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	Ocean

	Global saltwater ocean beneath the ice — more water than all of Earth's oceans


	Ice shell

	2–30 km thick — debate continues; Clipper will measure it


	Life potential

	Liquid water + rocky seafloor + tidal energy + chemical nutrients


	Surface

	Smoothest large body in the solar system; criss-crossed by reddish lineae


	Size

	3,122 km — 6th largest moon; slightly smaller than Earth's Moon


	Plumes

	Possible water vapour plumes detected by Hubble 2012 and 2016


	Mission

	NASA Europa Clipper — launched October 2024, arrives Jupiter 2030


	Named after

	Phoenician princess abducted by Zeus disguised as a white bull



For readers aged 10 and up  ·  All facts current as of April 2026


Introduction: The Best Chance for Life Beyond Earth

Of all the places in the solar system beyond Earth, one world stands out as the most compelling candidate for harbouring life today. It is not Mars, whose liquid water vanished billions of years ago and whose surface is blasted by radiation. It is not Titan, whose extraordinary organic chemistry plays out in liquid methane at −179°C rather than in the water that life as we know it requires. It is not Enceladus, though Enceladus is close. The single best candidate — the world that checks the most boxes for life, that has the right solvent, the right energy sources, the right chemistry, in a configuration most analogous to the environments on Earth where life thrives in the absence of sunlight — is Europa.

Europa is the second of Jupiter's four Galilean moons, orbiting at 671,100 km from Jupiter in a period of 3.55 days. At 3,122 km in diameter it is slightly smaller than Earth's Moon. Its surface is covered in bright water ice, criss-crossed by a network of reddish-brown fractures called lineae that make it look, from a distance, like a cracked eggshell. It is the smoothest large body in the solar system — there are almost no impact craters, and the surface relief is minimal compared to most moons. And beneath that smooth icy surface, perhaps only a few kilometres down, there is an ocean.

Not a small pocket of brine. Not a thin layer of meltwater. A global ocean of liquid saltwater roughly 100 km deep, containing perhaps twice as much liquid water as all of Earth's oceans combined. This ocean has been liquid, continuously, for perhaps 4 billion years — kept from freezing by the tidal energy that Jupiter's gravity pumps into Europa's interior every time it completes one orbit. At the bottom of this ocean, in total darkness, liquid water contacts silicate rock — the same configuration that, on Earth, supports entire ecosystems of organisms that never see sunlight, sustaining themselves on the chemical energy released when hot water reacts with rock at hydrothermal vents.

Everything we know about life tells us it needs three things: a liquid solvent (water), an energy source, and chemical building blocks. Europa has all three. It has had all three for billions of years. If life can arise wherever these conditions are met — and the evidence from Earth suggests it arises readily and early — then Europa is a world where life almost certainly exists, or where it almost certainly arose and went extinct. Either conclusion would be one of the most important discoveries in the history of science.

The Europa Clipper spacecraft, launched in October 2024, is on its way to find out. It will arrive at Jupiter in 2030 and spend approximately four years making about 50 close flybys of Europa, probing the ice shell, characterising the ocean, and assessing the habitability of this extraordinary world. This book tells the complete story of Europa: its discovery, its surface and interior, the evidence for the ocean, the question of life, the Europa Clipper mission, and the mythology of the Phoenician princess whose name this ocean world carries.

DISCOVERY AND EARLY HISTORY  

The Discovery of Europa

🌊 Europa — In Greek mythology, Europa was a Phoenician princess — the daughter of King Agenor of Sidon and Queen Telephassa. She was renowned for her beauty. Zeus, enchanted by her, transformed himself into a magnificent, gentle white bull and mingled with her father's cattle on the beach at Sidon. Europa was charmed by the beautiful bull and climbed onto its back; the bull immediately rushed into the sea and swam across the Mediterranean to Crete. There Zeus revealed himself and made Europa his consort. She bore him three sons: Minos (king of Crete), Rhadamanthus (a judge of the dead), and Sarpedon. Her brother Cadmus, sent to find her, wandered the world and ultimately founded the city of Thebes. Europa was honoured as the first queen of Crete and was placed among the stars; the continent of Europe is named after her.

Galileo, 7 January 1610

Europa was discovered by Galileo Galilei on 7 January 1610, the same night he found Io, Ganymede, and Callisto — the four Galilean moons whose discovery helped topple the geocentric model of the universe. In his initial observations, Galileo could not distinguish between Io and Europa; both appeared very close to Jupiter. Over subsequent nights, as he tracked the positions carefully, four distinct moons became apparent. By 15 January he had determined that there were four moons orbiting Jupiter, and he published his findings in Sidereus Nuncius (The Starry Messenger) in March 1610.

The names Io, Europa, Ganymede, and Callisto were proposed by Simon Marius, a German astronomer who claimed independent discovery. The IAU credits Galileo with the discovery but uses Marius's names. Marius chose Europa from the myth of Zeus and the Phoenician princess — a figure carried across the sea by divine power, just as Europa the moon orbits Jupiter, carried in the grip of the giant planet's gravity.

Three and a Half Centuries of Mystery

From 1610 to the 1970s, Europa was known as the faintest and smoothest of the four Galilean moons — a bright white disc that spectroscopy eventually revealed to be covered in water ice. Its orbital period of 3.55 days and its position in the Laplace Resonance with Io and Ganymede were well characterised. But nothing about its true nature was known. It was simply a shiny ball of ice orbiting Jupiter.

The first hints of Europa's extraordinary nature came from theoretical work in the late 1970s. In 1977, John Lewis and others argued that the tidal heating experienced by Jupiter's moons (particularly after the Laplace Resonance was better understood) might be sufficient to maintain liquid water beneath the icy surfaces of Europa and other outer solar system bodies. This idea was largely theoretical and not widely discussed until the Voyager missions arrived — and even after Voyager, the full magnitude of Europa's ocean would not be appreciated for another decade.

Voyager 1 and 2 (1979): The First Close Look

Voyager 1 and Voyager 2 flew past Jupiter in March and July 1979 respectively, making the first close observations of Europa. The images returned were extraordinary and puzzling. Europa appeared almost featureless — a smooth, white world criss-crossed by dark lines. Unlike the other Galilean moons, which had prominent craters (Callisto's cratered plains, Ganymede's grooved terrain, Io's volcanic features), Europa had almost no craters at all. The surface was flat, smooth, and uniformly bright.

The dark lines crossing Europa's surface became known as lineae — from the Latin word for lines — and their origin was immediately debated. Were they fractures in the ice? Were they ridge systems? Were they surface stains? Were they related to tidal forces? The Voyager images were not high enough resolution to answer these questions definitively, but they established Europa as a world of unique and puzzling character. The near-absence of impact craters in particular was striking — it implied that Europa's surface was geologically young, continuously renewed by some process that buried or erased craters.

Some scientists, examining the Voyager Europa images in 1979, made a bold suggestion: the smooth, cracked surface looked like the sea ice of the Arctic Ocean viewed from above. The lineae could be fractures in a floating ice shell. If the ice shell were floating, there must be liquid water beneath it. The ocean hypothesis was born — but it would take another two decades and the Galileo spacecraft to confirm it.

EUROPA — THE OCEAN MOON  

Europa: Physical Properties

SIXTH LARGEST MOON  ·  SMOOTHEST LARGE BODY IN SOLAR SYSTEM  ·  GLOBAL SUBSURFACE OCEAN  ·  ALMOST NO IMPACT CRATERS  ·  PRIME LIFE CANDIDATE

Basic Facts

Europa is 3,122 km in diameter — the sixth-largest moon in the solar system and slightly smaller than Earth's Moon (3,474 km). Its mass of 4.80 × 10²² kg gives a density of 3,013 kg/m³ — higher than pure water ice (917 kg/m³) and lower than silicate rock (~2,700–3,300 kg/m³), consistent with a rocky interior covered by a shell of water ice. Crucially, this density is also consistent with a global water ocean beneath the ice, as the bulk density averages over the ice shell, liquid ocean, and rocky interior.

	Discovered

	7 January 1610 by Galileo Galilei


	Diameter

	3,122 km (6th largest moon; slightly smaller than Earth's Moon at 3,474 km)


	Mass

	4.80 × 10²² kg


	Density

	3,013 kg/m³ (rock interior + water ice/ocean shell)


	Distance from Jupiter

	671,100 km (average orbital radius)


	Orbital Period

	3.551 Earth days


	Orbital Resonance

	4:2:1 Laplace Resonance with Io and Ganymede


	Rotation

	Tidally locked — same face always toward Jupiter


	Surface Gravity

	1.315 m/s² (13.4% of Earth)


	Escape Velocity

	2.025 km/s


	Surface Temperature

	−160°C average; −220°C at poles


	Surface Composition

	Water ice; hydrated salts; sulphur compounds; tholins


	Surface Appearance

	Smooth; criss-crossed by reddish-brown lineae; few craters


	Albedo

	~0.67 — very bright (67% of sunlight reflected)


	Atmosphere

	Extremely thin O₂; essentially vacuum


	Subsurface Ocean

	Almost certain — global saltwater; 100 km deep; more water than Earth's oceans


	Active Mission

	NASA Europa Clipper (launched Oct 2024; arrives Jupiter 2030)


	Named After

	Phoenician princess abducted by Zeus; first queen of Crete



The Smoothest Large World

Europa is the smoothest large solid body in the solar system. Its topographic relief — the range from its highest peaks to its lowest valleys — is only a few hundred metres across most of its surface. By comparison, Earth has topographic variations of nearly 20 km (from the deepest ocean trench to the highest mountain peak), and even the Moon has craters and mountains varying by several kilometres. Europa's surface is remarkably, almost impossibly flat.

The smoothness reflects Europa's geological youth. Impact craters accumulate on planetary surfaces over time; a smooth surface means the surface has been recently renewed, burying or erasing older topography. On Europa, the renewal mechanism is the activity of the ocean beneath: the ice shell is thin enough, and warm enough at its base (where it contacts the liquid ocean), that it flows and deforms relatively easily, gradually erasing any surface relief. Tall features simply relax and flow away over geological time, while any fresh impact craters are slowly buried and obliterated. The result is a surface that, in most places, is remarkably flat.

The major exceptions are the lineae — the network of raised ridges and coloured fractures that criss-cross the surface — and the chaos terrain regions described later. But even these have modest relief compared to the dramatic topography of bodies like Io or Miranda. Europa is, in essence, a giant, slightly dented billiard ball.

Internal Structure

Europa's interior, as revealed by Galileo spacecraft gravity measurements, is fully differentiated into distinct layers. At the centre is an iron or iron-sulphide core, probably largely solid, with a radius of perhaps 600–700 km. Surrounding the core is a rocky silicate mantle extending to within about 80–170 km of the surface (the exact thickness depends on the ocean depth). The mantle grades into a water layer — an ice shell on top and liquid ocean beneath — that is roughly 80–170 km thick in total. The very outermost layer is the icy surface crust, perhaps 2–30 km thick (this range represents the major uncertainty in Europa's current interior model).

The critical scientific debate about Europa's interior concerns the thickness of the ice shell — the solid ice layer between the surface and the liquid ocean. This matters enormously for the question of habitability and for planning future missions. A thin ice shell (2–5 km) would allow relatively rapid exchange of material between the surface and the ocean, delivering surface oxidants (hydrogen peroxide, oxygen) into the ocean where they could serve as chemical food for life. A thick ice shell (15–30 km) would insulate the ocean more effectively from the surface and reduce this exchange. Europa Clipper's primary science goal is to determine this ice shell thickness.

THE HIDDEN OCEAN  

The Ocean: More Water Than All of Earth's

Europa's subsurface ocean is the most scientifically important body of liquid water beyond


Evidence: The Galileo Magnetic Measurements




Evidence: The Young Surface



Evidence: The Chaos Terrain and Lineae



The Ocean in Numbers

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



The Surface of Europa


Lineae: The Fracture Network
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