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Geologists are curious to learn what the Earth was like when the
planet was young. We want to know about temperature, beaches,
JUDE soils, climate, rivers, meteorite impacts, and volcanic activity because
AGE: 15 these factors determined how and where early life could exist. Only
the oldest sedimentary rocks have this information, but these are

YOUNG REVIEWERS:

:2::(:3 usually covered by younger rocks. Old sedimentary rocks that still

“tell a good story” about the history of the Earth are rare. We studied
TOM some of these. They are an unimaginable 3.2 billion years old and
AGE: 10 are found in the Makhonjwa Mountains near South Africa’s border

00~

with Eswatini. We had to drill into the Earth to get to them because
the surface is covered by forest and grassland. Sedimentary rock
layers in these mountains do not lie flat anymore but are vertical,
and sometimes even flipped over. To drill through as many layers as
possible, we had to drill sideways!
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SEDIMENT

Natural material that is
broken down by
weathering and moved
by wind, water, ice or
gravity. Other sediment
(like salt) crystallizes
and settles from water;
coal may form from
plants. Sand and mud
are common
sediments.

SEDIMENTARY
ROCK

A sediment in which
the grains or minerals
are compressed and
connected by other
minerals to each other,
forming a solid rock.
Common sedimentary
rocks are sandstone

or limestone.

ROCKS CAN HOLD SECRETS OF EARTH'S PAST

Earth is a very old planet. Life on Earth formed early, but we still
do not know how. At first, the Earth and its climate were very hot,
but the earliest bacteria soon managed to take carbon dioxide (CO»)
out of the atmosphere. This reduced the temperature and, from
then on, CO,-consuming life has kept Earth’'s surface temperature
surprisingly constant for more than 4 billion years—even as the planet
itself gradually cooled off. This gave life the long time it needed to
slowly become more complex and larger: first fungi evolved, then
amoebae, then plants and sponges, then larger animals all the way
to giant dinosaurs, and now humans!

We do not know any other planet where life exists. Therefore, we do
not know whether itis difficult or easy for bacteria to evolve the surface
of an "empty” planet and gradually spread, as they have done here on
the Earth. Does this occur only rarely or is it common? How would we
learn about this?

Much information lies in sediments that wash down from hills and
mountains; are transported to the coast by water, winds, or glaciers;
and are then deposited at the coast in flat layers. Other sediments may
form when water evaporates, as they settle out in the form of tiny
crystals. These sediments form what are called sedimentary rocks.
But a lot happens at the surface of our planet: continents split and
collide, and mountain ranges form. Most old sedimentary rocks are
squished, have changed their composition, or have even melted to
become granite! Other sedimentary rocks tilt, form big folds, or even
end up in an upright position (Figure 1).

Very old sedimentary rocks only exist in a few locations, but they can
teach us a lot. From sedimentary rocks, we can learn about ancient
flowing rivers, tides, storms, temperatures, the composition of the
atmosphere, and even the wind speed [1]. The oldest sedimentary
rocks are 3.2 billion years old and lie in the Barberton Makhonjwa
Mountains of South Africa and Eswatini (Barberton is a small town at
the foot of the mountains). Because many of the rocks there are green,
geologists call this region the Barberton Greenstone Belt [2].

LEARNING ABOUT “EMPTY"” EARTH

We know that Earth was a very different planet back when ancient
sedimentary rocks were forming. It would have been unrecognizable
to us today: Earth rotated almost twice as fast, so days had only 13
h—lots of sunrises and sunsets! Also, the Moon was much closer, tides
were probably higher and may have reached much farther inland, and
Earth was covered with many active volcanoes. If animals had existed
(which they did not), the sun would have burned their skin within a few
minutes. There were no plants yet, and the air had no oxygen [1].
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Figure 1

(A) Rock layers that
were once flat can be
affected by forces
acting on the Earth’s
surface and become
tilted or even upright
over time. (B) An
example of tilted but
weathered rock layers.
(C) The unweathered
rock layers from the
Barberton Greenstone
Belt which we want to
study are tilted but
hidden beneath the
soil.

UNWEATHERED

A rock not affected by
rain, air, animals, plant
roots, or bacteria at the
surface. Most rocks
near the surface are
weathered. To get
unweathered rock, one
often has to drill

a borehole.

BOREHOLE

A narrow round shaft
bored in the ground,
often vertically but
sometimes inclined or
even horizontally. This
may be done for finding
water, petroleum, or
natural gas, or to
investigate the rock.

Stacked
sedimentary rock layers
are flat when they form

Earth's forces can compress or stretch rock
layers so they are no longer flat

Layer 2: Younger

Figure 1

We wanted to know more about the conditions on this "empty” planet
that led to the appearance of life. Was Earth back then a deadly place?
Or was it just gray and foggy? Answers to such questions come from
carefully comparing the ancient rocks with what we see in the modern
world. For example, a fossilized raindrop imprint on former mud would
perhaps be a hint about ancient rainy weather. Fossilized rock with a
rippled surface would hint at the presence of flowing water. Cracks
in the rock would indicate that wet mud had dried out, and so on
(Figure 2). The minerals in the rock also indicate what kinds of salts
the early oceans had, whether there was oxygen in the air, and which
type of soil formed.

But many of these comparisons can be done only on rocks that are
still protected from rain, heat, and cold. They must be unweathered
and as close to their original composition as possible.

WHERE TO DRILL?

We knew we needed to drill into the Earth to get to the rock layers we
were interested in, because those rocks are now covered by forest and
grassland. First, we had to figure out the best place to drill [3]. We met
with other interested scientists to look at the rocks in the Barberton
Greenstone Belt, discussed advantages and disadvantages of each site,
and then voted where to drill. We decided to drill 8 boreholes, which
would allow us to sample rock types that made up ancient rivers, sandy
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Figure 2

“Reading” history in
sedimentary rocks.
Images in the upper
row are from today’s
sediments; images
below are from very old
rocks. (A) Raindrop
imprints. Rock in the
lower row is about 290
million years old. (B)
Cracks which grew
when mud dried out.
Rock in the lower row
is about 3,220 million
years old. (C) Microbial
mats made from dense
growth of bacteria;
coin for scale. Rock in
the lower row is about
3,221 million years old.

CORE

The long string of rock
that has been drilled
through. The core is
then investigated.

Figure 2

coastlines, the shallow ocean, volcanic rocks, ancient soil, and a delta
where the river met the sea.

We then had to ask for permission to drill on other people’s land.
Because our drill sites occur in a conservation area, and because past
drilling near Barberton was often done to find gold, we had to convince
the Barberton community that we were interested in understanding
the rocks, not in finding gold [4]. After many presentations, people
gradually realized that our results would not lead to the opening of
new mines within their beautiful region.

At the same time that we were making these preparations, we were
also getting the money together to drill and making sure that the
places we had chosen were really the best ones.

DRILLING

In Barberton, we organized places to live for a year, so that we could
work every day (Figures 3A-C). As we mentioned, sedimentary rock
layers in these mountains do not lie flat anymore but are vertical,
and sometimes even flipped over. Luckily, the drillers knew how to
drill sideways, which was good because some of the rock layers were
standing on end and we wanted to access as many rock layers as
possible. Our boreholes were each between 280-500m long. Each
borehole took about 6-10 weeks to drill.

Sometimes, the cores the drillers pulled out of the ground were
cracked or weathered, making them impossible to study, but often
they were just what we had hoped for (Figures 3D—-F). Once we
had the cores, we had to cut them in half neatly, right down the
middle, so that we could see the layers more clearly. Then we had
to label, photograph, describe, and store them. After 9 months, we
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Figure 3

The story of a drill core.
(A) Drill site in the
mountains. (B) Moving
the core trays. (C)
Phumi explaining the
rock layers in the core
to school children. (D)
The black lines in the
sandstones of this drill
core were once
microbial mats. (E) Thin
layers of shale
represent the tides near
a former coastline. (F)
“White gravel” consists
of soft volcanic rock.
(G) Loading more than
500 boxes with rock
cores to be moved to
the laboratories. (H)
Rock cores in storage
(a "core library"). (1) Our
team, discussing who
will do which analyses.

Figure 3

had filled more than 1,000 black plastic boxes with neatly described
rock. The 500 boxes with the right halves of the cores stayed in South
Africa, and the 500 boxes with the left halves were loaded in two
shipping containers and shipped to Berlin, Germany, to be studied
there (Figures 3G-1).

WHAT HAVE WE LEARNED SO FAR?

So far, we have learned that we indeed drilled through sediments
that had been deposited in various ancient regions: at the foot of
mountains, in rivers, in deltas, in tidal flats, along shorelines, even
beneath deep ocean water. We can tell that there were tides from
the sediment layering patterns [5] (Figure 3E). We may even be able
to tell when the moon was full vs. when it was not! We can see that
there were lots of volcanic eruptions, and much volcanic ash rained
down and became mixed with the sand grains (Figure 3F); sometimes,
the sediment had been outright soupy! Between the water-filled delta
channels, there were regions that were only flooded once or twice a
day but remained dry otherwise; bacteria grew especially well there
and made thick layers that even contained air bubbles. Some bacteria
may have grown near hot springs with boiling water.
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WHAT IS NEXT?

As our research continues, there will be about 50 people from all
over the world working with the cores, most of them young scientists
(Figure 3l). They will try to find answers to a number of questions,
such as: In what conditions did the earliest life forms grow on Earth’s
surface, 3.2 billion years ago? How did bacteria protect themselves
from the sun'’s harsh rays? What did the bacteria “eat” and what kinds
of waste products did they produce? Was the occurrence of bacteria
exceptional and rare, or was it commonplace?

These questions will be answered by carefully analyzing the drilled
cores in laboratories around the world. The information learned from
these cores will be made available in presentations at universities and
conferences. Importantly, the knowledge will also be shared with the
people of South Africa and Barberton who live closest to this very
special part of our planet.
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YOUNG REVIEWERS

JUDE, AGE: 15

I am a big fan of both dogs and cats, | have trained my cat to walk on a lead so we
can go for walks together in my spare time. | also love music and spend a lot of time
playing my guitar. | enjoy reading about biochemistry (especially plant related) and
one day would like to study the subject at university.

NICO, AGE: 13

Nico lives in Vienna but was born in London and likes playing chess. He loves reading
fantasy books and can speak 3 languages (German, Spanish, and English) and can
say a few words in Dutch, Italian, and Hungarian. Nico plays drums in his high
school band.

TOM, AGE: 10

| was born in Madrid, and | came to Vienna 6 years ago because my mother got a
job here. | like math and biology. | read a lot of novels, and sometimes non-fiction
but not that often. | like to paint and go on my scooter.
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