EARTH AND ITS RESOURCES
Published: 01 November 2021
doi: 10.3389/frym.2021.599596

HOW THE EARTH RECYCLES
Christine Newville 1* , Donna L. Whitney 1 , Patricia Kang 1 , Natalie H. Raia 1 and Katherine F. Fornash 2
1

Department of Earth & Environmental Sciences, University of Minnesota, Minneapolis, MN, United States

2

Department of Geological Sciences, Ohio University, Athens, OH, United States

YOUNG REVIEWERS:
HEIDI
AGE: 14

MAYA
AGE: 13

Recycling is not just for plastic. Did you know that the Earth recycles?
Recycling happens because the outer part of the planet is made up
of large moving pieces of rock. Some of these pieces, called tectonic
plates, sink deep down into the Earth. The deeper they go, the more
heat and pressure they experience. This causes chemical reactions,
including melting of the minerals that make up the rocks. Elements
and water trapped inside the melting minerals are released and erupt
from volcanoes, returning to the surface. The Earth has recycled! In
this article, we present new research on a mineral called lawsonite.
Lawsonite only forms in plates that dive into the Earth. Lawsonite
has returned to the Earth’s surface in a few rare places where we
can collect and analyze it. The composition of elements inside the
lawsonite mineral help us understand the deep part of the Earth
recycling system.

HOW DOES THE EARTH RECYCLE ELEMENTS?
The rocks that make up our planet may seem old and indestructible.
However, given enough time, they change and break down. Rocks
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METAMORPHISM
A change in the
minerals, texture, or
composition of a solid
rock. This process may
occur due to pressure
or temperature
changes or the
introduction of water
or other ﬂuids.

TECTONIC PLATE
A large slab of solid
rock that ﬂoats on top
of Earth’s mantle.
Tectonic plates form
the world’s continents
and oceans and are
between 15 and 200
km thick.

RIFT
A linear gap in oceanic
or continental crust
where tectonic plates
move apart.

SUBDUCTION
The process by which
one tectonic plate sinks
below another plate.

LAWSONITE
A metamorphic mineral
that forms in
subduction zones. It
contains high amounts
of water and the
elements Ca, Al, Si, O,
and small amounts of
other elements.

How the Earth Recycles

are like chocolate chip cookies. Cookies (and rocks) are made of
various ingredients. A cookie contains chocolate chips, sugar, ﬂour,
and salt. These can be compared to the minerals that make up rocks.
The minerals are made of elements. Think of it like this: elements
(such as oxygen, carbon, sodium) make up minerals (ﬂour, sugar, salt,
chocolate chips) which make up rocks (chocolate chip cookies). The
minerals in a rock change when heated, just as cookie batter changes
when you bake it. Other changes happen when minerals react with
hot water or are squeezed at high-pressure conditions. In nature, this
change is called metamorphism. If you could watch a mineral for
millions or billions of years, you would see these changes. You would
need more than time, though. The Earth’s recycling system is difficult
to see because it occurs deep underground. To observe it, you would
need to be able to see under the oceans and into the ground, because
many of the changes happen inside the Earth.
Recycling occurs because our planet is in motion. The Earth is covered
in large moving pieces, called tectonic plates. Sometimes these are
just called plates. The crust of continents and oceans is the top part
of these plates. Plates can move toward each other or away from
each other, and both types of plate motion drive the planet’s recycling
system. How does it work? Where plates move apart, the gap, called a
rift, is ﬁlled by hot rocks and lava that rise up from below. Where two
plates move toward each other, the older, denser plate will dive under
the other. This is called subduction. This cycle of formation (at rifts)
and destruction (subduction) of plates renews the Earth’s supply of
minerals, water, and other essential materials. This takes many millions
of years, so humans can never see the whole recycling process.
Subduction can be seen as a “factory” because raw materials (minerals)
go in, the Earth works on them, and then something different comes
out (Figure 1) [1, 2]. The process starts under the oceans, where the
raw material of the “factory” is formed at rifts in a plate. In the rift,
new rock is created and added to the plate. When the plate eventually
becomes old and dense, it subducts into the Earth, where minerals are
buried and heated (metamorphosed) until they break down. When the
minerals break down, they release trapped water and other elements.
Some minerals in the rocks melt. These products of the “factory” make
their way back to the Earth’s surface in melted rock and gases.
One way to study this recycling process is to analyze the lava
and gases erupted by volcanoes. Another way is to ﬁnd rocks that
were subducted and then brought back to the surface. These rocks
escaped melting and other breakdown processes. The minerals in
these rocks contain clues about the recycling process. We can
analyze minerals that still contain water and other elements. One
of the most useful minerals for investigating the subduction factory
is lawsonite. Lawsonite is a water-rich mineral that only forms in
subducting rocks.
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Figure 1
The features of a
subduction zone. A
tectonic plate with
sediments and oceanic
crust at its top dives
below another tectonic
plate. As the
subducting rocks heat
up, new minerals
become stable. One of
these new minerals is
water-rich lawsonite.
Some water-bearing
minerals break down in
subduction zones and
release water, which
causes melting in the
hot mantle rocks
above. This melted
rock rises, erupts at
volcanoes, and releases
gases to the
atmosphere. The
elements in these
materials then return to
the ocean and oceanic
crust, and the cycle
repeats.

Figure 1

STUDYING LAWSONITE TO LEARN ABOUT EARTH
RECYCLING
Newly-formed rocks in rifts deep in the ocean react with hot seawater,
forming new minerals that contain water. Later, when these minerals
are subducted, they undergo more reactions. This is how water-rich
lawsonite forms during subduction (Figure 1). Lawsonite is important
because it contains a lot of water and other important elements,
including tiny amounts of uranium and lead. Each of these elements
is important in Earth recycling, even in small amounts. Lawsonite
carries these elements tens to hundreds of kilometers into the Earth.
When lawsonite reacts with other minerals and starts to break down,
it releases water and other elements. Water is the ingredient needed
to melt the hot rocks that are above the subducting plate. This triggers
the next step in the element recycling process, as magma (melted
rock) transfers elements and water from the inside of the Earth to
the surface. Since lawsonite is an important contributor to the Earth’s
recycling process, we can study it to understand how the deep parts
of the “factory” work.
Geologists still do not know a lot about lawsonite because it is only
stable in subducting plates. No other place in the world has the
right combination of pressure and temperature for lawsonite to be
stable. Also, lawsonite easily breaks down to form other minerals. So,
despite its great abundance deep underground in subducting plates,
we almost never see it in rocks at the Earth’s surface [3, 4]. This is
good for the planet, but not so good for geologists who want to
study it! Fortunately, lawsonite does occur in some rocks, so we can
kids.frontiersin.org

November 2021 | Volume 09 | Article 599596 | 3

Newville et al.

How the Earth Recycles

Figure 2
To study rocks,
geologists cut rock
samples into
rectangular pieces
called billets. We glue
the billet onto a glass
slide and grind it down
and polish it until the
rock slice is so thin that
light can pass through
the minerals. Here are
some
lawsonite-containing
rocks, as they appear
through a microscope.
(A) A photo of an
eclogite; (B) sketch of
eclogite; (C) A photo of
a blueschist; (D) sketch
of blueschist. The
various minerals
contained in these
rocks are listed in the
key.

Figure 2

collect it and study it. Lawsonite mainly occurs in rocks from plates
that were subducted to low or medium depths in the Earth. These
rocks are called blueschists because they contain a distinctive blue
mineral (Figure 2). Lawsonite can also occur in rocks called eclogite
that form at greater depths (Figure 2). There are <20 places in the
world where lawsonite occurs in the deep rocks [5], including Turkey,
Corsica (France), British Columbia (Canada), the Dominican Republic,
Guatemala, Australia, and the Alps. In addition, there is an interesting
place in Arizona (USA) where pieces of lawsonite eclogite from a
subducted plate have erupted from a now-extinct volcano.

WHAT CAN WE LEARN FROM THE COMPOSITION OF
LAWSONITE?

ZONING
Variation in the
composition of a
crystal of a mineral,
resulting from
changing conditions
during its growth.

As lawsonite forms, it inherits the elements of the rock it grows in.
However, lawsonite can also change in composition as it grows. As a
result, one part of the lawsonite crystal may have different amounts
of particular elements than another part. This is called zoning. Like
the tree rings that grow during the lifespan of a tree, mineral zoning
provides a record of information about the chemical reactions, ﬂuids,
and elements involved in the recycling process. For example, zones
resulting from different amounts of the element chromium in a
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Figure 3
Growth of a crystal of
lawsonite during
subduction. In stage 1,
a crystal grows from
the elements around it.
In stage 2, the elements
available to feed the
growing crystal have
changed because the
rock is at a different
depth and temperature.
Fluids help transport
elements into or out of
the rock. In stage 3, the
crystal keeps growing
at greater depths,
recording its changing
environment. The
false-color image,
obtained with an
electron microscope,
shows variations in the
element chromium (Cr)
in a lawsonite crystal.
Red indicates higher
amounts of Cr, and
green indicates lower
amounts (Image
modiﬁed from [5]).

MANTLE
A large volume of hot,
dense rock that lies
between the crust and
the iron-rich core of
the Earth.

Figure 3

lawsonite crystal might indicate that a ﬂuid containing dissolved
chromium interacted with the lawsonite crystal at certain times, but
not at other times (Figure 3). We can try to ﬁgure out where possible
sources of chromium in the deep Earth recycling factory might be,
such as the hot, dense rock called the mantle, which is located directly
above the subducted plate.
Why would the amount of chromium have ﬂuctuated as the lawsonite
crystal grew? Geochemists do not yet know the answer to this
question. One idea is that pulses of ﬂuid move through the rock when
there is an earthquake deep in the Earth. If this is true, then lawsonite
composition and zoning is a record of dramatic chemical and physical
processes that occurred in the Earth’s past.

SUMMARY
Life on Earth is possible because of the recycling of water and elements
through the tectonic plate system. As plates subduct, elements from
the Earth’s surface move to the interior of the planet in minerals. When
these minerals break down, the released elements make their way to
the Earth’s surface through magma and gases that erupt at volcanoes.
Studying the composition of minerals such as lawsonite is important
because we can discover more about the recycling process that takes
place deep underground where we can not see it directly.
How the Earth recycles affects the composition of the Earth’s rocks,
air, and ocean. If the Earth recycled faster or slower–or not at all–the
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planet would look very different. For the same reason, minerals that
make up the outermost solid layer of the Earth, called the crust, would
have different compositions depending on the recycling process.
These minerals are the raw materials for technology, medicine,
agriculture, and many other uses. For example, a mineral like copper is
used in coins and electrical wire. Just like vitamins, calcium, and iron
are important nutrients for your body and also for plant growth. No
matter where you are when you read this article, you are using and
surrounded by minerals, a result of the ongoing recycling process of
our planet.
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things. I enjoy spending time with my family and hanging out with my cat.

MAYA, AGE: 13
Hello, my name is Maya and I love to play sports like: Volleyball, golf, swimming, and
more. I also love math and science. I have always been good at both of subjects and
I ﬁnd them both very fascinating. I also love to hang out with my family, friends, and
my loving cat.
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