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The element silicon is everywhere! In fact, silicon is the second
most abundant element in Earth’s crust. Silicon in rocks and minerals
breaks down and is transported from rivers and streams into the
world’s oceans. Many marine organisms need silicon as it is a
crucial nutrient to build their skeletons. Silicon eventually reaches
the seafloor, but its journey into the abyss is not straightforward due
to biological, physical, and chemical processes. All these processes
transport and transform silicon, creating a cycle that we call the
marine silicon cycle. The silicon cycle is directly connected to the
carbon cycle, making silicon a key player in the regulation of Earth’s
climate. In this article, we discuss why we need to understand the
marine silicon cycle, explain the steps that happen in the ocean, and
demonstrate how the marine silicon cycle affects humans.
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Figure 1

The element silicon (Si)
is everywhere in our
surroundings. It is
found in the skeletons
of organismes, in rocks,
and in some manmade
materials like glass and
concrete. Silicon is
critical for humans as
well.

SILICON CYCLE

The transfer of the
element silicon from
the earth crust, through
the rivers and oceans,
followed by its burial in
the sediment to finally
going back in the
earth's crust.

WHAT IS SILICON AND WHY IS IT IMPORTANT?

Silicon is everywhere you look! It is in the rocks beneath your feet,
the plants that help you breathe, in the skeletons of some animals,
and even in our own bodies. Therefore, silicon is an essential nutrient
that helps support all types of life. You will find silicon in almost every
living organism, from bacteria to plants and animals, on land or in
the oceans. Among the 118 elements known to exist in the universe,
silicon is the seventh most abundant. On Earth, silicon is the second
most abundant within Earth’s crust—the very upper layer of the Earth
that we live on. This means that most of the rocks we see, touch, or sit
on have silicon in them. Silicon is also everywhere inside our homes.
It is used to build walls and floors, as silicon sand is an important
part of concrete. It is a key part of electronics, and it makes up the
main ingredient in glass, like the windows that let the sunshine in
and the glasses you drink your juice and soda out of (as illustrated in
Figure 1).

Figure 1

Each element on earth, including silicon, moves from the earth crust
to the ocean and back to the earth crust, this is what we call the
silicon cycle. Scientists study the silicon cycle because it tells us about
the stability and wellbeing of our planet. Rocks and minerals on land
break down over time into smaller pieces. From there, silicon travels
in streams and rivers to the oceans, and ends up in the interior of
the Earth, creating a cycle that keeps the environment stable. Fossil
records (see this article for more info) have shown us that, for millions
of years, silicon and carbon have been linked together. But how?
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ROCK WEATHERING

The process by which
rocks, solid, and other
materials are broken
down and worn away
by the effect of wind,
water and the other
natural forces

over time.

SILICATE CARBON
SINK

This is the transfer of
carbon from the
surface of the ocean to
the deep layer due to
organisms made

of silica.

THE MARINE
SILICON CYCLE

It represents the loop of
the element silicon in
the ocean. It describes
how silicon enter the
ocean, is transformed
within the ocean and
exits the ocean.

Figure 2

In the marine silicon
cycle, silicon travels
from the land into the
oceans via rivers and
groundwater. Near the
ocean'’s surface, silicon
is taken up by
phytoplankton like
diatoms and
incorporated into their
skeletons. When these
organisms die, they sink
to the bottom of the
ocean. Along the way,
some of the skeletons
dissolve and release
silicon back into the
water, but others end
up buried in the
sediment, along with
the carbon they
contain.

The silicon cycle starts on land, via a process called rock weathering.
Rocks on Earth are naturally broken apart by water from the rain and
rivers, or by the wind. A common example is the coastline being
destroyed after a big storm passes through, but this process also
happens at a smaller scale on land, especially in the mountains. There,
water from rain and rivers mixes with rocks made of silicon (called
silicate rocks) and creates a chemical reaction that uses up the carbon
dioxide (COy) in the atmosphere. When the climate is warmer, there is
more COs> in the air. This makes it easier for CO» to react with silicate
rocks, which helps to remove CO, from the atmosphere. In this way,
silicate rocks and rain participate in the natural balance of our climate
[1]. This is what we call the silicate carbon sink [2]. It helps to balance
the amount of carbon in the atmosphere and oceans, and it can help to
reduce the effects of human impact on climate change. Weathering is
not only important for removing atmospheric CO,, but it also releases
dissolved silicon into the waters flowing into the rivers toward the
ocean. This silicon is in a dissolved form (like when you put solid sugar
or salt in water and it disappears), making it available as a nutrient for
organisms on land and in the oceans.

HOW DOES SILICON GET INTO THE OCEANS AND WHERE
DOES IT GO?

Because rivers, streams, and water within the ground eventually flow
into the oceans, the dissolved silicon in these waters also ends up
in the oceans. This is also where a new part of the silicon cycle
begins—the marine silicon cycle (Figure 2). Silicon eventually makes
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PHYTOPLANKTON

Tiny marine plant-like
organisms that live in
the water, like diatoms.
They make their own
food using sunlight and
nutrients, produce
oxygen and are an
important part of
aquatic food webs.

BIOLOGICAL
CARBON PUMP

A set of processes,
including
photosynthesis
performed by algae,
that trap or “pump”
CO2 from the
atmosphere into the
ocean, where it is
stored for a long time.

ZOOPLANKTON

Small aquatic animals
that are an important
part of the food web
and play a key role in
the carbon and nutrient
cycles of

aquatic ecosystems.

MARINE FOOD WEB

A complex system of
interrelated food chains
that exists in aquatic
environments, from
tiny plankton to

large whales.

it to the bottom of the oceans, but not by a direct path, and it takes a
very long time—maybe as much as 8,000 years [3]. In coastal areas,
river waters and groundwaters supply the top layers of the ocean
with dissolved silicon—a tasty new food for the organisms there. This
ocean layer is home to many tiny organisms called phytoplankton
that need sunlight to survive. Every spring and summer, the light from
the sun and nutrients from the rivers create perfect growth conditions
for a very important type of phytoplankton, called diatoms. Billions of
diatoms grow in every ocean worldwide, but there is one special place
on Earth where diatoms and other silicon-using marine organisms
flourish, called the Southern Ocean.

Diatoms use silicon to build their armor-like skeletons, much like
we use calcium to build strong bones. The skeleton of diatoms is
very strong compared to other phytoplankton. As diatoms grow, they
eat up all the dissolved silicon, but they also remove CO, from the
surface waters of the ocean and produce most of the oxygen we
breathe. At the end of summer, diatoms die and sink toward the
deeper layers of the ocean. Some diatom skeletons dissolve, and
some continue their journey to the very bottom of the ocean. There,
on the deep, dark seafloor, diatom skeletons get buried in marine
sediments (mostly made of mud). This means the carbon they have
removed from the surface waters is buried, too. This very important
process of CO, removal from the atmosphere by sinking diatoms is
called the biological carbon pump. Through this process, diatoms in
all of the world’'s oceans contribute to 40% of the oceanic carbon
removal [4].

Silicon is also essential for other marine organisms such as sponges,
and the zooplankton group called radiolarians (read more here). Just
like diatoms, these organisms take part in the marine silicon cycle and
help to remove CO, from the atmosphere.

HOW IS SILICON RELEVANT TO OUR LIVES?

The silicon cycle is important in our everyday lives, even though we
may not realize it. Understanding the past and present marine silicon
cycle helps us to better predict how the environment will respond to
climate change. It is especially important to understand how diatoms,
radiolarians, and sponges will react to a rapidly changing environment.
Diatoms are the first step in the marine food web. Zooplankton eat
diatoms; larger fish and whales eat the zooplankton, and so on, moving
energy up the food web. This means that if diatoms disappear from
the ocean, the entire food web will suffer. Whales would not be
the only ones without food, fishermen would be, too. This would
have a lot of consequences because more than 3 billion people rely
on fisheries.
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Figure 3

Pictures made with a
powerful microscope
(called a scanning
electron microscope)
showing examples of
the silicon skeletons of
diatoms, radiolarians,

and deep-sea sponges.

The scale bars show
how tiny these skeletal
structures are: 1 mm =
0.1cm, 10pm =

0.001 cm (Photo
credits: Lucie
Cassarino).

Diatoms need special, stable conditions to grow. The climate has
changed in the past, and so have diatoms, but these changes were
slower compared to what we are experiencing today. Unfortunately,
we have already observed a replacement of diatoms by other
organisms in some places, for example in the Baltic Sea. These
replacements disturb the food web and impact food availability for
many people (read more here).

Diatoms, sponges, and radiolarians are also helping us to create better
and more efficient designs in engineering. These organisms are great
engineers themselves. The processes they use to transform silicon into
silicon-based skeletons are of great interest. Their skeleton structures
are beautiful but also very strong. Engineers are trying to recreate
the same patterns used in the skeletons of diatoms, sponges, and
radiolarian (Figure 3), which could make building structures or fabrics
stronger. In addition, diatoms may be the perfect candidate to help
us build the next generation of solar panels because their skeleton
structure contains many holes that efficiently capture sunlight.

Radiolarians Deep-sea siliceous sponges

Figure 3

Deep sea sponges are another example of how amazing features of
nature might help humans. Scientists are studying the connection
between sponges and microbes (tiny organisms living within the
sponges), which is giving them information on new molecules that
could be used to produce human medicines. There are probably many
more ways the silicon cycle can help us in our daily lives, so scientists
have even more to discover.

In summary, the silicon cycle plays a key role in the health and stability
of Earth’'s ecosystems. It helps to regulate the levels of nutrients and
carbon in the atmosphere and oceans. This, in turn, affects the planet’s
health, which is vital for our survival and well-being. By studying the
silicon cycle, scientists can gain a better understanding of Earth's
natural systems and how they are impacted by human activities. This
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knowledge can help us to make the best possible decisions about how
we use and manage our natural resources.
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