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There once was a girl who grew up in the 
mountains, spending summers digging for 
dinosaur bones and happily hunting for cave 
crystals.

As she grew older, she learned about the 
oceans getting too warm and too harsh for 
corals and plankton to survive in.

Fires and droughts were 
becoming more frequent 
and storms unpredictable 
all around the warming 
planet.

Winters in the mountains 
weren't like they used to be. 
She wondered what this meant, 
as the familiar was starting to 
become unfamiliar. How much 
will the world change?

How much has it 
changed in the past?

So, she became a scientist and 
returned to the mountains and 
caves to try to understand the 
changes happening around the 
world.
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In search of answers, our scientist 
went to Sulawesi, an Indonesian 
island near the Equator.

Sulawesi is surrounded by some of the warmest ocean water on the 
planet and sits in the path of the Australasian Monsoon*, which 
brings critical rainfall to southeast Asia, Indonesia, and Australia.

The collision of warm water, the Monsoon, and 
other large weather systems, produces huge 
amounts of energy and transports heat around 
the Earth.

to prepare for the effects of future climate 
change, our Scientist wants to learn what 
this Monsoon was like during PAST warm 
periods.

Luckily, there are ancient rocks with coded memories that can tell us about their past.  

monsoon rain carries a 
message in each water 
droplet. 

those droplets trickle 
through soil and rock into 
caves. the water then drips...
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layer 

upon

layer... And forms a 
stalagmite.

Our Scientist carefully collects these unique 
climate archives to decode and analyze at the 
laboratory.

Using Uranium-Thorium dating, we know that stalagmites can be over 
500,000 years old. This makes it possible to learn how the Monsoon 
changed as the Earth swung between extremely cold and warm periods, 
known as Glacial-Interglacial cycles.
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To isolate brief snapshots of time, tiny samples are carefully drilled out along the central 
line of growth. These fine powders contain a chemical imprint of the water droplets that 
fed the stalagmite.

Our scientist uses very 
sensitive instruments 
to extract this chemical 
information.

1
2 3

The stalagmite powders 
are dissolved in 
 phosphoric acid and 
become CO2 gas.

Powerful magnets in the 
mass spectrometer are 
then used to accelerate the
CO2 gas around a curve, 
causing the molecules to 
separate into smaller parts.

As the elemental components zip 
through the magnet, they fan out 
according to weight (number of
neutrons) and slam into a 
collection wall at the other end 
of the mass spectrometer.

Oxygen isotopes* tell us about 
changes in past rainfall. Carbon 
isotopes tell us about past vegetation 
above the cave.

By measuring the smattering of elements, 
the information stored in layers of the 
stalagmite can be pieced together into a 
climate record.

By analyzing the oxygen isotopes of many stalagmites that grew at 
different times in the past, our scientist can combine them to form 
one long rainfall record.
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The stalagmites tell us that Sulawesi’s 
 monsoon experienced huge changes 
  in the past that coincided with Earth’s 
   cold (glacial) and warm (interglacial) 
    periods.

 During each ancient warm period, the 
  Monsoon was strong and behaved 
   much as it does today, delivering lots  
    of rainfall to Sulawesi.  

Glacial 
period
(drier)

InterGlacial 
period
(wetter)

(Land masses
exposed due
to low sea level)

In between each warm phase is a long cold 
glacial period. The Monsoon was much 
weaker and Sulawesi was much drier than it 
is today.

this consitent pattern of dry and wet cycles 
gives us important information about how 
extreme the monsoon can be... but sulawEsi 
stumps our scientist with a new mystery.

there is an important section of history missing from the stalagmite 
record. This is the most recent warm period, known as Marine Isotope 
Stage 5e. It occurred ~130,000 years ago, when earth had slightly 
warmer temperatures and sea levels were probably about 9 meters 
(30 feet) higher than today.

Wetter

drier

0 kyr BP

d18O
(Oxygen

Isotopes)

40 kyr BP 130 kyr BP 230 kyr BP 330 
kyr BP

(kyr BP = thousand years ago)

present past

PAGES HORIZONS • VOLUME 2 • 2022 49 



Understanding how the monsoon behaved during this past warm 
period will help us to better prepare for the warmer future 
that is expected if we continue on our current trajectory. 

This is especially important if the missing 
section of the record (where no stalagmite 
growth has yet been found) was caused by a 
major interruption to the climate system.

Using these amazing time-capsules, Alongside 
records from other parts of the world, our 
scientist is determined to solve the mystery 
of sulawesi’s missing warm period. 

This story of our scientist reminds us to be 
curious and ask questions. The natural 
world has a lot to say.

We are eternally grateful to the Australian Research Council for past and current funding (e.g. 
ARCDP180103762). There is a large research team behind this work and we acknowledge the enormous 
contributions from Mike Gagan, Gavin Dunbar, and Claire Krause. We are indebted to Baharudin (of 
Konservasi Sumber Daya Alam), our colleagues at the Research Center for Geotechnology, Indonesian 
Institute of Sciences (LIPI), and the staff of Bantimurung-Bulusaraung National Park (with special thanks to 
Syaiful Fajrin). We thank Hamdi Rifai for field assistance and translating the comic into Bahasa Indonesia.
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