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 Mars’s larger moon,  
Phobos, has been considered 
as a possible way station  
for human exploration.
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T
he moon is easier. The asteroids might be more 

profitable. Enceladus or Europa may have better 

prospects for life. And yet Mars remains the prime 

target for human exploration in the solar system.  

It is our next frontier, no matter how distant, and  

as the 21st century progresses, explorers both public and 

private have decided that the time is now: It’s Mars or bust.

A lot of work has gone into breaking the trail to Mars, 

and much more needs to be done before crewed voy-

ages become a reality. The first task has been simply to 

learn the planetary basics: atmosphere, weather, terrain. 

For decades, telescopes and probes have helped scien-

tists map out the dramatic landscape. Landers dropped, 

bounced, and all too often crashed onto the surface to 

get a close-up look at alien territory. These investigations 

continue, from orbit and on the ground, as we try  

to answer important questions about the existence of 

Martian water and the possibilities for once or current life. 

Preparation for Martian voyages is also happening 

aboard the International Space Station (ISS). How will  

astronauts’ bodies fare on a long, weightless voyage?  

In practical terms, how do crews cope with confinement, 

isolation, and freeze-dried space fare for months on end? 

ISS astronauts may not leave Earth orbit, but they are the 

forerunners of the Martian travelers to come.

Orbital mechanics give these investigations a new 

urgency. The best launch windows for Mars open up only 

on certain dates, and the next occur in the 2030s. NASA 

has already outlined a schedule for stepping to Mars by 

then, complete with the construction of new spacecraft. 

Moving even faster are private entrepreneurs whose ambi-

tious plans include not only rockets but also luxury vessels 

they say will carry colonists to permanent settlements.

Such a settlement is the ultimate Martian dream. It will 

be difficult, perhaps impossible, to achieve. That hasn’t 

stopped visionaries from drawing up plans not only to build 

colonies on Mars, but also to transform the planet itself into 

a green world where humans can walk without suits.

 The Next Frontier
INTRODUCTION



 Having already put boot 
prints on the moon, the next 
logical step for human space 
exploration is Mars.



CHAPTER ONE

EXPLORING
MARS

It’s not that close, as we typically reckon distances—about  
35 million miles (56 million km) at its nearest approach, a 39-day 

journey for our fastest spacecraft. Yet Mars has always loomed 
large in the public imagination. Today, thanks to an array of  

telescopes and spacecraft, we’ve examined its rocks and gullies. 
Even so, the planet holds many secrets under its dusty red soil. 
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 An artist’s concept of a young solar system as it 
accretes dust in a disk. Opposite: NASA scientists 
theorize that Mars’s primitive ocean once contained 
more water than Earth’s Arctic Ocean.

T
o ancient astronomers, Mars was  

a wandering star that glowed a bale-

ful red. This bloody color apparently 

inspired the Babylonians to dub it 

Nergal, the king of conflicts. Greeks 

and Romans followed suit by naming it after 

the god of war—Mars, in the Roman tradition. 

With the advent of telescopes and a better 

understanding of the solar system, a different 

picture emerged. Mars was a planet with a 

day like ours (just over 24 hours) and fea-

tures like ours: polar caps, surface markings, 

clouds. Observers perked up. Far from being 

hostile, Mars might be a sister world, with 

water and even life.

Today we know more about Mars than 

about any other planet in the solar system, 

outside of our own. Though in some ways 

it is a sister world, it is a small, cold, and 

unfriendly sibling. Like Earth, Venus, and 

Mercury, Mars formed some 4.6 billion years 

ago from the condensing gas and minerals 

of the solar nebula and emerged dense and 

rocky. The planet is smallish, with about 

half the radius and only one-tenth the mass 

of Earth. Orbiting an average 142,000,000 

miles (229,000,000 km) from the sun, its 

year is almost twice as long as ours, and  

its temperatures far colder, averaging minus 

81°F (-63°C). Iron oxide in its dry, rocky soil 

gives it its distinctive rusty color. Carbon 

dioxide makes up most of its thin, unbreath-

able atmosphere. 

Mars was not always so barren. In the first 

billion or so years of its existence, research-

ers believe the planet had a thicker, warmer 

atmosphere and a liquid ocean. How and 

why it went from wet to dry is still unknown, 

but recent observations suggest that an 

intense solar wind and radiation may have 

blown much of the atmosphere away. Unlike 

Earth, Mars has only a very weak magnetic 

field to protect it from radiation, a fact that 

has implications for the safety of any future 

human explorers. 

RED PLANET
EARTH’S CHILLY SISTER

THE PLANET [ONCE]
HAD A THICKER, WARMER
ATMOSPHERE AND 
A LIQUID OCEAN.





TIME LINE

 Twin Planets, Different Paths
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3.8–3.9 BYA 
First life-forms 

3.5 BYA 
Primitive 
photosynthesis 

2.3 BYA 
Oxygen-rich 
atmosphere 

4.1–3.8 BYA 
Late Heavy 
Bombardment 

4.5 BYA
Formation 
of planet 

HADEAN 
4.5–3.5 BYA 

ARCHAEAN 
3.5–2.5 BYA 

PROTEROZOIC
2.5–1 BYA 

PRE-NOACHIAN 
4.5–4.1 billion years 
ago (BYA) 

• Crust forms 
• Some water present 
• Thick atmosphere 

NOACHIAN
4.1–3.6 BYA

• Water abundant  
• pH neutral  
• Clay minerals form  
• Atmosphere begins 

to thin 

HESPERIAN
3.6–2.8 BYA

• Many volcanoes, sulfuric 
gas emissions  

• Sulfates form  
• Progressively more limited and 

acidic surface water  
• Atmosphere thins dramatically  

AMAZONIAN
2.8 BYA to present

• Dry and cold  
• Very thin atmosphere  
• Most water frozen 

or evaporated  
• Iron oxide predominates  

3.5 BYA 
Gale Crater 
habitable 

4.1–3.8 BYA 
Late Heavy 
Bombardment 

4.5 BYA
Formation 
of planet 

2.5 BYA3 BYA3.5 BYA4 BYA4.5 BYA

MARS

EARTH



 The Amazonian epoch continues to today on Mars. 
Although the planet has been essentially frozen dry  
and has only a very thin atmosphere, significant geologi-
cal changes have continued nonetheless: the formation 
of Olympus Mons, a huge volcano more than twice the 
height of Mount Everest; volcanic eruptions and vast 
lava flows elsewhere; landslides in Valles Marineris, an 
ever-widening canyon system 2,500 miles (4,023 km) 
long near the equator; and the development of plains 
and sand dunes near the poles. 
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250 MYA

1.5 BYA 
First true 
photosynthesis 

PHANEROZOIC 
1 BYA to present 

2 BYA 1.5 BYA 1 BYA 500 MYA TODAY

1.1 BYA 
First multicellular 
life-forms 

500 MYA
Trilobites

400 MYA
Fish

7.5 MYA 
Hominids

200 MYA
Mammals

230 MYA
Dinosaurs

Planet Chronology
Proto-Mars and proto-Earth were not so  

very different when they formed and began  

to orbit the sun, which then gave off about 

70 percent of the energy it does today. 

BYA= Billion Years Ago, MYA= Million Years Ago,
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FEATURE: DUST DEVILS AND MICRO-SNOW

» THE AIR UP THERE
About one percent as thick as our own, the Mar-

tian atmosphere holds onto little of the heat it 

gets from the distant sun. Temperatures can drop 

by 100°F (38°C) from day to night. At noon in 

summer on the equator, they might reach a pleas-

ant 68°F (21°C). On a winter night at the poles, 

they plunge to minus 243°F (-153°C). These sharp 

W  hen Mariner 9 reached Mars in 1971, 

scientists readied themselves for the 

first detailed images of the planet’s 

surface. What they got instead was a 

Mars-shaped blur. A dust storm covered the entire 

planet like a veil, with just a few mountain peaks 

emerging. Mars doesn’t have water-powered 

storms like Earth’s, such as hurricanes or blizzards. 

What it does have are intense temperature swings 

and an abundance of dust. This creates a unique 

climate with its own set of challenges.

 Snowflakes on Mars are so small that falling snow 
would look more like fog.



the resulting thunder would not carry far. Rising 

currents of air, heated by the sun, also frequently 

spawn dust devils—some as large as 30 miles  

(48 km) wide—that dance across the landscape. 

» DRY ICE
Though the Martian surface is notably dry, snow 

does arrive in a couple of forms. At times, water-

based snow falls at the poles, which have caps 

made of both water and carbon dioxide ice. In 

winter in higher latitudes, carbon dioxide in the 

atmosphere freezes, creating tiny dry-ice snow-

flakes no larger than red blood cells. Too light to 

fall directly to the ground, the dry-ice snow may 

instead drift about in freezing fogs. 

heat variations create winds that average about 19 

miles an hour (31 km/h) and can build to 100 mph 

(161 km/h) in a major storm. However, the air is so 

thin that these winds don’t pack much punch. A 

75 mph (120 km/h) blast would feel like an 8 mph 

(13 km/h) zephyr on Earth. The storm that knocks 

astronauts flying in the movie The Martian is a cin-

ematic invention.

» DUST TO DUST
Martian soil, such as it is, consists largely of sand 

and a fine red dust. Localized dust storms last 

two to three days. Global dust storms, envelop-

ing the planet, occur every five Earth years or so 

and can go on for months. The tops of the dust 

clouds may be over 12 miles (19 km) high. Sparked 

by the staticky dust particles, lightning illuminates 

the sky during these storms, though in the thin air 
 An enormous dust devil casts a long shadow as it 

twists its way across Mars’s surface.

E X P L O R I N G  M A R S         1 3    
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(22 km) wide and Deimos only 8 miles (13 km) 

across. Both are locked into orbits in which 

one face is always toward Mars.

Scarred and lumpy, the two little satellites 

look a lot like asteroids. It’s possible that they 

started out that way, captured by Mars’s grav-

ity during the early years of the solar system. 

However, their stable orbits argue against the 

capture scenario and may indicate that they 

are either debris left over from Mars’s forma-

tion or chunks of Martian rock knocked into 

space by a collision. Clearly rocks continued 

I
n 1877, American astronomer Asaph Hall 

discovered Mars’s two tiny moons after 

a persistent nightly search. He named 

them for the god of war’s attendants: 

Phobos (Fear) and Deimos (Terror). They 

are among the strangest moons in the solar 

system. Phobos, the inner moon, hugs Mars 

in a close orbit only 3,721 miles (5,989 km) 

high, circling the planet west to east three 

times a day. Deimos is farther out at 12,470 

miles (20,069 km) and orbits Mars once every 

30 hours. Both are tiny—Phobos is 14 miles 

PHOBOS AND DEIMOS

 Bad Moons Rising



to smack into them afterward, as evidenced by 

Phobos’s huge Stickney crater. 

Due to its proximity to Mars, Phobos will 

suffer a strange fate. Its spiraling orbit draws 

it closer to the parent planet by 6.6 feet (2 m) 

every hundred years. In 30 to 50 million years, 

it will either crash into the planet, creating a 

giant crater of its own, or break up into a ring 

like those around Saturn.

In the meantime, some observers feel the 

moons could make ideal way stations for 

Martian exploration. Their bulk could protect 

dug-in humans from solar radiation. There, 

explorers could set up laboratories to remotely 

control operations on Mars. 

 The gravity on Mars’s larger moon, Phobos, is less 
than a thousandth of the gravity on Earth.  Below:  
The surface of Deimos is mostly covered in a blanket 
of rock fragments, giving it a smooth appearance.
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THE MOONS 
COULD MAKE IDEAL 
WAY STATIONS FOR 
MARTIAN 
EXPLORATION.
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 Mars is a planet hewed by violent, ancient geo-
logic forces. The flat, low-lying northern latitudes are 
coated in layers of accumulated sediment eroded 
from the surrounding higher terrain. Farther south lies 
jagged, crater-pocked terrain that is thought to be 
older. In general the south features higher elevations 
than the north.

T
hanks to the steady parade of flybys, 

orbiters, landers, and rovers that have 

studied Mars—not to mention close 

scrutiny from earthbound telescopes—

we know the surface of that planet 

better than any except our own. Perhaps the 

most striking overall aspect of the Martian 

terrain is the distinct difference between the 

northern and southern hemispheres. The 

north has low, smooth, rolling plains with rela-

tively few craters. Scientists think the surface 

there is young, geologically speaking, having 

been resurfaced by lava a few hundred million 

years ago. The south is higher (its average 

elevation 3.1 miles [5 km] above the north) 

and rougher, with an older, heavily cratered 

surface. Straddling the equator is the Tharsis 

Bulge, a region the size of North America that 

rises 6 miles (9.7 km) above the surrounding 

landscape. Enormous canyons and towering 

extinct volcanoes radiate out from Tharsis.

Mars’s lopsided form—low on top and high 

on the bottom—may have been caused by 

some unevenness in the planet’s early inter-

nal dynamics. (The planet is tectonically quiet 

now, but it may have had shifting plates like 

those on Earth early in its history.) But an 

alternative theory proposes that a giant col-

lision shaped the planet. Computer models 

show that a Pluto-size body could have hit 

the northern hemisphere of the young planet 

at a shallow angle, stripping off its crust. 

The prodigious impact would have created 

an elliptical impact basin about the size of 

Mars’s depressed area. It could also have been 

responsible for producing Phobos and Deimos, 

the little Martian moons.

Ice caps, made of both water and carbon 

dioxide ice, cover each Martian pole. During 

each pole’s summer, the carbon dioxide vapor-

izes and the ice cap shrinks. In winter, the gas 

condenses again into ice and the cap expands. 

THE GRAND TOUR
A LOPSIDED PLANET

Our specific knowledge of the ups and downs 
of the Martian surface comes thanks to the Mars 
Orbiter Laser Altimeter (MOLA). Launched 
aboard the Mars Global Surveyor in 1996, the 
52-pound (24 kg) instrument collected pole-
to-pole data about the elevation of the Martian 
surface for almost four years. At its heart was 
a laser transmitter and receiver. Ten times a 
second, the transmitter bounced tiny bursts of 
infrared laser light, lasting no more than eight 
billionths of a second, off the Martian surface. 
(No Martians were killed in this process—the 
energy involved is less than that in your refrig-
erator light.) MOLA’s receiving mirror collected 
the reflected light, and other instruments 
determined the distance to the surface using an 
extremely accurate timer. The result was a gor-
geous topographical survey of Mars, based on 
600 million measurements, accurate to within 
42 feet (13 m), a hundredfold improvement over 
previous maps. 

GEAR
»MOLA
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TWO FACES OF MARS

 Western Mars  Eastern Mars
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 The background of these maps is constructed 
from many thousands of images returned from 
NASA’s Mars Global Surveyor. The rugged terrain 
and the distinctive red hue of the planet’s rego-
lith are apparent. 

KEY FEATURES
OLYMPUS MONS: An enormous shield volcano

VALLES MARINERIS: A canyon system 2,500 miles 
(4,000 km) long and more than 5 miles (8 km) deep

CHRYSE PLANITIA: A smooth plain that shows 
evidence of water erosion
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 Eastern Mars

 Two notable 19th-century astronomers, Eugène 
Antoniadi and Giovanni Schiaparelli, crafted 
maps of the Martian surface based on their 
observations. They used classical mythology  
to name the planet’s features. 

KEY FEATURES
SYRTIS MAJOR PLANUM: Low basaltic volcano

HELLAS PLANITIA: Huge, deep impact basin

VASTITAS BOREALIS: Lowland region containing 
water ice
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region in the hemisphere’s center, now known 

as Syrtis Major Planum. He was able to use 

the appearance and disappearance of the 

dark spot to estimate the length of a Martian 

day. Syrtis Major was once thought to be a 

plain, but is now recognized as an enormous, 

low shield volcano spanning 309,000 square 

miles (800,000 km2). Jezero crater within the 

area has markings that may once have been 

water channels; this crater may be the landing 

site for NASA’s Mars 2020 rover.

South of Syrtis Major is the paler Hellas 

Planitia. At 1,400 miles (2,250 km) wide and 

 B
oth Martian hemispheres, east and 

west, show the smooth-rough north-

south dichotomy. In the east, the 

rougher cratered surface dominates. 

Mars clearly suffered impact after 

impact in the solar system’s early years,  

and once its water and atmosphere wasted 

away, nothing remained to erode the craters’ 

sharp edges.

Several big features stand out in the east. 

One was the first surface feature of Mars ever 

to be spotted from Earth. In 1659, astronomer 

Christiaan Huygens noted an immense dark 

ROUGH TERRAIN

 Ice and Craters: The East 
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roughly 4.5 miles (7 km) deep, it is one  

of the largest impact craters in the solar  

system. Most likely an asteroid blasted it  

into existence in the planet’s youth. Scien-

tists are particularly interested in this basin 

because thick layers of water ice appear to  

be buried under its floor. 

Circling the Martian north pole is a ring 

of smooth terrain called Vastitas Borealis. 

Early in Martian history, this area may once 

have held an ocean. Today, it still contains 

water ice within its craters, and snow may 

fall on its plains in winter. Just north, near the 

pole, Olympia Undae is a huge field of frosty 

sand dunes that extends about 684 miles 

(1,100 km). At the other end, the South Pole 

is something of a spacecraft graveyard: The 

Mars 2 craft, Deep Space 2 probes, and Mars 

Polar Lander all crashed here. 

 This color-enhanced image of Jezero crater high-
lights differences in soil composition. Opposite: The 
surface of Syrtis Major Planum is covered in dark dust 
and old lava flows.

MARS CLEARLY 
SUFFERED IMPACT
AFTER IMPACT IN THE 
. . . EARLY YEARS.



SWIRLS IN THE SAND
This sand dune field in the Nili Fossae region 

might look like a vast canvas streaked by a 

paintbrush, but these patterns are produced by 

natural processes. Dust devils whirling across 

the sand leave the tracks. The dark areas where 

the surface was disturbed are grayish blue due 

to iron content in the sand that hasn’t oxidized.
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Major features of Mars bear names from classical mythology, but people studying Martian maps will  
spot some distinctly nonclassical craters. Among them is crater Orson Welles, located northeast of Valles 
Marineris. Its name comes from the American actor and director Orson Welles (1915–1985), remembered 
on Mars for his notorious “War of the Worlds” radio broadcast in 1938. At 23, he was already famous when 
CBS radio hired him and his repertory company, Mercury Theatre, to produce a series of on-air dramas. 
Although newspapers had publicized the Halloween show as a dramatization of the H. G. Wells book of 
the same name, many listeners were caught off guard as Welles’s phony news bulletins began to describe 
the arrival of aliens via a meteorite in New Jersey. Later reports of panic in the streets were exaggerated, 
but Welles’s realistic broadcast did manage to frighten a generation of listeners and earn him a place of 
honor on the planet itself. 

PROFILE
»Orson Welles

LAND OF EXTREMES

 Highs and Lows: The West

 Hebes Chasma is a trough nearly 5 miles (8 km) deep. 
At its center is a flat-topped mesa that was most likely 
shaped by erosion effects from wind and water.

M
ars’s western hemisphere is a 

region of extremes. Much of its 

northern half is covered by a col-

lection of huge, smooth plains. 

Amazonis Planitia, to the north-

west, is vast and young, geologically speak-

ing. It may have been formed about 100 

million years ago by lava that flowed from the 

huge Martian volcanoes and then hardened 

into a relatively featureless expanse. Across 

from it on the west, Acidalia Planitia is older 

and rougher. Minerals found on its surface 

might indicate that springs and steam vents 

once burst through its crust.

Margaritifer Terra covers much more 

jumbled terrain to the southwest. This cha-

otic region has plains that might once have 

been covered by lakes, as well as a number 

of channels that suggest flowing water. It is 

another proposed landing location for the 

Mars 2020 rover.

Literally cutting across the planet’s midsec-

tion is Mars’s most spectacular sight: Valles 

Marineris, the biggest canyon in the solar  

system. Probably created when the planet’s 

crust split under the pressure of rising 

magma, it puts Earth’s Grand Canyon to 

shame. Running some 2,500 miles (4,023 km) 

around the Martian equator, in places it is 75 

miles (121 km) wide and at its deepest more 

than 4 miles (7 km) deep. Earth’s entire Grand 

Canyon could fit into one of its smaller side 

cracks. Lesser canyons, called chasmas, that 

make up the larger Valles Marineris are them-

selves huge. Coprates Chasma alone is 600 

miles (966 km) long, more than twice as long 

as the Grand Canyon. 

Valles Marineris shows many signs that 

water once flowed within, including outflow 

channels at its eastern end and collapsed 

portions where ice escaped. Its canyon walls 

also bear witness to massive rock slides, some 

traveling 60 miles (97 km) or so down the 

steep slopes.
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THARSIS MONTES

 Volcanic Giants

 P
erhaps the only features as impressive 

as the Grand Canyon of Mars are  

the grand volcanoes of the Tharsis 

Montes region to the northwest of 

Valles Marineris. Among its 12 peaks 

are four huge shield volcanoes, including  

the biggest volcano in the solar system, 

Olympus Mons. 

Arsia Mons, Pavonis Mons, and Ascraeus 

Mons line up in a row along a bulge in the 

Martian crust. Though not as big as Olympus 

Mons, Arsia Mons boasts the largest caldera 

(central crater) on the planet, 75 miles  

(121 km) wide. Olympus Mons stands north-

west of the three other shield volcanoes.  

Its dimensions are staggering. At 373 miles 

(600 km) wide, it is as large as the state 

of Arizona. It rises 13.6 miles (22 km) from 

the surrounding landscape, two and a half 

times as high as Mount Everest. Even from an 

orbiting spacecraft, the flattened dome rises 

distinctly above the planetary surface. The 

 Olympus Mons is so tall that a large portion of  
it rises above the atmosphere of Mars. If it were  
possible for humans to hike the mountain, one  
could theoretically walk right into space.
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central caldera is made of six nested craters, 

together about 50 miles (80 km) across.  

It is so large that observers on the planet’s 

surface would not be able to see the whole 

thing from side to side, no matter how far 

away they stood.

Like shield volcanoes on Earth, Olympus 

Mons and its three nearby relatives were 

probably built up from long eruptions of 

loose lava, which rose from magma chambers 

beneath the Martian surface. Their immensity 

is due in part to the low Martian gravity, which 

allows them to grow without collapsing under 

their own weight. Moreover, Mars does not 

have moving plates like Earth’s, which carry 

volcanoes away from their hot spots. Martian 

lava can rise through the same spot in the 

crust for a very long time. 

Olympus Mons has some regions that are 

only a few million years old. It is unclear 

whether the cooling planet is still volcanically 

alive and if an eruption might occur.
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 Changeable Poles 
THE ENDS OF THE WORLD

 M
ars is tilted on its axis to almost 

the same degree as Earth: 25 

degrees on Mars as compared to 

23.5 degrees on Earth. This gives 

the red planet seasons like those 

on Earth, although they last much longer due 

to Mars’s lengthy year. As on our planet, ice 

caps cover the Martian poles. Spacecraft have 

discovered that both poles have a solid layer 

of water ice topped by a thin layer of carbon 

dioxide ice. Both caps wax and wane dramati-

cally as they enter and leave the long dark 

winters. In summer, the carbon dioxide layer 

sublimates (changes directly into a gas) and 

the caps shrink. In winter, the carbon dioxide 

freezes again and the polar caps expand. 

Fierce winds swirl around them, carving  

spiraling troughs into their surfaces. 

The north pole is bigger and deeper than 

the south, though both poles are much 

smaller than those on Earth. In the north, the 

layered, dusty ice is about 2 miles (3 km) 

thick and pitted like cottage cheese. Exten-

sive ice-topped sand dunes circle portions of 

the cap. Concentrations of deuterium—heavy 

hydrogen—in the pole’s water ice may indi-

cate that once a much larger liquid ocean 

spread through the north.

The south polar cap, smaller and colder 

than in the north, does not sit directly over 

the geographical south pole. Two craters 

under the ice are so huge that they create 

their own snowy weather system, about 93 

miles (150 km) from the actual pole. In spring, 

spidery channels appear on the surface as 

gas builds up beneath the ice. Eventually, the 

carbon dioxide erupts into the atmosphere in 

geysers of gas and dust.

The climate is tough at the Martian poles, 

but the scientific payoff for exploration there 

could be rich. Despite the cold, the water ice 

might hold microbial forms of life. 

 Stacked layers of dusty ice give Chasma Boreale 
its striped appearance. Opposite (top): Another view 
of Chasma Boreale shows sheets of sand emerging 
where the ice cap has retreated. Opposite (bottom):  
Mars’s colorful south pole is captured in imaging by 
ESA’s Mars Express.

BOTH CAPS WAX AND
WANE DRAMATICALLY 
AS THEY ENTER AND 
LEAVE THE LONG
DARK WINTERS.



BOTH CAPS WAX AND
WANE DRAMATICALLY 
AS THEY ENTER AND 
LEAVE THE LONG
DARK WINTERS.



 This artist’s rendering 
depicts the Mars Science 
Laboratory craft approach-
ing the red planet.



CHAPTER TWO

DESTINATION
MARS

Mars has been visited by more spacecraft than any other body, 
save the moon. More than 50 craft have attempted to fly by, orbit, 
or land on the planet. Thirty of them failed in whole or in part, but 

in recent years space agencies have had some spectacular suc-
cesses. Their craft have not only reached the red planet unharmed 

but also deployed rovers across its surface.



TIME LINE

 Missions to Mars
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1962
USSR
Sputnik 22
24 October 1962
Attempted Mars Flyby
Mars 1
1 November 1962
Mars Flyby (Contact Lost)
Sputnik 24
4 November 1962
Attempted Mars Lander

1964
USA
Mariner 3
5 November 1964
Attempted Mars Flyby
Mariner 4
28 November 1964
Mars Flyby
USSR
Zond 2
30 November 1964
Mars Flyby (Contact Lost)

1969
USA
Mariner 6
25 February 1969
Mars Flyby
Mariner 7
27 March 1969
Mars Flyby
USSR
Mars 1969A
27 March 1969
Attempted Mars Orbiter
(Launch Failure)
Mars 1969B
2 April 1969
Attempted Mars Orbiter
(Launch Failure)

1960
USSR
Marsnik 1 (Mars 1960A)
10 October 1960
Attempted Mars Flyby
(Launch Failure)
Marsnik 2 (Mars 1960B)
14 October 1960
Attempted Mars Flyby
(Launch Failure)

19801975197019651960 1985 1990

1965
USSR
Zond 3
18 July 1965
Lunar Flyby,  
Mars Test Vehicle

1975
USA
Viking 1
20 August 1975
Mars Orbiter and Lander
Viking 2
9 September 1975
Mars Orbiter and Lander

1988
USSR
Phobos 1
7 July 1988
Attempted Mars Orbiter/
Phobos Landers
Phobos 2
12 July 1988
Mars Orbiter/Attempted  
Phobos Landers

1971
USA
Mariner 8
9 May 1971
Attempted Mars Flyby
(Launch Failure)
USSR
Kosmos 419
10 May 1971
Attempted Mars Orbiter/Lander
Mars 2
19 May 1971
Mars Orbiter/Attempted Lander
Mars 3
28 May 1971
Mars Orbiter/Lander
USA
Mariner 9
30 May 1971
Mars Orbiter

1973
USSR
Mars 4
21 July 1973
Mars Flyby (Attempted 
Mars Orbiter)
Mars 5
25 July 1973
Mars Orbiter
Mars 6
5 August 1973
Mars Lander (Contact Lost)
Mars 7
9 August 1973
Mars Flyby (Attempted  
Mars Lander)

1992
USA
Mars Observer
25 September 1992
Attempted Mars Orbiter 
(Contact Lost)

Mars 1, 
1962 

Phobos, 1988 

Mars Observer  
mission patch, 1992 

Source: Chronology of Mars Exploration, NASA Space 
Science Data Coordinated Archive



1998
Japan
Nozomi (Planet-B)
3 July 1998
Mars Orbiter
USA
Mars Climate Orbiter
11 December 1998
Attempted Mars Orbiter

2001
USA
2001 Mars Odyssey
7 April 2001
Mars Orbiter

1995 2000 20102005 2015 2020 2025

1999
USA
Mars Polar Lander
3 January 1999
Attempted Mars Lander
Deep Space 2 (DS2)
3 January 1999
Attempted Mars  
Penetrators

1996
USA
Mars Global Surveyor
7 November 1996
Mars Orbiter
Russia
Mars 96
16 November 1996
Attempted Mars  
Orbiter/Landers
USA
Mars Pathfinder
4 December 1996
Mars Lander and Rover

2005
USA
Mars Reconnaissance 
Orbiter
12 August 2005
Mars Orbiter

2016
EU
ExoMars 2016
14 March 2016
Mars Orbiter  
and Lander

2011
Russia
Phobos-Grunt
8 November 2011
Attempted Phobos Lander
China
Yinghuo-1
8 November 2011
Attempted Mars Orbiter
USA
Mars Science Laboratory
26 November 2011
Mars Rover

2003
EU
Mars Express
2 June 2003
Mars Orbiter and Lander
USA
Spirit (MER-A)
10 June 2003
Mars Rover
Opportunity (MER-B)
7 July 2003
Mars Rover

2007
USA
Phoenix
4 August 2007
Mars Scout Lander

2013
India
Mangalyaan
5 November 2013
Mars Orbiter
USA
MAVEN
18 November 2013
Mars Scout Mission Orbiter

2022
USA
Next Mars Orbiter
Japan
Mars Moon Exploration

2020
USA
NASA Mars Rover
China
Mars Orbiter/Lander/Rover
ESA
ExoMars Rover
UAE
Hope Mars Orbiter

Mars Reconnaissance Orbiter, evidence 
water flows on Mars, 2005 

Mars aurora, MAVEN imaging ultraviolet spectrograph, 2013

ExoMars rover, 2020
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A
s the United States and the Soviet 

Union were gearing up for the race  

to the moon, they were vying for  

Mars reconnaissance as well. From  

the 1960s to the early ’70s, both 

countries launched a flurry of flyby and orbit-

ing spacecraft toward the red planet. The 

results were mixed at best. Of the first 25 

craft launched, only six had even partial suc-

cess. The others disintegrated after launch, 

failed to orbit, lost communications, or 

otherwise fell short of their goal. Even today, 

the overall failure rate for Mars missions is so 

high that NASA scientists sometimes jokingly 

invoke the “Mars curse” or even attacks by 

the “Great Galactic Ghoul.”

Among the Soviet programs were the 

Marsnik, Mars, Zond, and Kosmos missions. 

Many failed to leave Earth orbit, and one—

Korabl 13—caused alarm when debris from the 

broken craft, entering the atmosphere, was 

picked up by the U.S. missile early warning 

system. The United States fared better with 

its Mariner program, a series of little half-ton 

robotic craft sent toward Venus, Mercury, 

and Mars. In 1964, Mariner 4 became the first 

spacecraft to successfully fly past Mars and 

capture close-up images of the planet. Such 

was the era’s technology that the 20 images 

were stored on a tape recorder and had to be 

slowly transmitted over the course of weeks. 

They depicted forbidding scenes of impact 

craters touched with frost. 

The greatest success among the early mis-

sions came when Mariner 9 entered Mars orbit 

in 1971. Despite encountering an unexpected, 

planetwide dust storm that hid the surface 

from view, the orbiter hung on and eventually 

captured more than 7,000 images covering 

85 percent of the Martian surface. For the  

first time, people on Earth saw Olympus 

Mons, the solar system’s biggest volcano,  

and the enormous expanse of Valles Marin-

eris. The orbiter also returned detailed images 

of the tiny moons Phobos and Deimos. 

FIRST ATTEMPTS
SPACECRAFT TO MARS

 A view of the Mariner crater from the Mariner 4 
mission. Opposite (top): A 1960s image of the 
Mariner 4 mission. Opposite (bottom): Before digital 
photo editing, early images sent from Mars had to be 
assembled into a mosaic by hand.

OF THE FIRST 25 
CRAFT LAUNCHED,
ONLY SIX HAD EVEN
PARTIAL SUCCESS.





lander also touched down successfully on the 

opposite side of the planet in Utopia Planitia.

Both Viking landers were tasked with tak-

ing soil samples and testing their chemistry, 

in hopes (or in fear) of finding organic com-

pounds that might indicate life. Their Labeled 

Release (LR) experiments mixed a scoop of 

soil with a drop of nutrient-enriched water to 

see if microbes in the soil would metabolize 

the nutrients. Biologists were ecstatic when 

the first results seemed positive. Over time, 

though, other experiments came up nega-

tive. Gradually, scientists concluded that the 

LR results were false positives caused by the 

 E
ncouraged by the success of Mariner 9, 

the United States became even more 

determined to get up close and per-

sonal with Mars. In the 1970s the world 

thrilled to the first images taken right 

from the planet’s surface. On July 20, 1976, 

the Viking 1 lander left its orbiter and touched 

down on Chryse Planitia. Its first photo, sent 

line by slow line to Earth, showed the land-

er’s footpad amid sharp-edged rocks and 

fine dust. Later images captured the kind of 

Martian landscapes that would soon become 

familiar, with their rolling red expanses and 

glowing sunsets. In September, the Viking 2 

ON THE SURFACE

 A Closer Look

 The Mars Orbiter Camera captured this mosaic of 
the entire Eberswalde crater delta over an Earth year 
of observations. Above: A Viking 2 image of Mars’s 
Utopian Plain in true color
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interaction of ultraviolet light, soil, and carbon 

dioxide in the atmosphere. Even now, how-

ever, some biologists believe the experiments 

deserve a second look. 

After the success of Viking, NASA’s Mars 

missions entered a quiet period. In 1993, 

the agency suffered a blow when its Mars 

Observer probe went quiet just three days 

before it was due to enter Martian orbit, prob-

ably due to a ruptured fuel line. Redemption 

was achieved with the Mars Global Surveyor, 

which successfully reached Mars in 1997. 

Flanked by solar panels, the boxy orbiter car-

ried five instruments designed to survey the 

Martian surface in unprecedented detail. The 

resulting images and maps were crystal clear 

and spectacular. Among them were portraits 

of gullies and channels that strongly sug-

gested that water once flowed on the planet. 

THE WORLD
THRILLED TO THE
FIRST IMAGES . . .
FROM THE PLANET’S
SURFACE.



THE FIRST ROVERS

age, but now people could view the images in 

real time, and it seemed as though everyone 

did. Servers were overwhelmed as millions 

searched for Sojourner pictures. In France, 

officials had to ask residents not to visit the 

website, because both telephone and Internet 

traffic were handled by the same lines. 

Sojourner traveled just 330 feet (100 m) 

during its three-month mission, return-

ing images that included rounded pebbles 

I
t was not until the 1990s that another 

spacecraft successfully touched down on 

Mars. With the 1997 Pathfinder mission, 

NASA was no longer satisfied with a sta-

tionary lander. It wanted to go a-roving.

First, the agency had to land the spacecraft 

and its rover cargo safely on the surface. The 

scientists decided upon a new approach. 

Rather than using rockets to slow the lander’s 

descent, they dropped it through the thin 

atmosphere under a parachute. A few sec-

onds before touchdown, air bags inflated 

around the lander, allowing it to bounce to 

a rolling stop. There, in the western hemi-

sphere’s Ares Vallis, the lander deployed its 

little 25-pound (11 kg) rover, Sojourner. 

As the turtle-like rover trundled out to take 

its first pictures, the world watched. Previ-

ous landers had arrived in the pre-Internet 

NASA WAS NO 
LONGER SATISFIED
WITH A STATIONARY
LANDER. IT WANTED 
TO GO A-ROVING.

 On the Move
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possibly smoothed by running water. Its 

success paved the way for two more NASA 

rovers, Spirit and Opportunity, which landed 

on opposite hemispheres of Mars in 2004. 

Like Sojourner, they bounced to safety amid a 

cocoon of air bags. Drawing on the success-

ful elements of the Sojourner rover, each new 

rover had six wheels, solar panels, and heaters 

to protect its batteries during the frigid Mar-

tian nights. But Spirit and Opportunity were 

larger and built for long-distance travel. From 

its landing site in Gusev crater, Spirit covered 

4.8 miles (7.7 km) and lasted for six years,  

far past its initial 90-day mission. Opportu-

nity, which landed in Meridiani Planum, is  

still roving. 

NASA WAS NO 
LONGER SATISFIED
WITH A STATIONARY
LANDER. IT WANTED 
TO GO A-ROVING.

 An image of Lunokhod 2 crater captured by the 
Mars Exploration Rover Opportunity. Above: The 
Mars Pathfinder lander and Sojourner rover
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Curiosity landed within Gale crater, but NASA gave the specific spot where it touched down a separate 
name: Bradbury Landing. Many a scientist has been inspired by science fiction, and those working on Mars 
have a particular fondness for the work of iconic writer Ray Bradbury. Born in 1920, Bradbury enjoyed a long 
career as a novelist, short-story writer, and screenwriter. Though he was often called a science fiction writer, 
Bradbury claimed that only his famous short novel, Fahrenheit 451, was actually science fiction and the rest 
was fantasy or myth. His collection of linked short stories, The Martian Chronicles, traces the melancholy his-
tory of interactions between colonists from a troubled Earth and Martian natives. Although his work could 
be dark, Bradbury himself wrote, “In my later years I have looked in the mirror each day and found a happy 
person staring back.” He died just before the Curiosity landing, on June 5, 2012, at the age of 91. 

PROFILE
»Bradbury Landing

CURIOSITY

 Landing a Laboratory

 M
ission planners called it “seven 

minutes of terror.” That’s how long 

it took for the Mars Science Labo-

ratory descent vehicle to descend 

through the Martian atmosphere 

and deposit its cargo—the Curiosity rover—on 

the surface. 

The entire mission had been many years 

in the planning. The Spirit and Opportunity 

rovers were scientific and popular successes, 

but other missions had failed, and money was 

drying up. On the other hand, evidence was 

building that Mars had once been a watery 

planet, capable of nurturing life at least at the 

microbial level. Scientists very much wanted 

a closer look at the Martian environment. So 

engineers at NASA’s Jet Propulsion Laboratory 

(JPL) gambled big on a roving laboratory and 

a novel way to land it. 

The Curiosity rover itself was much larger 

and more mobile than previous rovers. The 

size of a small SUV, it had a 7-foot-long (2.1 m) 

robotic arm, 17 cameras, lasers for vaporizing 

rocks, a drill, and other scientific tools.  

A plutonium power source provided electricity. 

On August 6, 2012, all of this equipment, 

on its six-wheeled base, began its descent to 

the surface inside a saucerlike vehicle with a 

curved heat shield. It took seven minutes for 

the craft to drop from the top of the atmo-

sphere at 13,000 miles an hour (21,000 km/h) 

and slow down under massive parachutes 

while deploying its radical device: a sky crane. 

As rocket thrusters slowed the descent stage 

to 2 miles an hour (3 km/h), the Curiosity rover 

dropped out of the craft, dangling on the sky 

crane’s cables. The capsule slowed even more, 

the rover touched down, and the sky crane 

fired explosives to cut its cords. Curiosity was 

safely on Mars.

It took 14 minutes for the touchdown mes-

sage to reach Earth, given the 154-million-mile 

(248 million km) distance between the two 

planets. When it did, JPL’s ground controllers 

and engineers cheered. 

 Opposite (top): An artist’s rendering shows a sky 
crane lowering the Mars Curiosity rover toward the 
planet. Opposite (bottom): Curiosity during mobility 
testing in 2011
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FEATURE: CURIOSITY’S LONG JOURNEY
but informally known as Mount Sharp (after 

American geologist Robert Sharp). Rocky layers in 

Mount Sharp appear to be made of old sediments, 

deposited by flowing water over time and then 

exposed by the Martian winds. These sediments, 

geologists hope, could hold clues to ancient life. 

» THE DAILY GRIND
Curiosity has been steadily employed since its 

2012 landing, and its dedicated JPL team is 

employed along with it. Curiosity’s minders moni-

tor and plan for the rover’s day-to-day (or Martian 

sol-to-sol) travels, experiments, and transmis-

S  turdy and versatile, the Curiosity rover con-

tinues to roll across Mars more than five 

years after its nerve-wracking landing. The 

tools it carries are designed to study rock 

samples and suss out their chemical signatures. 

Its host of cameras returns images of the Martian 

landscape that are both scientifically useful and 

marvelous to see. Ultimately, the rover’s mission is 

to answer a big question: Did the red planet ever 

have the right conditions for life? 

» A TARGETED LANDING
Scientists chose Curiosity’s landing site with care. 

Gale crater, located near the Martian equator on 

the eastern hemisphere, may once have held a 

lake. Curiosity touched down near its 3.4-mile-

high (5.5 km) central peak, officially Aeolis Mons 

 The target landing area for the Mars Science  
Laboratory rover, Curiosity, and a planned route 
(marked in blue) for the rover to travel near Mount 
Sharp to conduct its search for signs of life
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way to Mount Sharp, Curiosity skirted sand dunes 

and came across a 7-foot-wide (2.1 m) iron mete-

orite. By 2016, NASA announced that the rover 

had already accomplished its goal, finding “evi-

dence of ancient rivers and lakes, with a chemical 

energy source and all of the chemical ingredients 

necessary for life as we know it.” As the rover now 

trundles up Mount Sharp’s layered ridges, it will 

seek out and pay particular attention to exposed 

iron hematite in the rock, because the mineral 

forms in the presence of water. The mission has 

taken its toll on the vehicle. Its tires are worn and 

its drill has been shorting out. Still, at five years 

and counting, it is making discoveries, rock by 

Martian rock. 

sions. As the rover rolls along, its cameras scan 

the landscape for items that the team might find 

interesting. The rover’s laser then vaporizes a 

bit of the target to see what it consists of. If it’s 

worth examining further, other tools come into 

play: microscopes, x-ray spectrometers, chemical 

analysis instruments, and more. Cameras scan the 

landscape and take selfies to check the rover’s 

condition. A detector also measures the radiation 

reaching the surface, with the aim of gauging just 

how much human explorers might one day endure. 

» JOURNEY TO MOUNT SHARP
From Bradbury Landing, Curiosity has now trav-

eled more than 11 miles (17.7 km) to the lower 

slopes of Mount Sharp. Within months of landing, 

it discovered an ancient streambed and chemicals 

that could have supported microbial life. On the 

 Curiosity looks back at its tracks made while cross-
ing a dune at Dingo Gap.



MASTCAM AT WORK
Curiosity’s Mast Camera, or Mastcam, is com-

posed of two onboard camera systems, one of 

which is a high-resolution lens for studying the 

landscape at long distances. The images can 

be assembled to create detailed panoramic 

views, like this one of Dingo Gap. Mastcam can 

also record high-definition video at 10 frames 

a second.

    4 4         M A R S :  S E C R E T S  O F  T H E  R E D  P L A N E T
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an orbiter designed to map the chemicals 

and elements of the Martian surface. Among 

its achievements have been the discovery of 

vast amounts of water under the poles and a 

map of the amount of radiation reaching the 

ground. Its primary goals accomplished, the 

Odyssey remains a communications relay for 

the rovers Curiosity and Opportunity. 

Twenty-six months after Odyssey’s launch, 

the ESA sent a paired orbiter and lander—

Mars Express and Beagle 2—to Mars. Mars 

Express successfully entered orbit and has 

produced some spectacular 3-D maps of 

the surface. The Beagle 2 lander, however, 

W
ith two rovers still reporting from 

the Martian surface, in recent 

years NASA has turned its atten-

tions back to the news from the 

skies. Joining the U.S. agency are 

the European Space Agency (ESA) and the 

Indian Space Research Organisation (ISRO). 

Six orbiters now circle Mars, each one observ-

ing a different aspect of the red planet.

Every 26 months, Earth and Mars are in 

the best alignment for making an efficient 

journey from one planet to the other. NASA 

took advantage of the April 2001 launch 

window to send off the 2001 Mars Odyssey, 

ORBITERS

 Crowded Skies
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fell prey to the Mars curse. It touched down 

safely, but never transmitted any data. 

Taking advantage of the November 2013 

launch window, both NASA and India’s ISRO 

lobbed two more spacecraft toward Mars. 

India’s low-cost Mars Orbiter Mission was 

essentially a trial run to see if the agency 

could handle the challenges of future inter-

planetary missions. The orbiter carries five 

instruments that analyze the atmosphere, 

surface, and moons of Mars. NASA’s MAVEN 

(Mars Atmosphere and Volatile EvolutioN)  

mission studies the Martian atmosphere  

as well, with particular attention to under-   

standing its climate: Just where did the once 

thick Martian atmosphere go? Joining it in 

orbit in 2016 was ESA’s ExoMars Trace Gas 

Orbiter. Its Schiaparelli lander was intended 

to test soft landings on Mars, but the Galac-

tic Ghoul claimed another victim: The lander 

crashed for reasons yet unknown.

 A false-color view of the planet’s surface—made 
from a series of ultraviolet images from the MAVEN 
orbiter—reveals high-altitude wind circulation pat-
terns. Opposite: An artist’s rendering of the Mars 
Odyssey orbiter 

NASA HAS TURNED
ITS ATTENTIONS
BACK TO THE NEWS
FROM THE SKIES.
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track Martian weather, including the dust dev-

ils that scamper across the planet’s surface. 

The orbiter is also testing communications 

among various Mars craft and Earth, with the 

goal of forming part of an eventual “interplan-

etary Internet,” as NASA calls it. 

The MRO’s cameras are its chief glory, 

particularly the huge HiRISE (High Resolu-

tion Imaging Science Experiment) instrument. 

Over the years, the cameras have taken more 

than 290,000 pictures, among them the most 

beautiful and detailed images of the Martian 

surface yet seen. Moreover, the HiRISE can be 

turned away from the planet toward objects 

of interest in space. In 2014, it captured the 

first images of a long-period comet’s nucleus 

when comet Siding Spring zipped past Mars 

 I
n 2005, NASA launched one of its most 

successful spacecraft to date: the Mars 

Reconnaissance Orbiter (MRO). The first 

of the Mars craft designed to use aero-

braking to enter orbit, it spent six months 

using the friction of Mars’s atmosphere to 

slow down into its final position. Powered 

by solar panels, the 4,806-pound (2,180 kg) 

orbiter settled in roughly 175 miles (281 km) 

above the Martian terrain in March 2006. 

Water—where it is now, where it was in 

the past—is at the core of MRO’s mission. Its 

package of scientific instruments includes 

three cameras, spectrometers, radar, gravity 

field detectors, and more. The devices look 

for the telltale minerals left behind by ancient 

seas and rivers, analyze subsurface ice, and 

MARS RECONNAISSANCE ORBITER
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at the uncomfortably close distance of 87,300 

miles (140,500 km). 

High-tech equipment aside, a remote 

spacecraft is only as good as its software, and 

the MRO’s systems have given NASA a few 

scares. Occasionally, the craft puts itself into 

an unexpected “safe mode,” switching to a 

backup computer and disrupting operations. 

NASA engineers, the solar system’s most 

long-distance IT techs, have managed to send 

patches to the spacecraft each time and get  

it working again. 

 The HiRISE instrument aboard the Mars Reconnais-
sance Orbiter (MRO), which provided this shot of the 
Jeans Crater Dunes, can resolve surface features as 
small as four to eight feet across.

Many of the images we see of Mars from above—its frosty dunes, its craters and gullies—were taken by 
the MRO’s majestic HiRISE camera. HiRISE is the largest instrument of its kind ever taken into space, a 
143-pound (65 kg) reflecting telescope with a 19.7-inch (0.5 m) aperture. Light entering through its baffle 
tube bounces off a series of mirrors before being focused onto the camera’s sensors. Because it is so large 
and so sensitive, HiRISE can distinguish items as small as 1 foot (0.3 m) across. The camera has picked out 
the little Curiosity rover on the flanks of Mount Sharp and dust devil trails near the north pole. Have a favor-
ite spot you’d like to see? The public can suggest future targets online via a program known as HiWish. 

GEAR
»HiRISE
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 Technicians in a clean room work on the Mars 
InSight lander, which is set for a May 2018 launch 
date. Above: InSight is depicted deploying a seis-
mometer and heat probe onto Mars’s surface.

DRILLING DEEP

 The Next Generation

layers that formed in the early years of the 

solar system. Unlike Earth, Mars cooled quickly 

and its atmosphere and oceans withered. This 

means that Mars retains a visible record of its 

geologic history. InSight’s lander will deploy 

a seismometer and an instrument for measur-

ing heat flow from the planet’s interior. The 

results, scientists hope, will reveal much about 

Earth’s similar early history as well.

While InSight is probing the Martian depths, 

the ESA and Russia’s Roscosmos agency 

T
hree new missions to Mars have 

booked the 2020 launch window. All 

three aim to drop landers or rovers 

onto the Martian surface. 

Unlike the most recent Mars mis-

sions, NASA’s InSight—Interior Exploration 

using Seismic Investigations, Geodesy and 

Heat Transport—will focus not on finding 

traces of water, but rather on exploring the 

planet’s deepest geological secrets. Like 

Earth, Mars has a core, a mantle, and a crust, 
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hope to have their first working rover roll-

ing over Mars’s rocky landscape. Larger than 

Opportunity but smaller than Curiosity, the 

solar-powered ExoMars rover will carry a drill 

and other instruments designed to search for 

signs of past or current life. Able to drill as 

deep as 6.5 feet (2 m), the rover will be able 

to pull up relatively old, protected samples for 

examination in its onboard lab. 

Meanwhile, NASA plans to follow up on its 

success in the long-running Curiosity trek 

with another roving laboratory in its Mars 

2020 mission. That rover, similar to Curiosity, 

would be lowered to the surface under a sky 

crane. Unlike previous missions, though, Mars 

2020 is planned to be a direct link to human 

exploration. It will store core samples in tubes 

and cache them in depots to be examined by 

visiting astronauts. The rover will also test a 

technology for extracting oxygen from the 

Martian atmosphere, a necessity for future 

human habitation. 



 SpaceX has plans to develop 
powerful spacecraft to take 
humans to Mars and beyond.



CHAPTER THREE

THE HUMAN
JOURNEY

For all of our success in sending robotic spacecraft to Mars,  
we as a species won’t feel we’ve really been there until we’ve  

put boots on Martian dust. Crewed missions to the red planet will 
be by far the most difficult task ever taken on by any space  
agency, public or private. That’s why scientists are working  

hard now to prepare for voyages in the 2030s. 
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 Exploration zones are in areas of scientific interest 
and have resources like water rich strata. It is also 
important that the place selected be within 50°  
latitude of the equator.



NASA’s first answer to these challenges is the 

Orion spacecraft (officially, the Orion Multi- 

Purpose Crew Vehicle, or MPCV), now in its 

testing phases. The three-part vehicle consists 

of a central crew module, a service module 

beneath it, and a launch abort system on top. 

The tapered shape of the four-person crew 

module bears a close resemblance to the Apollo 

spacecraft, but with about 50 percent more 

elbow room inside. Instead of Apollo’s thou-

sands of toggles and screens, the Orion crew 

module will have a handful of touchscreens. 

The attached service module provides pro-

pulsion while the crew module is in space, and 

 I
t has been a long time since NASA built 

an entirely new crewed spacecraft. In the 

years since the space shuttle, many sci-

ences, particularly computer science, have 

made major advances that will transform 

future missions. However, the basic challenges 

remain. Spacecraft are dangerous to launch 

and land. Human health can deteriorate dur-

ing long periods of weightlessness and radia-

tion exposure. And spaceflight is expensive 

not just financially but in terms of energy: 

Lifting mass from a planet’s surface and pro-

pelling it through space takes an enormous 

amount of fuel. 

BACK TO DEEP SPACE

 NASA’s Orion 
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also provides basic life support: water, oxygen, 

and heat. The needlelike launch abort sys-

tem, a response to Challenger-era disasters, 

is designed to pull the crew module to safety 

and position it for a safe landing, should things 

go drastically awry during launch. 

In 2014, NASA sent Orion on a successful 

uncrewed test flight around the Earth, pow-

ered by a Delta IV Heavy rocket. The next test 

launch, also uncrewed, will take place in 2019 

atop NASA’s new Space Launch System, a 

giant rocket taller than the Statue of Liberty. 

A crew won’t fly Orion until the early 2020s, 

when the first piloted missions will test out 

maneuvers in the space between the Earth 

and the moon. If all goes well, by the 2030s 

Orion might link up with a habitat module, 

suitable for a long voyage, and make the trip 

to Mars. 

IF ALL GOES WELL, BY
THE 2030S ORION
MIGHT LINK UP
WITH A HABITAT
MODULE.

 NASA’s next-generation deep-space exploration 
system vehicle for missions beyond the moon. Above:  
A mock-up of the cockpit of the Orion spacecraft



more than a space station shuttle bus. In 2017, 

he unveiled ambitious plans for a new all-

purpose, reusable rocket. He calls it the BFR, 

or “Big F***ing Rocket.” Thirty feet (9 m) in 

diameter, the BFR would be able to lift 165 

tons (150 metric tons) into orbit. That weight 

could consist of cargo or crew to the Inter-

national Space Station, satellites into orbit, 

or a 40-cabin spaceship holding passengers 

bound for Mars. While the spaceship fueled 

up in orbit for the trip to Mars, the rocket 

would return to Earth and await its next job. 

According to Musk, the BFR and its spaceship 

could also fly passengers from place to place 

on Earth: New York to London, for example, in 

29 minutes, and at the cost of today’s econ-

omy class.

Musk’s time frame is as aggressive—he calls 

it “aspirational”— as his engineering. The BFR 

would launch cargo to Mars as early as 2022. 

Two years later, four more rockets—two with 

cargo and two with passengers—could land 

the first humans on the planet. 

N
ASA and its space agency coun-

terparts in other countries are no 

longer the only players in the Mars 

game. Private citizens—very, very 

wealthy private citizens—are joining 

the quest to not only send spacecraft to Mars, 

but also to colonize the planet in the fairly 

near future. Tesla Motors chief Elon Musk 

is one such visionary. Through his SpaceX 

spacecraft design company, the ambitious 

billionaire plans to build the next generation 

of heavy rockets and human spacecraft that, 

according to Musk, will carry at least 100 

people at a time to the red planet. 

Founded in 2002, SpaceX specializes in 

reusable spacecraft that are able to reach 

space and return intact. Its Dragon space-

craft is already in use ferrying cargo to the 

International Space Station (ISS). The same 

pressurized capsule that holds cargo can hold 

crew, as well, and as early as 2018, NASA and 

SpaceX will send a crew to the ISS aboard 

Dragon. However, Musk wants SpaceX to be 

PRIVATE ENTERPRISE

 Citizens to Mars
 SpaceX has ambitions to take humans to the moon, 

Mars, and beyond. Plans for using the Falcon Heavy 
rocket (right) are being eclipsed by a yet more 
impressive rocket, cheekily dubbed the “BFR.”
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Born to a teenage mother in Albuquerque, New Mexico, in 1964, Jeff Bezos showed an aptitude for  
engineering and technology from childhood. He also had an early interest in space exploration, and at 
Princeton was a member of the college chapter of Students for the Exploration and Development of 
Space. In 1994, Bezos anticipated the power of Internet sales by founding the online bookseller Amazon 
.com. By 2017, the company was the largest Internet sales company in the world, and Bezos was one of 
the planet’s richest people.

Bezos’s fascination with space exploration has clearly not faded with the growth of his business empire. 
In 2000, he quietly founded the company Blue Origin to develop reusable spacecraft. As well as the 
increasingly large New Shepard and New Glenn rockets, the company is now designing a New Armstrong 
rocket that will apparently be capable of taking floating colonists to the moon—or Mars. 

PROFILE
»Jeff Bezos

T H E  H U M A N  J O U R N E Y        5 9       



THE EARTH-MARS SUBWAY

 Cycling to Mars

T
he enormous rockets under construc-

tion by both public and private space 

programs point to a key issue of 

spaceflight: Gravity is expensive. To lift 

a spacecraft out of a planet’s gravity 

well requires enormous amounts of fuel. Yet 
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for some experts, gravity is also a gift. Space-

craft that take advantage of the interlocking 

gravitational paths of Earth and Mars can get a 

practically free ride between the planets.

The best known proposal for orbiting 

vehicles comes from Apollo 11 astronaut Buzz 
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Aldrin. Aldrin, who has a Ph.D. in orbital 

mechanics, has outlined a plan for a “Mars 

cycler”—spacecraft that will surf the orbital 

pathways between Earth and Mars with-

out ever touching down on the planets. In 

Aldrin’s plan, travelers to Mars will leave 

Earth aboard small taxi spacecraft, join up 

with a propulsion module and lander, and 

rendezvous with the much larger orbiter in 

space. The orbiter is a relatively luxurious 

craft, equipped with radiation shields and 

spinning slowly to approximate Mars-level 

gravity. “Here’s your chance to read War 

and Peace,” Aldrin writes; for five months, 

travelers can relax while the cycler uses the 

gravitational pulls of the sun, Earth, and Mars 

to swing around to the red planet. 

When the cycler reaches Mars orbit,  

the passengers will get back into the taxi/

lander combination and descend to Mars. 

Forty-four months later the return ride will 

swing by. This time the ride will be on a 

“semi-cycler” craft that lacks the spin of the 

outward ship, because presumably passen-

gers can overcome the effects of weightless-

ness once they’re back on Earth. The lander/

ascender that took the passengers to the 

Martian surface will lift off and join the semi-

cycler in Mars orbit. The ride home will take 

eight months. 

Fueling stations on the moon and Mars 

would supply liquid oxygen and liquid meth-

ane fuel, extracted from ice, to the taxis. 

Eventually, Aldrin proposes, Earth could field 

a small fleet of cycling craft and make travel 

to Mars practically a routine commute. 

MARS

OPPOSITION
EARTH

CYCLER

SUN
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have taken off recently, or are lined up for 

launch in the next year or two. The next time 

Earth and Mars will be so cozy is in the 2030s. 

However, within this 16- to 18-year span are 

other, less efficient but still doable launch win-

dows, which come around every 26 months. 

The first crewed missions to Mars will have 

to work within this time frame. They’ll also 

have to figure out how to trade off the costs 

and benefits of speedier journeys versus fuel 

expense versus longer stays on the planet. 

Several options are on the table. Classic 

Hohmann transfer orbits would take about 

A
nyone planning a journey to Mars, no 

matter what the vehicle, has to start 

with timing. Earth and Mars have 

differently shaped orbits: Earth’s is 

nearly circular, whereas the Martian 

orbit is more of an ellipse. Therefore, the 

planets are constantly shifting their relative 

positions over a 16- to 18-year cycle. At their 

closest, they are a mere 35 million miles (56 

million km) apart. At their most distant, they 

are separated by 248 million miles (399 mil-

lion km). As of 2018, the planets are near their 

closest approach, which is why so many craft 

ORBITAL MECHANICS
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nine months to reach Mars, give the crew a 

comfortable 15 months on the planet, and 

return to Earth in nine months. Burn more 

fuel, and you can speed it up: five months 

outbound, 20 months on the planet, and 

three months back. This would be better 

for the crew, who would be exposed to less 

damaging radiation in flight. A third scenario, 

perhaps best for the first trip or for a mission 

that runs into trouble, assumes a stay of only 

one month and an almost 10-month return 

trip. NASA planners have not yet decided 

which route is best. 

Before the first human sets foot on Mars, 

robotic ships will have already arrived with sup-

plies. Slow, low-energy transits will do for these 

supply craft, which could potentially be pow-

ered by efficient ion engines like the ones that 

sent the Dawn spacecraft to dwarf planet Ceres. 

 ESA’s Automated Transfer Vehicle (ATV) Georges 
Lemaître may be a model for future Earth-to-orbit 
vehicles. Below: A graphical representation of a 
Hohmann transfer orbit between Earth and Mars

THE NEXT TIME
EARTH AND MARS
WILL BE SO COZY 
IS IN THE 2030S.

Earth at  
launch

Mars at  
arrival

Hohmann 
orbit

Mars at  
launch
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THE BODY IN SPACE

 Staying Healthy

T
he technical challenges of building a 

Mars-bound spacecraft are rivaled by 

the medical challenges of keeping the 

crew healthy on the voyage. That’s 

one reason why astronauts aboard the 

International Space Station (ISS) are so inten-

sively monitored: They are the weightless 

guinea pigs whose bodies will ultimately give 

the go or no-go ruling on a long Mars journey.

Their experiences have already highlighted 

some serious issues. From the earliest days 

of the space program, astronauts have known 

that microgravity (near-weightlessness) has 

immediate effects on the body. Fluids rise  

to the head, giving astronauts puffy faces 

and scrawny legs. Bones begin to lose mass, 

shedding calcium in the urine at a rate of 

about one to 2 percent a month, similar to the 

loss in elderly people. Rigorous daily exercise, 

strapped to machines, is required to keep up 

muscle strength, but even with that regimen 

astronauts returning from the ISS have trou-

ble walking. Most astronauts also experience 

deteriorating vision. In microgravity, the eye-

ball seems to change shape, with fluid build-

ing up near the optic nerve. These changes 

don’t resolve quickly, and in some cases may 

be permanent. Dehydration is a risk on long 

trips as well, and can lead to kidney stones, 

truly a nightmare in a spacecraft far from any 

hospital. And then there’s the immune system. 

Studies of immune cells in ISS crew members 

show that the system seems confused. Some 

functions are depressed whereas others are 

heightened, which may account for the rashes 

and allergies that afflict some astronauts. 

A five- or six- or nine-month voyage is also 

a crucible for psychological stress. Space 

travelers are isolated and confined. Although 

crews are chosen for their resilience and 

low-drama personalities, boredom, fatigue, 

depression, and homesickness may be inevi-

table. One of the most common pastimes for 

ISS astronauts: taking pictures of their home-

towns on Earth.

 Top: Astronaut Samantha Cristoforetti drinks an 
espresso aboard the International Space Station.  
Bottom: Studying identical twin astronauts Mark 
(left) and Scott Kelly (right) provides insight into 
how space affects the human body.

Astronaut Scott Kelly and his identical twin, 
astronaut Mark Kelly, were born six minutes 
apart in 1964. Raised in New Jersey, both were 
athletic high achievers who followed an astro-
naut’s typical trajectory of Navy and test pilot 
school. Both joined NASA’s class of 1996 and 
flew on the space shuttle. Mark Kelly retired in 
2011, but Scott Kelly went on to a remarkable 
feat: Between March 2015 and March 2016, he 
spent 340 consecutive days aboard the Inter-
national Space Station. It was Scott who sug-
gested to NASA that it take advantage of the 
genetic match between the twins to discern 
how that stay would affect the body—Mark  
Kelly, earthbound, was the perfect control.  
The results are still being processed, but at 
least one surprising finding has emerged:  
Scott Kelly’s telomeres, caps on the ends of  
his chromosomes, became longer during his 
flight, compared to his brother’s. Telomeres  
are believed to help protect against aging, and 
scientists had expected them to be shortened 
by the harsh environment of space. 

PROFILE
»Scott Kelly
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Those of us on Earth rarely give a thought 

to one of our best planetary assets, the mag-

netic field. Produced by electrical currents in 

Earth’s iron core, the magnetosphere shields 

us from more than 99 percent of cosmic radia-

tion. Our thick atmosphere blocks even more. 

These protections vanish in space, where 

metal hulls only partially stem the radiation 

tide. Astronauts aboard the International 

Space Station (ISS) are still within Earth’s 

outer magnetic field, but even they receive 

10 times the amount that reaches Earth’s 

O
f all the health hazards of a long 

space voyage, radiation exposure 

may be the worst. Broadcast into 

space from the sun and from distant 

supernovas, subatomic particles can 

penetrate skin and clothing and rip through 

DNA like bullets through tissue paper. High 

doses of radiation cause vomiting, fever, dizzi-

ness, and shock. They are fatal without treat-

ment. Lesser doses lead to cataracts, heart 

disease, and brain damage, and often lead  

to cancer.

COSMIC PARTICLES
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surface. In solar storms they take shelter in the 

more highly shielded regions of the ISS. 

Measurements taken by the Mars Science 

Laboratory on its way to Mars found that 

even on a short round-trip voyage to that 

planet, astronauts would receive 0.66 sievert 

of radiation. One sievert is the level at which 

people begin to develop radiation sickness; 

two sieverts can be fatal. So Mars mission 

planners will have to find a way to protect 

astronauts, possibly with shielding on the 

vessel as well as medications. For instance, 

the habitation module’s hull could be lined 

with water or with soil that could support 

a garden. Or it could even generate its own 

magnetic field. Even a thick barrier like this, 

however, does not keep out all high-energy 

particles. Furthermore, any material thick 

enough to provide even a partial shield would 

add large amounts of unwelcome mass to the 

ship. Right now, spacecraft designers have no 

immediate solutions. They will need to find an 

answer to the radiation problem before the 

first Mars voyagers hit the road in the 2030s. 

 Earth’s magnetosphere and atmosphere (opposite) 
provide humans with protection against harmful radi-
ation that they wouldn’t have during space travel or 
while living on Mars (below, with its magnetosphere). 
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The ideal sites for the first crewed missions to Mars should be places of biological or geological inter-
est. They also need to be safe for landing: no boulders, no steep slopes, no tendency toward sudden 
dust storms. There is, of course, no GPS on Mars, so Martian landers and rovers have avoided any loca-
tions with complex geological features because they don’t have the technology to steer around unex-
pected hazards as they land. NASA’s Jet Propulsion Laboratory (JPL) is currently testing a device that 
might solve this problem. Known as the Lander Vision System, it employs a camera that photographs the 
approaching surface and compares it instantly to onboard maps. Combined with navigation software, the 
system will allow the lander to adjust its course during descent to touch down in the safest, yet most fuel-
efficient location. JPL has successfully tested the system aboard the rocket-powered “Xombie” test plat-
form, launching it 1,066 feet (325 m) into the air and guiding it to a precise target in the Mojave Desert. 

GEAR
»Lander Vision

THE MARS SHUTTLE

 Touching Down, Taking Off

A
s chancy as space travel is, getting to 

Mars may be the easy part. Landing on 

Mars and taking off again are tough.

In NASA’s vision, a combined 

spacecraft, including a capsule such 

as Orion docked with a larger habitat module, 

would make the trip to Mars. Once in orbit, 

only a lander would descend to the planet, 

leaving the rest of the craft waiting for the 

crew’s return. The descent will be tricky. The 

Martian atmosphere is just thick enough that 

its friction will burn speeding landers, but it’s 

also too thin to support parachutes carrying 

something so massive. A wide, lightweight 

aeroshell may be the best answer. This shield 

would block the heat and slow the descent 

vehicle, then drop off at the altitude where 

rockets could take over for the landing. 

The craft that lands the crew will not be the 

craft that takes them back to orbit. That honor 

belongs to a vehicle, still in its design stages, 

known to NASA as the Mars Ascent Vehicle, or 

MAV. The fully assembled, 18-ton (16 metric ton)

MAV would travel to Mars well ahead of the 

crewed mission, landing via aeroshell. While 

waiting for the crew to arrive, it would need 

to manufacture more than 25 tons (23 metric 

tons) of fuel that will propel the craft, its crew, 

and any scientific cargo back into space. Meth-

ane for the fuel would most likely be already 

loaded into the MAV; liquid oxygen could be 

extracted from ice or from the atmosphere. 

Let’s say all that goes to plan and the crew 

is ready to go home. Because space suits 

worn on Mars are bulky and will be covered 

with dust and other contaminants, the crew 

will probably change into lighter weight 

clean suits and enter the MAV via a pressur-

ized tunnel. The trip to orbit will be cramped. 

Stripped down like a race car to save mass, 

the MAV may provide standing room only, no 

toilet, and no cooking facilities on its journey 

to connect with the ship. Once aboard the 

return ship, the crew will abandon the MAV  

in orbit, its difficult task accomplished. 

 The rocket-powered Xombie vehicle lifts off from the 
Mojave Desert in a test flight for future Mars landers.





 The Mars Ice House  
design would use materials 
found on Mars to print 3-D 
structures and shelters.



CHAPTER FOUR

LIFE ON MARS
Do Martians live on Mars? Can humans live on Mars?  

These questions have gripped the scientific and public  
imagination since we got our first good look at the planet.  
Fictional speculation about Martian life has influenced the  
scientists who now plan Mars missions, and the science of  
Mars missions now influences fictional treatments of Mars.  

Both shape our plans to build the first colonies on a new world.
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O
bservers began speculating about 

life—intelligent life—on Mars not long 

after the telescope was invented 

in the 1600s. Astronomers noted 

that bright and dark patches on 

the planet’s surface changed with time and 

the seasons, while Mars’s white polar caps 

shrank and grew. It wasn’t unreasonable to 

think that the dark spots were vegetation, fed 

by meltwater from the poles. Indeed, wrote 

astronomer William Herschel in the 18th cen-

tury, “the inhabitants probably enjoy a situa-

tion in many respects similar to ours.”

By 1877, when Mars was particularly close 

during its opposition, Italian astronomer 

Giovanni Schiaparelli was able to make a 

good set of maps showing Mars’s surface 

features. His drawings included quite a few 

straight, crisscrossing lines that Schiaparelli 

called canali, meaning “channels.” No sooner 

had this word been mistranslated as “canals” 

than the idea of constructed waterways on 

Mars became a fact in public opinion. Wealthy 

American amateur astronomer Percival Lowell 

wrote three popular nonfiction books around 

the turn of the 20th century that envisioned a 

drying world whose inhabitants were heroically 

fighting for survival. “A mind of no mean order 

would seem to have presided over the system 

we see,” he wrote. “Certainly what we see hints 

at the existence of beings who are in advance 

of, not behind, us in the journey of life.”

Lowell’s flights of fancy inspired science 

fiction writers and annoyed serious astrono-

mers, who saw no signs of artificial canals 

on Mars, not to mention water or vegetation. 

Indeed, for most of the 20th century, obser-

vations pointed in the other direction: Mars 

appeared to be sterile and dry as a bone. To 

find life of any kind, we would have to find 

some source of liquid water, which to the best 

of our knowledge is a prerequisite for life. 

As the space age advanced and spacecraft 

began to visit the planet, locating water on 

Mars became the primary quest, the holy grail 

of Martian exploration.

THE CANAL BUILDERS
A CIVILIZATION ON MARS?

Astronomer Percival Lowell (1855–1916) has 
done as much as anyone in history to make Mars 
an object of general fascination. Born into the 
rich and influential Lowell family of Massachu-
setts, he graduated from Harvard in 1876 with a 
speech on the origins of the solar system. After 
a period of travel and work running the family’s 
textile mills, he devoted himself to his first love, 
astronomy. Unlike many scientists, Lowell had 
the wherewithal not only to buy a telescope, 
but also to build an entire observatory. The 
Lowell Observatory, on Mars Hill in Flagstaff, 
Arizona, was one of the first sites deliberately 
chosen for optimal viewing, with a high altitude, 
clear atmosphere, and a remote, dark location. 
Lowell’s subsequent observations of Mars led to 
three popular books: Mars; Mars and Its Canals; 
and Mars As the Abode of Life. He also studied 
the surface of Venus and searched for the hypo-
thetical Planet X, a body that he believed was 
perturbing the orbits of Uranus and Neptune. 
Lowell died in 1916. Fourteen years later Clyde 
Tombaugh, working at Lowell Observatory, 
discovered Pluto in roughly the orbit that the 
founder had described for Planet X.

PROFILE
»Percival Lowell



 Percival Lowell drew this map of Mars in 1905. 
He believed that an intelligent civilization lived 
on Mars and built irrigation canals that carried 
water across the planet from the poles.
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More advanced orbiters confirmed those find-

ings and showed that water in fact remained 

on Mars, though frozen into the form of sub-

surface and polar ice. Near the north pole, the 

Phoenix lander scraped into the Martian soil 

to reveal a shiny substance, probably water 

ice, that apparently turned to vapor after 

exposure to the atmosphere. Close to its own 

landing site, the intrepid Curiosity rover spot-

ted gravel and rounded pebbles, signs that a 

stream once flowed through the area. Mount 

Sharp, another Curiosity target, appears to 

rise from an ancient lake bed. 

All of this ice and evidence of a watery 

W
hat we know about life and its ori-

gins comes from a single sample: 

Earth. On our planet, water is 

essential to life. Every living thing 

must take in fuel to make energy 

and must rid itself of toxic wastes, and liquid 

water is the medium in which that happens. It 

is an almost universal solvent. For that reason, 

Mars exploration has had a “follow the water” 

theme carried out by an array of orbiters, 

landers, and rovers. 

As early as 1971, images from Mariner 9 

showed old riverbeds and other evidence that 

water once flowed on the Martian surface. 

WATER ON MARS

 The Stuff of Life
 Water ice appears as shiny white patches in  

shallow trenches dug by the Phoenix spacecraft’s 
robotic arm, confirming the presence of water just 
beneath the Martian surface. 



past is exciting in itself, as it means that 

Mars certainly had conditions favorable to at 

least microbial life in the past. The real prize, 

though, is finding liquid water on the surface 

now. As of 2015, NASA may have found that, 

too. At dozens of sites, the Mars Reconnais-

sance Orbiter’s cameras have detected dark 

streaks (recurring slope lineae, or RSL) run-

ning down slopes, apparently flowing dur-

ing warm seasons and ebbing during cold 

ones. The slopes also contain hydrated salts, 

which might point to a briny water that could 

stay liquid at low temperatures. The exis-

tence of this surface water has not yet been 

confirmed. Even so, enough evidence has 

piled up that Mars once had water, now has 

frozen water, and may possess liquid water, 

that Martian exploration has added a second 

theme to “follow the water”: “follow the life.”

THE REAL PRIZE,
THOUGH, IS 
FINDING LIQUID
WATER ON THE
SURFACE NOW.

L I F E  O N  M A R S        7 5       



drilling into rocks near its landing site. How-

ever, nonliving processes can also produce 

organic chemicals. Indicators of ancient life 

would ideally come in the form of little micro-

bial fossils encased in underground rock, but 

these have not yet been found.

Some of the strongest evidence that life 

could have survived in the harsh Martian 

environment comes from Earth. We know that 

living things can thrive in a remarkably wide 

variety of terrestrial habitats. The discovery  

of microbes living in intense heat and cold,  

D
espite the possible existence of liquid 

water on Mars, the planet’s surface 

remains an extremely hostile envi-

ronment for Earth-type life. Most of 

the landscape is literally as dry as 

dust. Sterilizing radiation rains down through 

the thin atmosphere. To seek out signs of life, 

current and future rovers are equipped to 

dig into protected underground layers where 

microbes might have survived. The Curiosity 

rover has already discovered organic— 

carbon-based—chemicals in the soil after 
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EXTREMOPHILES
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in darkness, and in acidic, salty, and radioac-

tive environments has greatly encouraged 

astrobiologists. They call these life-forms 

extremophiles, and the most heralded are 

those that live near deep-ocean hydrother-

mal vents. Among the life discovered happily 

basking in the hotter-than-boiling water are 

microbes that produce energy through chemi-

cal processes, or chemosynthesis, rather than 

using sunlight as in photosynthesis. 

At the other end of the temperature spec-

trum, bacteria have been recovered from 

deep within the ice just above Lake Vostok, 

a huge, buried Antarctic lake. Microbes 

can exist in a dormant state in deserts for 

decades, springing back to life with the first 

touch of water. In Yellowstone National Park, 

microbes live within pools with the pH of bat-

tery acid; they can also be found in African 

soda lakes and 2 miles (3 km) down in South 

African gold mines, metabolizing the chemi-

cal by-products of the radioactive breakdown 

of water. Life—as they say in Jurassic Park—

finds a way.

 Researcher Penelope Boston collects a sample of 
biofilm from the Cueva de Villa Luz, Mexico. Studying 
extremophiles like the bacteria in this goo may help 
scientists search for extraterrestrial life.

L I F E  O N  M A R S        7 7       



LIFE AT THE EXTREMES
The colors of the Grand Prismatic Spring in 

Yellowstone National Park come from living 

organisms called thermophiles. From the edges 

inward, the red-brown, orange, and yellow 

rings are home to a variety of bacteria and 

microbes that thrive in these progressively  

hotter environments. The blue water at the 

center is too hot to support most microbial life.
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spores should remain on any surface that 

can get into the Martian environment. The 

Curiosity rover, for example, was assembled 

in specialized clean rooms by technicians 

in hazmat-style suits. Its components were 

wiped down with alcohol, and those that 

could tolerate high heat were cooked to 

230°F (110°C) or above. Core electronics were 

vented and sealed. 

Yet all of this work merely reduces, but 

does not eliminate, contamination. Swabs 

taken of Curiosity after sterilization found 

65 species of bacteria surviving. Those that 

lived were the hardiest, and are the ones most 

T
here are two answers to the question: 

Is there life on Mars? The first is that 

we don’t yet know, but we’re looking 

hard. The second is: Yes. “We know 

there’s life on Mars already because 

we sent it there,” says NASA’s John Grunsfeld.

We sent it there in the form of bacterial 

spores, and possibly viruses, living on our 

landers and rovers. It is impossible to com-

pletely sterilize a spacecraft, even though 

those sent to sensitive targets such as Mars 

go through extensive cleaning procedures. 

NASA’s Office of Planetary Protection dic-

tates that no more than 300,000 bacterial 

LIFE HITCHES A RIDE

 Planetary Protection

 Two methods used to prevent transport of terres-
trial life-forms are searching for contaminants with 
UV light followed by meticulous cleaning (left) and 
sterilization by heat in a giant oven (right).
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likely to hang on through an interplanetary 

voyage. Whether they could live and mul-

tiply on Mars is an open question. In a 1968 

article, astronomer Carl Sagan and colleagues 

pointed out how rapidly microorganisms can 

spread when they lack competition. “One ter-

restrial microorganism reproducing as slowly 

as once a month on Mars,” they wrote, “with-

out other ecological limitations, in less than a 

decade would result in a microbial population 

of the Martian soil comparable to the Earth.”

Space scientists call this transport of ter-

restrial life to other worlds “forward contami-

nation.” Even more challenging, perhaps, is 

the problem of “backward contamination.” 

When the first samples, or the first crews, 

return to Earth, they will need to go through 

decontamination and containment as well,  

in hopes that they did not bring alien hitch-

hikers home.

IT IS IMPOSSIBLE
TO COMPLETELY 
STERILIZE 
A SPACECRAFT.
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FEATURE: OUR FAVORITE MARTIANS
century. There he encounters green, multilimbed 

Martians, rescues a red, humanoid princess (intro-

duced “as destitute of clothes as the green Martians 

who accompanied her”), has sword fights, and oth-

erwise shows off human superiority in a series of 

adventures. Prize literature the books were not, but 

they influenced later science fiction writers such as 

Ray Bradbury. 

» MYSTICAL MARTIANS
Many books and movies have attributed psychic 

powers to Martians, ranging from telepathy (useful 

for getting around the language barrier) to tele-

portation. Robert Heinlein’s 1961 novel Stranger in a 

Strange Land is one of the most popular examples. 

The human central character, Valentine Michael 

Smith, was raised by Martians and learned their 

skills, including the ability to “grok”—completely 

understand—another person. On Earth, the naive 

and messianic Smith starts his own religion and 

is assassinated, but continues on in the afterlife. 

Heinlein’s controversial book was a best seller in 

the acid-trippy 1960s. The word “grok” is now in 

Merriam-Webster’s Dictionary.

» REALISTIC MARTIANS
Our close-up looks at the real Mars in recent decades 

have added verisimilitude to depictions of the red 

planet. Andy Weir’s 2011 novel The Martian, released 

as a movie in 2015, takes a hard-science look at what 

happens when a human is marooned on Mars—when 

that person becomes the one and only Martian. No 

aliens appear in the tale of astronaut Mark Watney’s 

struggles to survive—just a man who must adapt to 

the planet’s strange environment or die. 

P  ercival Lowell’s notions about intelligent 

beings on Mars may have been debunked 

by other astronomers, but they fired the 

imaginations of many a writer and pro-

ducer. From the late 19th century on, Martians 

have been our favorite fictional aliens. Whether 

they blast us with ray guns or guide us with their 

otherworldly wisdom, they embody our hopes and 

fears about alien life. 

» SCARY MARTIANS
Writer H. G. Wells set a high bar for menacing 

Martians with his 1898 alien invasion novel, The 

War of the Worlds. As the book starts, humans are 

blithely unaware that “across the gulf of space, 

minds that are to our minds as ours are to those 

of the beasts that perish, intellects vast and cool 

and unsympathetic, regarded this earth with envi-

ous eyes, and slowly and surely drew their plans 

against us.” In the end, the tentacled invaders in 

their tripod machines are defeated not by human 

ingenuity, but by microbes. 

» PULPY MARTIANS
Edgar Rice Burroughs, author of Tarzan of the 

Apes, also wrote a number of lively tales featur-

ing the Earthman John Carter, who is mysteriously 

transported from Arizona to Mars in the late 19th 

 Matt Damon portrays astronaut Mark Watney in 
the film The Martian. Opposite: Cover art by James 
Warhola for Robert A. Heinlein’s sci-fi novel Stranger 
in a Strange Land
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COLONISTS
LANDING SITES

A
s space agencies plan for a human 

landing on Mars, the first question to 

answer is: Where? In 2015, researchers 

gathered at a workshop at Houston’s 

Lunar and Planetary Institute to dis-

cuss this issue. In the end, they came up with 

47 different sites where the first craft could 

land and set up housekeeping. 

Each landing site has to meet certain pre-

requisites. It has to be safe for touchdown: 

no boulders, no intense dust storms, no sand 

dunes or craters or steep slopes. For warmth 

and ease of landing, it has to be within 50 

degrees north or south latitude of the Martian 

equator. Within a 60-mile (100 km) explora-

tion zone, it has to provide multiple touch-

down spots, habitation sites, and places of 

scientific interest. And that’s not all: The zone 

must also include the resources to make fuel 

and building materials, and—oh yes—have 

access to 100 tons (91 metric tons) of water. 

In some ways, the requirement that the 

zone include scientifically valuable areas is 

the most problematic. On the one hand, 

places that might harbor life are by far the 

most interesting, but the problem of both 

backward and forward contamination is 

huge. No one wants to bring home Mars 

bugs. On the other hand, if explorers avoid 

such spots, then why bother going at all?

Regardless of the eventual site, the first 

craft to visit will be robotic ones. Years 

before humans arrive, automated landers 

will touch down to deliver crucial equip-

ment, including machines to generate power, 

extract water, and set up basic habitation 

modules. The Mars Ascent Vehicle would also 

need to be dropped into position. As time 

goes by and human crews come and go, the 

first settlement will grow and begin to pro-

vide for itself, reducing the need for frequent 

supply drops. 

For now, current and future spacecraft will 

turn their attention toward gathering data 

about the proposed exploration sites so that 

mission planners can identify the lucky landing 

zone, to be visited in the next few decades. 

 Jezero crater has been designated as a possible 
landing site for a future human mission to Mars. 
Opposite: Early explorers sent to the planet will have 
to perform scientific research in addition to focusing 
on survival.

PLACES THAT MIGHT
HARBOR LIFE ARE 
BY FAR THE MOST
INTERESTING . . .
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only fuel and building materials, but also  

rovers and robots ready to move from one 

place to another to assemble a temporary 

shelter. When crews arrive, they will work  

out of an initial small habitat. Over time and 

with many missions, the first settlers will 

begin the difficult task of building a safe and 

permanent home. 

In some ways, the best location for the Mars 

settlement is underground. Mars likely has 

lava tubes, massive channels under its sur-

face carved out by molten lava in the planet’s 

more active geologic past. Such a cave, close 

W
elcome to Mars, with its unbreath-

able atmosphere, subglacial tem-

peratures, and cancer-inducing 

radiation. It has no food, no shel-

ter, no infrastructure, no power 

sources, and no emergency responders if 

anything goes wrong. How will the first arriv-

als live long enough to build a colony? And 

where will they live?

All plans for Mars settlement call for a  

preliminary flurry of uncrewed craft to deposit 

supplies on the surface before the first 

humans arrive. These drops would include not 

THE FIRST SETTLEMENT

 Home Away From Home
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to an underground glacier, could protect 

buildings from radiation and temperature 

swings and provide quick access to water. 

Finding such sites and building there is a  

difficult proposition, however, and the Martian 

soil itself, the regolith, contains some chemi-

cals that are hazardous to human health.

There are scenarios for Mars habitats that 

employ the wonders of 3-D printers, which 

could use the resources of the Martian soil 

to build complex structures. In 2015, NASA 

awarded prizes to three winners in its 3-D 

Printed Habitat Challenge. The top prize went 

to Mars Ice House, designed by an archi-

tecture and space design collective. In their 

plans, a lander touching down in an ice-rich 

region serves as the center of the habita-

tion. After deploying a thin film membrane in 

a dome around the lander, semiautonomous 

3-D printers build an inner and outer ice shell 

within the dome. The ice blocks radiation 

while allowing light for vertical gardens and 

providing the settlers with natural cycles of 

day and night. The resulting habitat is both 

practical and attractive—a rarity among  

space structures. 

 An aboveground design for a Mars habitat on  
this scale would need to be assembled over many 
missions, with the components to be shipped ahead 
of time on several uncrewed missions.
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At roughly 9 x 9 x 12 inches (23 x 23 x 30 cm), the MOXIE experimental package is a compact but crucial 
device scheduled to travel aboard the upcoming Mars 2020 rover. MOXIE is an acronym for “Mars OXy-
gen In situ resource utilization Experiment,” but the English word “moxie” is fitting: The instrument has 
the bold task of extracting oxygen from the Martian atmosphere. Its principal designer, Michael Hecht of 
Massachusetts Institute of Technology (MIT), describes it as a “fuel cell run in reverse.” Instead of using 
oxygen and fuel to produce electricity, MOXIE will use electricity to produce oxygen. Running at a sizzling 
1472°F (800°C), it will feed filtered CO2 from Martian air through an electrolyzer, which will split the gas 
and extract pure O2 . The experimental device produces a modest 0.35 ounces (10 grams) of oxygen an hour 
(roughly four minutes’ worth for one person), but if successful, it would be the prototype for a much larger 
machine delivered ahead of human settlement to the Martian surface. 

GEAR
»MOXIE

RESOURCES

 Life Support

T
he first Martian colonists will need oxy-

gen, water, shelter, food, and energy. 

As human crews and their robotic 

aides build out the initial Mars colony, 

they may want to organize the site into 

four areas. A habitation zone might include 

living quarters, research stations, storage, and 

greenhouses. At a safe distance would be the 

primary lander zone, the local spaceport for 

landers and ascent vehicles. Somewhat closer, 

the cargo lander zone would handle incoming 

freight, ferried to and from the habitations by 

trundling shuttles. Spreading around the habi-

tation are power zones as well as facilities for 

extracting oxygen, water, and methane from 

Martian air and water.

Although there is virtually no breathable 

oxygen in the Martian atmosphere, a relatively 

simple electrolysis process can break gaseous 

and liquid oxygen out of the CO2 for both life 

support and rocket fuel. Water, too, can be 

extracted from water vapor in the atmosphere, 

frozen, and stored as ice. Microwaves directed 

at subsurface ice might also be able to melt it 

into water. 

Solar panels would undoubtedly provide 

much of the energy for a Mars colony. How-

ever, dust storms and the weaker impact of 

a more distant sun pose challenges to solar 

energy as a sole source of power. Nuclear 

power will probably have to supplement solar, 

possibly in the form of underground nuclear 

reactors as well as nuclear batteries, already 

used by some spacecraft. 

Colonists will have to become adept at 

farming within pressurized greenhouses. 

Martian soil actually contains the primary 

nutrients that plants need. Water is of course 

essential, whether the plants grow in soil or 

hydroponically. Carbon dioxide exhaled by 

settlers can be extracted and used to feed the 

plants, which would in turn supply oxygen to 

the inhabitants—just as they do amid the big 

greenhouse we call Earth. 

 Martian habitat designs feature greenhouses, 
which would be used for oxygen and food produc-
tion to supplement the astronauts’ diet.
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loss that affects astronauts today. Not only 

do bones thin out in low gravity, but the 

calcium they dump in the bloodstream can 

lead to kidney stones, constipation, and even 

depression. Without sufficient stress, both 

skeletal muscles and heart muscles weaken 

as well. As on the International Space Station 

(ISS), eyesight could also be affected in low 

gravity, as could the delicate mechanisms  

of the inner ear.

Planners will also have to solve the radiation 

problem. The thin Martian atmosphere blocks 

some deadly cosmic rays, so colonists would 

receive about the same amount of daily 

C
ould human settlers stay healthy  

on Mars? We simply don’t know—yet.  

All of our information about extrater-

restrial health comes from the experi-

ences of astronauts and cosmonauts 

aboard space stations. Many of the problems 

that they have experienced would apply also 

to a stay on Mars, but to different and as yet 

unknowable degrees.

We already know that bones lose mass in 

low gravity. The Martian gravity is 38 percent 

of Earth’s: enough to provide some resistance, 

which helps maintain strength, but possibly 

not enough to prevent the steady calcium 

HEALTH ON MARS

 The human body will be constantly bombarded by 
radiation after leaving Earth. Opposite: StemRad’s 
AstroRad Radiation Shield is designed to protect 
astronauts’ vital organs from radiation.
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radiation as astronauts on the ISS. In the short 

run, this is not a dangerous amount, but over 

years it would add up to cancer-causing and 

brain-damaging levels. Settlers would need 

heavily shielded buildings as well as specially 

designed space suits when venturing outside. 

Even the Martian dust contains hazards. 

Recent missions that sampled Mars’s soil have 

detected perchlorates, endocrine-disrupting 

chemicals toxic to the thyroid gland. Colonists 

might have to take some kind of medication 

to prevent hypothyroidism on Mars. 

Strenuous exercise, medicine, shielding, 

and advances yet to come may handle most 

of these challenges. Yet accidents and rare 

illnesses would be inevitable over time. Any 

Mars colony will need to have versatile physi-

cians, medical infrastructure, and a wide sup-

ply of medications to keep its people alive. 

Earth doctors will not make house calls. 

ANY MARS COLONY
WILL NEED TO 
HAVE VERSATILE
PHYSICIANS.
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FEATURE: MARS ON EARTH
what is truly practical in a Martian environment. 

For instance, Mars Society workers have found 

that small, mobile vehicles are better than large 

ones; simple, easy-to-repair instruments are pre-

ferred to sophisticated ones; and that clambering 

about in a space suit is tiring work.

Meanwhile, at the other end of the world, NASA 

and the National Science Foundation are studying  

T  he physical challenges of traveling to 

Mars and settling there are hard to mimic 

on Earth. We cannot deliberately expose 

volunteers to radiation, perchlorates, or 

long-term low gravity. We can, however, simulate 

the psychological stresses of such a venture. On 

outposts near the North and South Poles, in the 

desert, on volcanoes, and under the sea, Mars 

analog sites have tested the ability of small groups 

to endure isolation, confinement, and extreme 

environments.

» RUSSIAN MARS
Between 2007 and 2011, the European Space 

Agency and the Russian Institute for Biomedical 

Problems confined three groups of volunteers 

within a simulated spacecraft in Moscow. In  

four sealed habitat modules and a Mars environ-

ment module, totaling about 20,000 cubic  

feet (566 m3), the crews went through the tasks 

of a voyage to and a landing on Mars. The final 

stage of the experiment lasted a record 520  

days. The good news for mission planners is  

that the crew members tolerated the isolation 

fairly well. The biggest problem may have been  

a creeping lethargy and general boredom—a 

problem reported by other Mars analog crews  

as well. 

» POLAR MARS
In the far north, Canada’s Devon Island serves as 

a Mars substitute for both NASA and the private 

Mars Society. The barren island is frigid, dry, and 

rocky, and it even has its own exposed crater.  

On the island, more than 100 researchers explore 

 Crew members Annie Caraccio and Lucie Poulet  
collect data during a HI-SEAS mission at a Mars  
analog environment on the northern slope of Mauna 
Loa in Hawaii. 
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Loa volcano, 8,000 feet (2,400 m) above sea 

level, crews have spent four, eight, and 12 months 

living in a 1,200-square-foot (111 m2) solar-powered 

dome. Inhabitants can leave the habitat only in 

space suits and communicate with the outside 

with a 20-minute delay, as they would on Mars. 

“Bring something to work on. Something mean-

ingful to work on,” says German physicist Chris-

tiane Heinicke. “One of your biggest enemies is 

boredom.” Another lesson: Fresh air smells awfully 

good after a long time away. 

110 volunteers at the McMurdo and South Pole 

Stations in Antarctica. There, temperatures at 

Mars-like levels of minus 100°F (-37°C), isolation, 

and extremes of light and dark approximate the 

challenges of Martian life.

» MOUNTAINTOP MARS
Far from Antarctica, but similarly isolated, is  

the NASA-funded research program HI-SEAS 

(Hawaii Space Exploration Analog and Simula-

tion). On the northern flank of Hawaii’s Mauna  



CLOSER TO MARS
Concordia Research Station in Antarctica is 

an ideal place for potential Mars-bound astro-

nauts to get a taste of life on another world. 

Residents endure nine months of complete 

isolation, four months without sunlight and in 

extreme cold, and they breathe air containing 

one-third less oxygen than available at sea level.
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since its 2012 arrival on the red planet. With 

an updated design, similar rovers could carry 

cargo and help assemble buildings in a future 

Martian colony. 

Rovers don’t have to look or act like little 

trucks. Data about the weather, subsurface 

water, and more could be collected by rolling, 

bouncing tumbleweed rovers. Blown here and 

there by the Martian wind, these lightweight 

balls would carry an instrument package 

across the surface and transmit the results 

G
etting around on Mars will not be a 

walk in the park. Every crewed mission 

now in development includes a plan 

for rovers, small and large, to carry 

people and equipment from place to 

place or to gather information. 

NASA has been encouraged by the suc-

cess of the robotic rovers now on the Mar-

tian surface. At close to 10 feet (3 m) long 

and 2,000 pounds (900 kg), the six-wheeled 

Curiosity rover has proven a sturdy traveler 

FUTURE ROVERS

 Off-Road Vehicles

 NASA tests a concept for the surface version of a 
multipurpose Space Exploration Vehicle in Arizona. 
Above: A Mars rover concept vehicle on display at 
the Kennedy Space Center Visitor Complex
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back to base. Prototypes have already been 

successfully tested in Antarctica. 

Transporting passengers and scientific equip-

ment across Mars requires a bigger machine. 

In 2017, the Kennedy Space Center unveiled a 

prototype for such a transport. Twenty-eight 

feet (8.5 m) long and weighing 2.7 tons (2.5 

metric tons), the six-wheeled, Batmobile-like 

vehicle runs on a solar-powered electric motor. 

It is designed to hold life support, navigation, 

and communications systems. The forward 

section can carry up to four crew members 

on long-distance scouting missions. The rear 

section, a laboratory, can detach and move 

autonomously. On a smooth surface the rover 

can move up to 68 miles an hour (109 km/h), 

though smooth surfaces are unlikely on Mars. 

As cool as it looks, this particular rover is more 

of an inspirational vehicle than a final design at 

this point. Engineers have yet to settle on the 

best system for designing, landing, and assem-

bling these vital components of a Mars colony.



MARTIAN OUTERWEAR

 Suiting Up

S
pace suits will be required outerwear 

in our Martian colonies. They’ll need 

to be tailored to the planet’s environ-

ment—its gravity, dust, rough surface, 

radiation, and atmosphere. They’ll 

have to be tough, yet flexible enough to allow 

wearers to tie a knot or pick up a pebble. They 

must be cleanable, too, not only to remove 

dust from the exterior and seams, but also to 

air out the sweaty funk that accumulates over 

hours of activity. Suits currently used by space 

station astronauts for extravehicular activi-

ties (EVA) won’t work. They’re engineered for 

weightlessness and vacuum, and clearly, those 

boots aren’t made for walking.

NASA’s researchers and others have been 

working on a variety of prototypes for Mars 

suits. NASA’s Z-series suits are now in their 

second iteration, the Z-2. The garment’s hard 

upper torso features a rear-entry hatch that 

can be attached to a pressurized rover port, 

so that the wearer slides in and out of the suit 

through the back. It’s also adjustable at the 

shoulder and waist to fit a range of crew sizes. 

The Z-2’s lower torso is flexible for easy walk-

ing, with hiking-style boots. It’s not lightweight, 

though, at roughly 143 pounds (65 kg). That’s 

the equivalent of 54 pounds (25 kg) on Mars.

Also in the early stages is the more traditional 

looking Prototype Exploration Suit, or PXS. 

Designed to be modified for either EVA or sur-

face work, the PXS could be produced in sec-

tions by 3-D printers in the Martian settlements.

Both the Z-2 and the PXS are conventional 

gas-pressurized suits, essentially bags full of 

air. These surround bodies with Earth-level 

pressures, but add bulk and stiffness. The 

prototype BioSuit, designed by researchers at 

MIT, takes a different approach. The skintight 

garment wraps the body like a bandage, keep-

ing it pressurized mechanically. When cool, 

the suit is slightly looser and can be pulled on; 

heating coils then tighten it around the body. 

A conventional helmet and life support back-

pack provide air to breathe. This suit, too,  

may end up being produced on 3-D printers.

 Although most Mars space suit design concepts  
are big, bulky, and stiff, this suit by SpaceX looks 
sleek and flexible.

Many plans for Martian exploration depend upon 3-D printers for their realization. These versatile devices, 
invented in the 1980s, work like ink-jet printers that pass over the same spot again and again. The object 
to be printed is first modeled through computer-aided design. The digital design is then uploaded to the 
printer, which sprays molten plastics or powders through a nozzle to build up the object layer by layer, 
each a precise cross section dictated by the software. Objects from 3-D printers are often made from 
acrylonitrile butadiene styrene plastic—better known as LEGO plastic—but in theory the devices can use 
just about anything that melts and hardens, including metal. Astronauts aboard the International Space 
Station have already employed a prototype the size of a small microwave to make tools and containers. 
The same sort of machine, built for Martian conditions and using the materials of the Martian surface,  
may one day produce a range of necessities from space suits to habitats.

GEAR
»3-D Printers 
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 The Mars Ice House design, 
illustrated here, provides pro-
tection from radiation as well  
as abundant natural sunlight.



CHAPTER FIVE

OUR FUTURE
ON MARS

Outposts on Mars may never become more than that.  
Like Antarctica, the planet might remain a base for research.  
Even so, we cannot stop thinking about the next step and the  

one after that. What would it take to build a civilization on Mars 
—or even to shape the planet itself to human requirements? 



RED MARS
SETTLING IN FOR THE LONG HAUL

 NASA designed a series of posters for Mars, 
recruiting farmers, miners, explorers, technicians, 
teachers, and more. Opposite: A design for a Martian 
habitat with abundant water features

A
ssuming—and it’s a big assumption—that 

we establish a scientific station on Mars, 

what happens next? Will we expand that 

base into a permanent colony? 

NASA, as yet, has not committed to a 

long-term settlement on Mars. Instead, astronauts 

will come and go to the exploration zone each 

time a good launch window arrives. Every crew 

will build up the infrastructure a bit more. The 

idea is to make the settlement as self-sufficient 

as possible, but not a multigenerational home.

Other private exploration groups make big-

ger promises. Elon Musk, of SpaceX, proposes 

sending thousands of paying customers to  

a Martian colony. These travelers would have 

the option to return, but the billionaire entre-

preneur, like some others, invokes the need 

to find an alternate home for humankind in 

the event of a catastrophe on Earth. “History 

is going to bifurcate along two directions,” 

he has written. “One path is we stay on Earth 

forever, and then there will be some eventual 

extinction event. The alternative is to become 

a space-bearing civilization and a multiplane-

tary species.” So far, Musk’s plans focus mainly 

on his company’s rockets, with few details 

about how the colony would function.

The nonprofit group Mars One, based in 

the Netherlands, is also devoted to sending 

colonists to the red planet. According to the 

group’s road map, the first crew would arrive 

in 2032, building up to 20 settlers by 2040, 

all of them one-way travelers. According to 

the organization, “The first men and women 

to go to Mars are going there to stay.” Critics 

have questioned whether the group has truly 

worked out the complex funding and techni-

cal details of its plan. 

Even if such a colony turns out to be fea-

sible, a growing human population may not be 

content to live in domed habitats, surrounded 

by a deadly environment. Many futuristic 

thinkers say that if we’re going to live on Mars, 

we should engineer the planet to become 

more like Earth—a process called terraforming. 
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add to the mix. A thicker atmosphere would 

warm the planet further, which would release 

more carbon dioxide, and so forth in the kind 

of climate change we see on Earth today. 

The next step: Add small photosynthetic 

organisms. Consuming the perchlorates and 

nitrogen in the soil and the carbon dioxide 

from the atmosphere, the plants would begin 

to add oxygen to the atmosphere. As tem-

peratures and pressures rise, a water cycle 

like that on Earth will start. Water will begin 

T
he challenges of building a sustainable 

colony on Mars are trivial compared 

to the challenges of transforming 

the entire planet into a green and 

Earthlike realm. And yet the idea has 

received serious attention. Terraforming is  

still more science fiction than science, but 

most researchers agree on some basic steps.

Earthlike life on Mars that could sustain 

humans would need water, a thick oxygen-

rich atmosphere, and warmth. To make this 

happen, we would have to add greenhouse 

gases, such as perfluorocarbons, methane, 

carbon dioxide, and water vapor, to the Mar-

tian atmosphere. The important greenhouse 

gas, carbon dioxide, is already present in the 

soil and ice caps and could be released by 

targeted warming (see pages 106–107). Some 

researchers have also proposed importing 

ammonia ice from the outer solar system to 

IN THE LONG RUN, 
MARTIAN INHABITANTS
COULD TAKE OFF
THEIR GAS MASKS 
AND WALK FREE . . .

TRANSFORMING A PLANET

 Green Mars
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to take over, and rivers will start to flow. Ter-

raformers could add trees, insects, and other 

small animals. In the long run, Martian inhabit-

ants could take off their gas masks and walk 

free on the green surface of the planet.

How long is that long run? Extremely long. 

Optimistic projections, assuming major scien-

tific advances, range from 600 to 1,000 years. 

More realistic ones say about 100,000 years. 

But eventually, in hundreds of millions of 

years, solar radiation will strip away the new 

Martian atmosphere, as it did the old one. And 

there’s another big issue: existing Martian life. 

If native life—even in the form of microbes—

does turn up on Mars, do we have the right to 

change its world into a version of our own?

IN THE LONG RUN, 
MARTIAN INHABITANTS
COULD TAKE OFF
THEIR GAS MASKS 
AND WALK FREE . . .
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 Above: The gradual transition of Mars from red planet 
to green planet. Right: Once barren, Ascension Island is 
an example of terraforming on Earth.
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and kick-start the greenhouse process. How-

ever, with current technology such bombs 

would need to explode every 20 minutes  

for decades; the whole venture would cost 

trillions of dollars.

A cheaper alternative would be to bomb 

Mars with asteroids. With the aid of orbital 

mechanics, a robotic craft could steer an 

ammonia-rich asteroid from the outer solar 

system toward Mars. The impact of one 

such icy body could create enough heat to 

produce a meltwater lake 87 miles (140 km) 

wide. Furthermore, ammonia is a potent 

greenhouse gas. Adding it to the atmo-

sphere would hasten the greenhouse effect. 

Terraformers might also “dirty up” the 

polar caps. Transporting dark grit from the 

moons Phobos and Deimos and spreading 

it across the ice would reduce the planet’s 

H
eat is the gateway to terraform-

ing Mars. Heat releases greenhouse 

gases, which thicken the atmo-

sphere, which warms the planet 

further. Terraforming proponents 

have suggested several ways to accomplish 

this, some of which have the alarming word 

“bomb” in them.

In 2015, The Late Show host Stephen  

Colbert asked irrepressible space entrepre-

neur Elon Musk how he would warm Mars. 

“The fast way is drop thermonuclear weap-

ons over the poles,” Musk replied. He later 

clarified that the bombs wouldn’t detonate 

on the surface. Instead, a series of fusion 

bombs would be exploded in the atmosphere 

over the Martian poles, creating “essentially 

. . . two tiny pulsing suns.” Their heat would  

melt the poles, release the trapped CO2,  

BRINGING THE HEAT

 Experts have proposed a variety of solutions to 
warm Mars’s surface, including the introduction of 
hydrocarbons into the atmosphere to help insulate 
the planet and an orbiting array of small mirrors that 
would reflect more sunlight onto the planet’s surface.  

    1 0 6         M A R S :  S E C R E T S  O F  T H E  R E D  P L A N E T



E X P L O R I N G  M A R S         1 0 7    

When people have questions about terraforming Mars—or about life on that planet in general—they often 
turn to Chris McKay for answers. McKay is a planetary scientist at NASA’s Ames Research Center, where 
he studies the evolution of the solar system and the origin of life. Raised in Florida, McKay received a  
doctorate in astrogeophysics from the University of Colorado in 1982, not long after the Viking landers 
began NASA’s long search for Martian life. He has since spent much of his time exploring extreme loca-
tions on Earth—the Atacama Desert, Antarctica, Siberia, and elsewhere—where conditions for life might 
approximate those on other worlds. His studies of the requirements for terraforming Mars, conducted 
with Owen Toon and James Kasting, remain the gold standard for the field. Although he believes that 
terraforming might be possible over many millennia, McKay advocates caution. If Martian life is already 
there, he notes, we’ll have to be extra cautious and put Martian life first. 

PROFILE
»Chris McKay

reflectivity, or albedo, so that the surface 

absorbed more solar energy.

Less dramatic, and more elegant, is the  

mirror solution. In this plan, hundreds of large, 

orbiting mirrors would focus sunlight onto 

selected spots of the Martian surface. Warmth 

from those spots would heat the atmosphere 

and melt water ice. The intense light could 

also boost solar power in those locations. 

These orbiting mirrors, made of solar sail 

material, would probably have to be con-

structed in space.
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FEATURE: THE LONG ROAD TO BLUE MARS
which states that “Outer space, including the 

moon and other celestial bodies, shall be free 

for exploration and use by all States without dis-

crimination of any kind . . . and there shall be free 

access to all areas of celestial bodies.” However, 

individual countries now own their own equipment 

and habitats, such as those on the International 

Space Station. On Mars, colonists would have to 

consider whether they would continue to own 

allegiance to their home countries (or companies), 

or whether they would establish their own consti-

tution and safeguards against local tyranny. Such 

a constitution might include new kinds of rights, 

including the right to breathable air. 

T  erraforming Mars involves not only big 

scientific advances, but also big social 

advances—and those may be harder to 

achieve. To establish a colony and trans-

form a planet’s surface would take a huge com-

mitment of time, money, and cooperation from 

governments and/or corporations on Earth and 

then on Mars. Long-term plans for Martian habita-

tion and terraforming will have to include a social 

and ethical framework as well as a scientific one. 

They will also have to anticipate the evolution of 

humans themselves.

» YEAR 100
The first settlers will be confined to spartan habi-

tats and hard work as they begin the task of ter-

raforming. This could also be the time when a 

political system is put into place. Currently, space 

exploration is covered by international space law, 

 Below: An artist’s concept of what Mars would look 
like as terraforming transformed the planet’s surface 
from the current dead, orange surface to a vibrant 
blue and green Earth twin



O U R  F U T U R E  O N  M A R S        1 0 9       

might affect human populations over time.  

However, people with bigger, stronger bones  

may cope better with bone loss in Mars’s low 

gravity, and pass those traits down to bigger-

boned descendants. Dim light might give an 

advantage to larger eyes. Darker skin pigments 

could help protect against radiation-caused skin 

cancers. On Blue Mars, the inhabitants would still 

be human, but also, recognizably, Martian. 

» YEAR 1000
Assuming big scientific breakthroughs, Mars could 

be turning green and blue after a millennium or 

so. The atmosphere might not yet be breathable, 

but people could venture out with no more than 

the equivalent of scuba gear. Given the warmer 

temperatures, oceans and rivers will fill low places 

on the Martian surface. The northern hemisphere 

and the depths of Valles Marineris would be 

largely blue. Olympus Mons and the higher regions 

around it might still be dry and red. And ethical 

concerns about our right to transform another 

planet might be addressed by the establishment 

of domed Martian environments—parks that pre-

serve the planet as it once was.

» YEAR 6000
Even though Mars accommodates itself to human 

bodies, human bodies will be changing to live  

on Mars. It’s hard to predict how random muta-

tion, possibly accelerated by Martian radiation, 

 A NASA illustration of what a greener, wetter Mars 
may have looked like in the distant past



GREETINGS FROM MARS
At a time when exploring our own planet is 

often as simple as buying a ticket, humanity’s 

dreamers are turning to more distant horizons 

for inspiration. The Apollo missions brought us 

the iconic photographs of footprints in dust on 

the moon; artists like Julien Mauve anticipate 

our future footprints on Mars.
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 ESA’s Mars Express captured this view of Mars’s 
south polar ice cap and Hellas Basin and beyond.





FA S T- F O R WA R D  TO  M A R S 

N ATG E O B O O K S            @ N ATG E O B O O K S

© 2018  National Geographic Partners, LLC

AVA I L A B L E  W H E R E V E R  B O O K S  A R E  S O L D
A N D  AT  N AT I O N A LG E O G R A P H I C .CO M / B O O K S

Stunning photography and amazing 
visuals of the red planet and outer 
space bring the Mars experience 
to life.

Celebrated NASA astronaut and space 
photographer Terry Virts presents 
his astonishing aerial images of Earth, 
along with captivating tales of life at the 
edge of the atmosphere.

Buzz Aldrin speaks out as a 
vital advocate for pushing the 
boundaries of the universe. In this 
book Aldrin plots out the path to 
take humans to Mars by 2035.

Half a century after walking on 
the moon, one of our country’s 
most celebrated astronauts, 
Buzz Aldrin, speaks from the heart 
and shares 13 rules to live by. 

T H E  R E D  P L A N E T  I S  T H E  N E W  F R O N T I E R  I N  S PA C E  E X P LO R AT I O N . 
LO O K  TO  N AT I O N A L  G E O G R A P H I C  F O R  T H E  L AT E S T  O N  T H E 
C O S M O S  A N D  W H AT  C O U L D  B E  O U R  F U T U R E  H O M E .

SP
EC

IA
L P

U
B

LIC
A

TIO
N

    
M

A
R

S

Search for Life
Meet Space Travel Heroes

Discover Rare Views

MARS 
Secrets of the Red Planet

An artist’s rendering of the 
Martian crater Schiaparelli  

DISPLAY UNTIL 7/13/18   

TIME INC. SPECIALS


	1NGS15781-00_Cover_TimeIncUS_FRT
	1NGS15781-00_InsideCoverL
	1NGS15781-00_InsideCoverR
	2NGS15781-00_BLank
	3NGS15781-00_Ch1
	4NGS15781-00_Ch2
	5NGS15781-00_Ch3
	6NGS15781-00_Ch4
	7NGS15781-00_Ch5
	8NGS15781-00_Ch6
	9NGS15781-00_BLank copy
	10NGS15781-00_Cover_TimeIncUS_BK

