formation of huge ice-dammed
lakes with the potential to result in massive outburst
floods. The lakes were of different sizes, and the largest
could have been greater than the largest lake today: the
Caspian Sea, which has a surface area of 371,000 km?.
A sudden change in the configuration of the ice sheet
during melting could generate an enormous outburst
flood. Therefore, some geologists believe that the enig-
matic gray layer in Arctic sediments was caused by a
sudden outburst of an ice-dammed lake that happened

during the Middle Weichselian glaciation, about 60,000
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years ago. This ice-dammed lake was probably located
on the West Siberian Plain where the ice sheet blocked
the Siberian rivers’ route to the North (Figure 4). An
event of this size must have contributed large amounts of
fresh water and lake sediment into the Arctic Ocean.
This rapid input of sediment to the seafloor was clearly
bad for the organisms living in and on the seafloor, as
demonstrated by the escape traces found in some cores.
However, could such tremendous amount of fresh wa-
ter flushed into the Arctic Ocean in a geologically short
time also have had an effect on the climate? For compar-
ison, water from a glacial lake in North America that
formed during the Last Glacial Maximum was later re-
leased into the Atlantic Ocean during the deglaciation.
This fresh water disturbed global thermohaline circula-
tion and is believed to be associated with the Younger
Dryas cooling event. However, would the Siberian out-
burst cause the same result as the Younger Dryas event,
or was it a more local event? The answer is open to spec-
ulation unless we find solid evidence to show that the

layer actually came from Siberia.

Additional reading - The Younger Dryas

The Younger Dryas, a global cold event that lasted
from 12,800 to 11,500 years ago, is a climatic rebound
that happened when the Earth’s climate was gradually
warming after the last ice age. It is named after a gla-
cial tundra indicator wildflower Dryas octopetala, which
was widespread and replaced the forest in the north

during this time. B

27



