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If you could time travel to the central U.S. 300 million years ago, you

would find yourself at the equator of the supercontinent Pangea.

At first you might enjoy a warm climate, surrounded by seas filled

with life. But, after some millions of years, the seas would vanish as

the climate turned increasingly hot, dry, and hostile. Billowing dust

would engulf you, and nearly all life on Earth would vanish in an event

called the Great Dying. How do we know? Geoscientists reconstruct

past landscapes and climates by drilling into ancient sediments—tiny

grains of sand and silt. These tiny particles tell us how fast the

mountains rose and which way the wind blew. Microscopic fossils

reveal water and air temperatures. And miniature bubbles trapped in

salt preserve actual fossil water, from nearly 300 million years ago.

Travel back in time with us to explore the Great Dying.
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EARTH’S CLIMATE: PAST, PRESENT, AND FUTURE

Around 250 million years ago, during the Permian geologic time
period, there was a mass extinction event called the Great Dying
[1], during which life on our planet almost came to an end. Ninety
percentage of life in the oceans and 70% of life on land vanished.
Changes in Earth’s climate system leading up to this event were very
extreme. There was dramatic global warming and a huge change
in Earth’s atmosphere and the oceans. This time period is the only
example we have of the complete melting of Earth’s ice caps during a
time when there was a diverse and healthy ecosystem on land. How
do we know all of this?

Sedimentary rocks record the history of climate change, even climate
SEDIMENTARY

ROCKS

Form when small
particles of minerals,
ancient animals or
plants, or other rocks
are bonded together.

change that happened hundreds of millions of years ago. Learning
about the past helps us understand the processes that cause the
climate to swing in di�erent directions. This helps us prepare for the
future and how our planet might respond to climate change. For
example, Earth currently has ice caps at both the north and south
poles, and researchers have been looking to the Permian to learnmore
about how our planet and the life it hosts might change in response to
the melting of those ice caps. However, it is important to remember
that the future is not a direct copy of the past.

CLUES FROMCORES: THE ROCKS TELL THE STORY

The rocks tell the story. For example, if the climate was dry and
dusty, the dust fell to the ground as a record of that dusty time.
Or, if seawater covered the land, shells and bones of ocean animals
settled down onto the seafloor and recorded hints of what the sea
was like. These particles settled into layers, became buried by more
layers, and, over millions of years, hardened into sedimentary rock.
Today, geoscientists can drill into these rock layers and remove a core

GEOSCIENTIST

A Geoscientist is a
person who studies
some part of the Earth
and planetary
systems—the air, water,
rocks, soils, and
ice—and how humans
interact with
these systems.

CORE

A core sample is a
cylinder of rock or mud
collected by inserting a
long hollow tube or
pipe into the Earth’s
surface and removing
the materials inside.

sample. A core sample is a long cylinder of rock only a few cm (or
inches) wide that can be more than 1.5 km (a mile) long! Core samples
are collected using a big, tower-like drill that is operated by a large
crew of people (Figure 1). Geoscientists can read the story of how the
climate and landscape changed over this very long time in the layers
of rock in the core. The oldest material, and therefore the beginning of
our story, is at the bottom of the core. The youngest, or most recent
part of the story, is at the top, closest to the Earth’s surface. Our story
begins in ancient Oklahoma.

PROJECT DEEP DUST: ROCK CORE FROM EQUATORIAL

PANGEA

The shape of Earth’s land has changed over time because continents
are constantly moving. If you could time travel to the central U.S. 300
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Figure 1

Figure 1

A drill rig at Earth’s
surface digs into the
rock below. (A)
Cut-away view of the
rock core inside the
drill pipe. This is the
sample that will be
pulled to the surface
for geologists to study.
(B) The drill bit at the
end of the long pipe
has tiny diamonds in it
that are hard enough to
cut through rock. The
hole in the middle of
the drill bit cuts a circle
in the rock, leaving a
long cylinder of rock
inside the pipe—this is
the core sample.

million years ago during the Early Permian, you would find yourself
at the equator on the supercontinent named Pangea. This massive

SUPERCONTINENT

A supercontinent is a
giant landmass that
includes many or all of
the existing continents
on Earth today.

continent included what we now know as North and South America,
Africa, Europe, Antarctica, Australia, India, and Siberia—combined
(Figure 2). The enormous forces that pushed the continents together
caused mountains to rise.

These mountains arose in the center of this supercontinent, along
a line that stretched from Europe and northwest Africa, along
eastern North America, and into central North America—what is today
Oklahoma. Layers of sedimentary rock formed from tiny grains of sand
and dust that washed down from these ancient mountains millions of
years ago.

Our team is planning an expedition to collect new rock cores from
Oklahoma, to learn about how and why the climate changed during
the Permian. We are naming our project Deep Dust because we plan
to drill deep—over 1,500m—into rocksmade of ancient dust [2], which
provide a continuous record of how life and climate at the equator of
Earth’s largest continent evolved through a time of dramatic planetary
change.What dowe hope to find in these cores? Let us start with some
history of the past.

EQUATORIAL PANGEA IN THE PAST

During the Early Permian period, the Earth cycled between cold
glacial periods and warm interglacial periods. Ice caps grew during

GLACIAL PERIOD

A glacial period is a
time in Earth’s history
when glaciers and ice
sheets are common on
Earth’s surface.

INTERGLACIAL

PERIOD

An interglacial period is
a time in Earth’s history
when glaciers and ice
sheets are rare on
Earth’s surface.
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Figure 2

Figure 2

Continents are always
moving. These maps
show how the shape of
the continents 300
million years ago,
during the Permian
period (bottom), was
very di�erent from their
shape today (top).

glacial periods, which caused sea levels to drop, sometimes over
100m (100’s of feet), as Earth’s water was locked away in ice. During
this time, equatorial Pangea was home to a rich coastal ecosystem
busy with insects, amphibians, and reptiles. As ice melted during
warm interglacial phases, sea level rose, and the area transitioned
to a shallow sea overflowing with life. Sea creatures covered the
seafloor, and ancient animals swam through the warm waters. As
the climate cycled through these warm interglacial and cold glacial
periods, sea level rose and fell accordingly. The diverse ecosystems
shifted back and forth as the animals and plants migrated along with
the shoreline.

Over tens ofmillions of years, the heat of Earth’s interior began to build
up beneath the giant supercontinent. This heat caused the land to rise,
and the shallow seas disappeared from equatorial Pangea’s shores.
Air temperatures began to rise, ice melted, and the supercontinent
dried out, creating large deserts across the equator. Extreme winds
ripped across the land as the climate turned increasingly hot, dry, and
hostile. Salty, acidic lakes and cracked earth covered the landscape
[3]. Billowing dust storms engulfed the region, and nearly all life on
Earth vanished in the Great Dying. What does this look like in a
core sample?
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THE BOTTOMOF THE CORE: EARLY PERMIAN

Rocks at the bottom of the core from Oklahoma tell us about the
beginning of the Permian period. We find layers of rock that formed
in oceans, on land, and in lakes (Figure 3). These layers formed as the
sea level rose and fell. We also find fossils. In rocks that formed in lakes,
fossils of insects are found [4]. Although a core sample might not have
the bones of an entire fish, there are many fossils of tiny sea creatures
in the cores (Figure 3). These little creatures were the shape and size
of a grain of rice and lived in shallow, clear water. Fossils of ancient
marine animals found in the cores paint a picture of healthy and diverse
ecosystems in equatorial Pangea 300 million years ago, when shallow
seas were common.

Figure 3

Figure 3

In a core, the oldest
rock is at the bottom
and the youngest is at
the top. (A) Marine
fossils from the early
Permian are evidence
of a healthy ocean
ecosystem. (B) Ancient
soils from the early
Permian supported a
diversity of insect,
reptile, and amphibian
life. (C) Salt found in
later Permian rocks
indicates a dry, hostile
environment. (D) This
microscope image
shows the square
pockets of fossil water
trapped in salt that
record temperatures of
over 150◦F!

Not all fossils are the remains of ancient animals. During the cooler
glacial periods, the seas disappeared, and a di�erent kind of fossil
formed—ancient soil. Soil is material at Earth’s surface that supports

SOIL

Is the uppermost layer
of the Earth’s surface
that supports plant life.

plants and other life. Traces of roots from Permian plants can be seen
in ancient soils. These soils can also be identified by theminerals they

MINERALS

Are non-living solids
that have unique
organized internal
structures and occur
naturally on Earth.

contain. For example, ancient soils with a lot of clay suggest the area
was warm andwet and could support healthy plant life (Figure 3).

THEMIDDLE AND TOP OF THE CORE: A GRADUAL

CHANGE

Higher in the cores, we see di�erent kinds of rock. This represents a
time closer to today, during themiddle Permian. Themarine fossils and
deep soils are gone. Instead, we see minerals that form when water
dries up, like salt (Figure 3). If you leave a glass of salt water out in
your kitchen and wait for the water to dry out, you find crystals of salt
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left behind. And if you look closely enough, you might notice the salt
crystals form perfect cubes.

The salt in the cores of the middle Permian formed as the region dried
to become a desert, and salty lakes formed. As the salt crystals grew,
they trapped tiny pockets of lake water. Because the salt grows as
a cube, the pockets of water in the crystals also form cubes, which
look like squares under the microscope (Figure 2). The tiny square
bubbles preserve ancient water that dates from nearly 300 million
years ago! Today, we can study this ancient water and learn about air
temperatures when the crystals formed. From this, we know that the
surface temperature reached over 73◦C (163◦F) during the day at the
equator in this interior region of Pangea [5]!

Eventually the climate became too hot and dry for even salt to form.
By the end of the Permian, only wind-blown dust is present in the
cores [6]. The rocks provide a glimpse of this dusty and dangerously
hot landscape in the center of Pangea.

BECOMING A GEOSCIENTIST

Project Deep Dust will collect new core samples from Oklahoma to
help us learn details about how and why the climate changed during
the Permian—but you do not need a giant drill to learn about Earth’s
past. All the rocks around you can tell stories if you learn how to read
them. Learning about rocks is more than just identifying and sorting
them into groups. If you become a geoscientist, you can use rocks to
read the story of Earth’s past—from thousands to hundreds of millions
or even billions of years ago—including fossils that show how life on
Earth has changed through its history. Study of the “deep” past gives
us a look at the alien landscapes of ancient Earth.
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Soreghan, G. S., Beccaletto, L., Benison, K. C., Bourquin, S.,
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YOUNG REVIEWERS

ABDUL HADI, AGE: 13

My name is Abdul Hadi and I am originally from Syria. I love to play soccer and have

been at YSA for 1 year. My favorite thing to do is to be with my friends. I also like to

ride my bike and farming. In the future, I would like to become a doctor.
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I am Fathia from Syria. I love swimming and going to the gym. My favorite thing is

studying and learning the English language. I also love running. I want to become a
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Hello everyone I am hadil, a young reviewer I am very interested in natural and

geological phenomena that happen and I am curious to knowmore while remaining

with positive energy.
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Hi dear, my name is Louay. I am 13 years old. I am a student in a school called “Le

Giratoire”. My favorite subjects are physics and chemistry. So, because I like physics
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My name is Mohammed. I am from Syria. I love reading and practicing sports,

especially soccer. Life has taught me to be active, loving, friendly, cooperative,

respectful, and to avoid selfishness and lying. My goal in the future is to have higher

degrees in computer science and learn all about it, and I will achieve that.

NATHAN, AGE: 11

My name is Nathan, I am in 4th grade and I like to play videogames and watch anime.

When I grow up I want to be a soccer player. My favorite subject at school is math. I

cannot wait to be in 5th Grade and have Science classes. My favorite color is purple,

my favorite food is guacamole and my favorite animal is the white tiger.
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