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There’s a lot more water on 

the Moon – and elsewhere 

in the Solar System – than 

most people realise
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S
taring up at the Moon with  

the naked eye, we can forgive 

early astronomers for assuming 

the dark patches spread out 

over its surface were seas  

– or ‘maria’ as they were named, after 

the Latin word for seas. Informed by 

centuries of ever-improving observations 

and over 60 years of space exploration, 

we now know the maria are not seas but 

rather vast expanses of volcanic basalt 
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Penny Wozniakiewicz investigates why astronomers are  
so concerned with finding water in the Solar System,  

and why it is vital to our exploration of space 

,

,

that erupted over the lunar surface 

several billion years ago. 

The Moon is in fact very dry: more so 

than any desert on Earth. Yet despite 

that, on 23 August 2023 the Indian Space 

Research Organisation’s Chandrayaan-3 

mission successfully deployed its lander 

and rover near the lunar south pole in 

search of water. 

So why search for water in such a dry 

location? Although there is no liquid 

water on the Moon, water is present in 

the form of ice trapped between grains 

in the lunar soil and incorporated into 

minerals and glassy beads produced by 

impacts. The potential for such hidden 

ZDWHU�ZDV�ƅUVW�VXJJHVWHG�E\�UHPRWH�

observations of the surface, and later 

FRQƅUPHG�E\�1$6$ŝV�/&5266�PLVVLRQ��

ZKLFK�LQ������ƅUHG�DQ�HPSW\�URFNHW�

stage into a crater on the lunar surface 

DQG�LGHQWLƅHG�LFH�LQ�WKH�SOXPH�of material X
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ƆXQJ�XS�IURP�WKH FUDVK�VLWH��)XUWKHU�REVHUYDWLRQV�

RI�WKH�VXUIDFH�E\�WKH�OLNHV�RI�WKH�1$6$�DQG�*HUPDQ�

$HURVSDFH�&HQWHUŝV�62),$�WHOHVFRSH�KDYH�VLQFH�

VXJJHVWHG�WKH�VRXWK�SRODU�UHJLRQ�RI�WKH�0RRQ�LQ�

SDUWLFXODU�PD\�KRVW�IDU�PRUH�ZDWHU�WKDQ�ZH�HYHU�

LPDJLQHG��$V�PXFK�DV����Ś���PJ�RI�ZDWHU��DERXW�

RQH�UDLQGURS��PD\�EH�SUHVHQW�LQ�HDFK�NLOR�RI�VRLO��

:KLOH�WKLV�PD\�VHHP�D�VPDOO�DPRXQW��LW�KDV�

SURPSWHG�VHYHUDO�VSDFH�DJHQFLHV�WR�SURSRVH�OXQDU�

VXUIDFH�PLVVLRQV�DQG�LQVWUXPHQWV�WR�ƅQG�DQG�

FKDUDFWHULVH�OXQDU�ZDWHU�RYHU�WKH�QH[W�GHFDGH��

PROSPECTing for water
2QH�VXFK�LQVWUXPHQW�LV�WKH�(XURSHDQ�6SDFH�$JHQF\ŝV�

�(6$��35263(&7�SD\ORDG��GHVWLQHG�IRU�WKH�VRXWK�

SRODU�UHJLRQ��7KLV�FRQVLVWV�RI�D�GULOO�WR�GLJ�GRZQ�DQG�

REWDLQ�VDPSOHV�IURP�WKH�QHDU�VXUIDFH��WRJHWKHU�ZLWK�

DQ�RQERDUG�ODERUDWRU\�WKDW�ZLOO�VXEMHFW�VDPSOHV�WR�

KHDW�DQG�PHDVXUH�WKH�JDVHV��LQFOXGLQJ�DQ\�ZDWHU�

YDSRXU��WKDW�DUH�UHOHDVHG��

ş6KRXOG�ZDWHU�UHDOO\�EH�SUHVHQW�LQ�VXFK�VLJQLƅFDQW�

TXDQWLWLHV��WKH�SRWHQWLDO�LPSOLFDWLRQV�ZRXOG�

EH�HQRUPRXV��HVSHFLDOO\�IRU�XSFRPLQJ�KXPDQ�

H[SORUDWLRQ�SURJUDPPHV�Š�VD\V�'U�'DYH�+HDWKHU��

35263(&7�SURMHFW�VFLHQWLVW�DW�(6$��ş:DWHU�LV�

HVVHQWLDO�IRU�KXPDQ�VXUYLYDO��,W�FDQ�EH�XVHG�IRU�

GULQNLQJ�DQG�DOVR�EH�EURNHQ�GRZQ�LQWR�LWV�FRQVWLWXHQW�

FRPSRQHQWV�WR�SURYLGH�R[\JHQ�IRU�EUHDWKLQJ�Š�

$OO�OLIH�DV�ZH�NQRZ�LW�QHHGV�ZDWHU��:H�RXUVHOYHV�

DUH�PDGH�XS�RI���Ś���SHU�FHQW�ZDWHU�DQG�ZH�QHHG�

D�FRQWLQXRXV�VXSSO\�WR�VWD\�DOLYH��:DWHU�LV�DOVR�

QHHGHG�IRU�GDLO\�K\JLHQH�DQG��LI�D�FRORQ\�LV�WR�EH�

HYHQ�UHPRWHO\�VHOI�VXVWDLQLQJ��IRU�JURZLQJ�FURSV��

:DWHU�DOVR�KDV�DQRWKHU�KDQG\�XVH�XS�LWV�VOHHYH�Ś�LI�

\RX�VSOLW�LW�LQWR�K\GURJHQ�DQG�R[\JHQ��\RX�JHW�WKH�

FRPSRQHQWV�IRU�URFNHW�IXHO�

%XW�VSDFH�WUDYHO�LV�D�FRVWO\�EXVLQHVV��DQG�RQH�WKDW�

JHWV�PRUH�H[SHQVLYH�DQG�PRUH�FRPSOH[�WKH�PRUH�

\RX�ZDQW�WR�WDNH�ZLWK�\RX�DQG�WKH�IXUWKHU�\RX�ZDQW�

WR�JR��0LQLPLVLQJ�PDVV�RQ�ERDUG�VSDFHFUDIW�LV�D�KLJK�

SULRULW\�IRU�VSDFH�DJHQFLHV�DQG�PLVVLRQ�HQJLQHHUV��

6LQFH�ZDWHU�LV�YLWDO�WR�DQ\�KXPDQ�VSDFH�PLVVLRQ��LW�

FDQQRW�VLPSO\�EH�OHIW�EHKLQG��EXW�SHUKDSV�QRZ�ZH�

FDQ�PLQH�LW�IURP�OXQDU�VRLOV��

'U�0DKHVK�$QDQG��D�SURIHVVRU�RI�SODQHWDU\�VFLHQFH�

DW�WKH�2SHQ�8QLYHUVLW\��LV�H[SORULQJ�ZD\V�WR�GR�WKLV��

ş:DWHU�LV�FRQVLGHUHG�D�NH\�UHVRXUFH�IRU�HQDEOLQJ�

D�PRUH�DIIRUGDEOH�DQG�VXVWDLQDEOH�H[SORUDWLRQ�RI�

WKH�0RRQ�Š�KH�VD\V��ş7KH�DYDLODELOLW\��H[WUDFWLRQ�

DQG�XWLOLVDWLRQ�RI�ZDWHU�LQ�VLWX�RQ�WKH�0RRQ�ZRXOG�

WKHUHIRUH�ORZHU�WKH�FRVW�DQG�ULVNV�IRU�IXWXUH�PLVVLRQV�Š�

,I�WKH�0RRQ�KDUERXUV�ZDWHU��ZKHUH�HOVH�PLJKW�ZH�

ƅQG�LW��DQG�LQ�ZKDW�IRUP"�7RGD\��(DUWK�LV�WKH�RQO\�

SODQHWDU\�ERG\�LQ�RXU�6RODU�6\VWHP�ZLWK�VXVWDLQHG�

OLTXLG�ZDWHU�SUHVHQW�RQ�LWV�VXUIDFH��7KLV�LV�EHFDXVH�

ZDWHU�H[LVWV�DV�D�OLTXLG�DW�D�UDQJH�RI�SUHVVXUHV�DQG�

WHPSHUDWXUHV�WKDW�DUH�IRXQG��WKDQNIXOO\�IRU�XV��RQ�

(DUWKŝV�VXUIDFH��+RZHYHU��RYHU�WKH�ODVW�IHZ�GHFDGHV�

D�SOHWKRUD�RI�WHOHVFRSHV�DQG�VSDFHFUDIW�KDYH�VKRZQ�

WKDW�ZDWHU�LV�SUHVHQW�WKURXJKRXW�RXU�6RODU�6\VWHP�

W Left: In 2009 

NASA’s LCROSS 

mission proved 

there was water 

on the Moon by 

analysing the 

contents of a  

plume of debris 

thrown up by a 

projectile (below)
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S The lunar south 

pole is thought to 

be the Moon’s most 

water-rich region

X
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:H�QHHG�RQO\�ORRN�DV�IDU�DV�WKH�RWKHU�WHUUHVWULDO�

SODQHWV��0HUFXU\��9HQXV�DQG�0DUV�WR�ƅQG�LW��9HQXV�LV�

FORVHU�WR�WKH�6XQ�WKDQ�(DUWK�DQG�KDV�DQ�H[WUHPHO\�

GHQVH��FDUERQ�GLR[LGH�ULFK�DWPRVSKHUH�WKDW�PHDQV�

LWV�VXUIDFH�LV�OLNH�DQ�RYHQ�GD\�DQG�QLJKW��<RX�PLJKW�

WKLQN�VXFK�D�SODQHW�FRXOG�QRW�SRVVLEO\�KRVW�OLTXLG�

ZDWHU��1HYHUWKHOHVV��ZDWHU�LV�SUHVHQW�RQ�9HQXV��DOEHLW�

RQO\�DV�YDSRXU�LQ�LWV�DWPRVSKHUH�

0HUFXU\�VLWV�HYHQ�FORVHU�WR�WKH�6XQ�WKDQ�9HQXV��EXW�

LWV�WKLQ�DWPRVSKHUH�PHDQV�WKH�VXUIDFH�FRQWLQXRXVO\�

RVFLOODWHV�EHWZHHQ�KRW�DQG�FROG�GXULQJ�WKH�QLJKW�

DV�WKH�SODQHW�URWDWHV��<RX�PLJKW�H[SHFW�DQ\�ZDWHU�

SUHVHQW�WR�KDYH�ERLOHG�RII�FRPSOHWHO\��\HW�WKHUH�LV�

HYLGHQFH�WKDW��MXVW�OLNH�RQ�(DUWKŝV�0RRQ��ZDWHU�LV�

SUHVHQW�DV�LFH�ZLWKLQ�SHUPDQHQWO\�VKDGRZHG�UHJLRQV�

RI�FUDWHUV�QHDU�0HUFXU\ŝV�SROHV��

Mars and beyond
2Q�0DUV��ZDWHU�LFH�FDQ�EH�IRXQG�LQ�SODLQ�VLJKW�LQ�

WKH�SRODU�LFH�FDSV��<HW�WKHUH�LV�DOVR�HYLGHQFH�RI�YDVW�

TXDQWLWLHV�RI�LW�Ś�SHUKDSV�PRUH�WKDQ�ƅYH�PLOOLRQ�FXELF�

NLORPHWUHV�Ś�KLGGHQ�EHQHDWK�LWV�VXUIDFH��,I�DOO�WKLV�LFH�

PHOWHG��WKHUHŝG�EH�HQRXJK�ZDWHU�WR�FUHDWH�DQ�RFHDQ�

���PHWUHV�GHHS�RYHU�WKH�HQWLUH�VXUIDFH�RI�0DUV�Ś�RU�ƅOO�

/RFK�1HVV�RYHU���������WLPHV��

:DWHU�LV�DOVR�SUHVHQW�RQ�0DUV��LQ�VPDOO�TXDQWLWLHV��

DV�WHQXRXV�FORXGV�KLJK�LQ�WKH�DWPRVSKHUH��1HDU�WKH�

SROHV��YLVLWLQJ�0DUV�ODQGHUV�KDYH�REVHUYHG�ZDWHU�

IUHH]LQJ�RXW�RI�WKH�DWPRVSKHUH�DW�QLJKW��IRUPLQJ�D�

IURVW�RQ�WKH�JURXQG��

How Earth 

became blue

Today, over 1,000 quintillion litres of water exist  

on Earth, most of which make up the oceans that 

cover over 70 per cent of its surface. Our Blue Planet 

may be blue now, but things may have been quite 

GLIIHUHQW�ZKHQ�LW�ƅUVW�IRUPHG��

In some formation theories, the early Earth was 

initially dry, having formed in the inner region of 

the Solar System inside the so-called ‘snow-line’, 

close to the Sun, where temperatures are so high 

that volatiles like water are in their gaseous form. 

The snow-line is the distance from a star beyond 

which temperatures on a planetary body become 

low enough for water to condense out from gas and 

form solid icy grains. In this scenario, it is believed 

that Earth’s water was delivered later by impacting 

comets and asteroids. In contrast, planetary bodies 

forming beyond the snow-line in the outer Solar 

System were fed with plenty of icy materials. This is 

evident when we compare the size of Earth’s water 

reservoir with those estimated for the largest Kuiper 

Belt objects (such as Pluto and Charon) and the icy 

satellites of Jupiter, Saturn, Uranus and Neptune. 

Was Earth always so aqueous?  
A short history of water on our planet

Earth 

1.08 trillion km3

Oceans 

1.08 billion km3

Groundwater 

1.34 million km3

Swamps, lakes and rivers

190,000km3

Water in atmosphere

12,900km3

X Images from 

Martian rovers have 

revealed frost on 

the ground in the 

early mornings

The volume of water on Earth  

is actually quite small compared 

to the planet’s volume overall. 

Further out in the Solar System, 

this is not the case

X Water ice is 

plentiful at Mars’s 

north pole: the area 

depicted is around 

1,000km across

X
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W Located in the 

asteroid belt, dwarf 

planet Ceres may 

consist of up to 25 

per cent water ice
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GANYMEDE

World radius

2,631km 

Water radius

2,350km

TITAN

World radius

2,576km 

Water radius

1,890km

CALLISTO

World radius

2,410km 

Water radius

1,800km

TRITON

World radius

1,352km 

Water radius

1,170km

PLUTO

World radius

1,187km 

Water radius

1,010km

EUROPA

World radius

1,565km 

Water radius

880km

EARTH

World radius

6,371km 

Water radius

690km

DIONE

World radius

561km 

Water radius

480km

ENCELADUS

World radius

252km 

Water radius

220km

This graphic shows the amount of water  

(in all its forms) there may be on other  

Solar System bodies – proportionally all  

far more than Earth has

Moving beyond Mars we reach the asteroids, which 

also contain water: potentially hundreds of billions of 

litres of the stuff. On many asteroids this water has 

become incorporated into minerals, but on some, like 

Ceres, water is still present as ice. Indeed, Ceres’s low 

density suggests that as much as 25 per cent of the 

dwarf planet could be water ice.

At the giant planets, Saturn and Jupiter both have 

water vapour in their atmospheres, while Uranus and 

Neptune are thought to have a water ice mantle 

lurking beneath theirs. Water ice also dominates 

the spectacular rings around Saturn, accounting for 

around 99 per cent of the 15 billion billion kilos of 

material. That’s over half the amount of ice currently 

in the Antarctic ice sheet, but spread out over a much 

larger area. Perhaps more excitingly, it seems water is 

also present as ice on many of the moons of the giant 

planets, and it may even be liquid on some.

Below the surface
As far as we know, the only surface oceans in our 

Solar System are found on Earth. However, there 

is evidence for subsurface oceans on at least the 

Jovian moons Ganymede, Callisto and Europa, and 

the Saturnian moons Enceladus, Dione and Titan. 

Indeed, the total water content (liquid and ice) of 

these bodies is around 80 times that of Earth.

While heating by the Sun at these distances is 

minimal, the presence of liquid subsurface oceans 

on these icy worlds is thought possible due to tidal 

heating, whereby heat is generated as the moons 

are squashed and squeezed by the gravitational pull 

RI�WKHLU�SDUHQW�SODQHW�ƅJKWLQJ�DJDLQVW�WKDW�RI�WKHLU�

sibling satellites.

During its visit to the Saturnian system, the Cassini 

spacecraft beamed back remarkable images showing 

plumes of water vapour and ice grains shooting out 

from Enceladus’s surface. Using the Cosmic Dust 

Analyser (CDA) on board, Cassini was able to sample 

and study these plumes. “We found salt- and carbon-

rich water ice grains originating from a large reservoir 

of liquid water below the icy crust of Enceladus,” says 

Dr Ralf Srama, astronomy professor at University of 

Stuttgart and lead scientist for the CDA.

The existence of subsurface oceans is exciting 

EHFDXVH�RI�WKH�SRWHQWLDO�VLJQLƅFDQFH�WR�WKH�TXHVWLRQ�

of whether suitable conditions for life might be found 

beyond Earth. Scientists like Dr Frank Postberg, 

professor of planetary science at the Freie Universität 

Berlin, have been working with plume data from 

CDA to study conditions below Enceladus’s icy 

crust. He says, “We found a variety of salts that tell 

W Massive jets 

of water erupt 

from the surface 

of Saturn’s moon 

Enceladus in this 

Cassini image 

captured in 2017 

X
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Penny 

Wozniakiewicz is  

a senior lecturer in 

space science at the 

University of Kent

Where there’s liquid, there’s life

us Enceladus’s subsurface ocean is a little less salty 

than Earth’s ocean, and is a ‘soda ocean’ with lots of 

dissolved carbonates and carbon dioxide, which also 

provide more alkaline waters than on Earth.” 

3URPLVLQJO\��WKH\�DOVR�LGHQWLƅHG�RUJDQLFV��ZKLFK�DUH�

needed for and can be created by life), phosphorus 

(which is essential for life as we know it) and minerals 

that indicate hydrothermal activity – a proposed 

mechanism for providing materials for chemical 

reactions and heat in the dark, subsurface world. 

Although few spacecraft have ventured beyond 

Saturn, those that have revealed evidence of water 

ice on the moons of Uranus and Neptune, and on 

Kuiper Belt objects such as Pluto, which is thought  

to be composed of up to 30 per cent water ice. 

Comets, which we observe from Earth as they 

traverse the inner Solar System, can originate from 

the Kuiper Belt or the more distant Oort Cloud and 

are also laden with water ice. Hundreds of thousands 

of such icy bodies may occupy the Kuiper Belt, while 

there may be hundreds of billions or even trillions of 

them in the Oort Cloud.

Water in various forms is abundant in our Solar 

System. Observations of other nascent and 

established systems suggest that they, too, contain 

water. If space exploration requires water to be 

present in the locations we wish to visit, it seems  

our possible destinations are endless.

Liquid water is an essential requirement for life 

as we know it. It acts as a solvent, breaking 

down and dissolving substances into a form 

that can be used by life, also providing a liquid 

medium in which they can then move, interact 

with other substances and take part in the 

NH\�FKHPLFDO�UHDFWLRQV�WKDW�GHƅQH�OLIH��7KH�

presence of liquid water is therefore considered 

a key requirement for any potentially habitable 

location beyond Earth, with NASA adopting 

the mantra ‘follow the water’ in its search for 

evidence of past and present life on Mars, and 

the study of its potential habitability. 

,QGHHG��WKH�SUHVHQFH�RI�ZDWHU�LV�XVHG�WR�GHƅQH�

the ‘habitable zones’ around stars – these are 

the range of distances from a star at which 

an orbiting planet may be heated enough by 

the star’s radiation to have liquid water on its 

surface. But with the discovery of subsurface 

oceans way beyond the outer limits of the Sun’s 

habitable zone, our own Solar System has shown 

us that the situation is not so simple, and that 

niche or local habitable zones made possible by 

processes such as tidal heating may also exist – 

and potentially enable life.

Follow the water, says NASA, and you just might find signs of sentience beyond Earth

S The habitable zone, also known as the Goldilocks zone, is the area 

around a star where liquid water can exist on the surface of orbiting planets. 

Outside this region, there can still be water in the form of ice or vapour

Earth

Venus

Mercury
Mars

JUST RIGHT

TOO HOT

TOO COLD
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X Hydrothermal 

vents like those 

in Earth’s oceans 

could potentially 

enable life 

to survive in 

subsurface oceans 

on other worlds




