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On July 21, 1969, the first men 
to walk on the Moon rocketed 
back to their waiting space-
craft for the trip home.



F
ifty years ago, humans first walked on the 

Moon. It was both an alien and strange world 

and a familiar and comforting neighbor. This 

journey into deep space solidified Earth’s 

companion as the next frontier of exploration and 

scientific research. Only a dozen men have been on 

the Moon—the last pair’s voyage was 47 years ago. 

Those six Moon-walking Apollo missions spent a 

total of just 300 hours on the surface of our satellite. 

From that time, astronauts brought back a treasure 

trove of observations and lunar samples, which con-

tinue to reveal secrets about the Moon—and also 

about Earth.

Since those missions decades ago, humans have 

sent spacecraft after spacecraft into lunar orbit and 

to the Moon’s surface. These robotic explorers have 

uncovered an incredible depth of knowledge about 

the Moon, discovering water ice, measuring the 

thickness of the crust, and mapping chemicals on the 

surface. Exploration of the Moon shows no signs of 

stopping. A new spacecraft landed in January 2019, 

and others are scheduled to launch soon. All of these 

robotic voyagers are helping to advance the explora-

tion of the Moon, and they are also setting the stage 

for humans to return to the surface—for us to once 

again be physically connected to that world. From 

annual lunar celebrations and artwork to cultural tra-

ditions and mythology, the Moon’s influence on the 

human experience—as well as our imaginations—is 

profound. In a solar system abundant with celestial 

objects, the Moon is unlike any other. 

INTRODUCTION

THE MOON’S 
INTRIGUE

I N T R O D U C T I O N           5
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plural of “mare”), which are impact basins filled with 

dried lava, while the far side has a thicker crust and 

is covered in heavily cratered, lighter-colored mate-

rial. The near side is the only area on the Moon that 

has been sampled; therefore, it has been studied far 

O
ne side of the Moon always faces Earth—

the so-called near side (below). The far 

side (opposite) faces away. Interestingly, 

the two hemispheres host different 

geologies: The near side has more dark maria (the 
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more by scientists. All six crewed Apollo missions, as 

well as the three Soviet robotic missions that returned 

Moon material, landed on the near side. Scientists are 

eager for samples from the far side to investigate how 

the two hemispheres differ. Earlier this year, China’s 

Chang’e 4 became the first and only spacecraft to 

have landed on the far side, when it touched down at 

Von Kármán crater, in the southern polar region. For as 

much as we have learned about the Moon, one thing 

is clear—there is so much more left to explore. 



CHAPTER ONE

THE MOON’S 
STORIED HISTORY

Our Moon. Our constant companion. Whether rural countryside or 
bustling city, it lights the way through the dark of night. It remains 

a familiar beacon in the sky, aiding timekeepers and farmers, 
influencing culture and religion, inspiring scientific inquiry, and 

motivating political endeavors. 



Centuries ago, in Chaco  
Canyon, New Mexico, an artist 

depicted a crescent Moon.
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A
s it trails across the sky, the illuminated 

disk of the Moon moves through its 

cycle—from new Moon (dark) to crescent 

(partially lit) to gibbous (mostly lit) to 

full Moon (fully lit) and back again. Cultures have 

been tracking this lunar cycle for tens of thousands 

of years, and records of those rhythms have pro-

vided a way to mark the passage of time. 

The Moon’s new-full-new cycle takes about 29.5 

days—about one month. In fact, the term “month” 

stems directly from “Moon.” While the Sun is the 

foundation of our current Gregorian calendar, the 

lunar cycle remains an integral part of religions and 

cultures across Earth, marking important events and 

milestones. For example, many Chinese festivals are 

based on the lunar calendar (like the Mid-Autumn 

Festival, which celebrates the brightest full Moon of 

the year), and both the Jewish and Islamic calendars 

are guided by lunar cycles. 

Of course, the Moon has long been more than just 

a timekeeper. Its prominence in the sky has influ-

enced humanity for millennia. The Moon has been 

associated with deities such as Selene, daughter of 

the Greek titans Hyperion and Theia, who was said 

to drive the Moon in her chariot across the sky each 

night. Pagans also worshipped Earth’s satellite and 

its influence on cycles in nature. In some cultures, 

such as those of Egypt and Arabia, the Moon was 

seen as male, and in many others as female. In many 

cultures—as exemplified in Korean mythology—the 

Sun and Moon were often connected as siblings or 

companions of some sort, and almost always each 

was assigned a separate gender. 

Humans have built structures—like Neolithic stone 

circles in Scotland and pyramids in Mexico—to honor 

that brilliant waxing and waning orb in the night sky. 

The crescent Moon and star is a symbol associated 

with Islam and is featured on several countries’ flags, 

including those of Turkey, Libya, and Pakistan.

But what about how humans interpret what we 

see when gazing at the Moon? This perception, too, 

has roots stemming from ancient times. Look at the 

glowing full Moon in the night sky, and you will be 

able to differentiate darker patches from lighter 

ones. In the areas of light and dark, do you see 

shapes? Humans have a tendency to pick out known 

objects in the shapes of the unknown, and we’ve 

been doing that for centuries with the Moon. Some 

Western cultures see a man’s eyes, nose, and mouth 

in the dark patches of the lunar disk, the so-called 

Man in the Moon. Some Chinese recognize a hare 

on the surface. Old England saw a man carrying a 

lantern. The Maori people, an indigenous Polynesian 

population in New Zealand, observed a woman with 

A CULTURAL ICON

In medieval times observers used astrolabes, like this 
one, to chart the position of celestial objects.



A Moon engraving in the 
northwestern region of the 
Czech Republic, dating back 
to 1500 b.c.



Some people see a face in the 
Moon’s lava plains. They see (1) 
Mare Imbrium as one eye, (2) Mare 
Tranquillitatis as the other eye, (3–4) 
Mare Vaporum and Sinus Medii as 
the nose, and (5–6) Mare Cognitum 
and Mare Nubium as the mouth.
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» When Earth was the 
center of the universe

Centuries ago, philosophers believed Earth 

was the center of the universe. Based on the 

teachings of Claudius Ptolemy, it was thought 

that the Sun, the Moon, and the stars orbited 

Earth, which was believed to remain completely 

stationary. In modern science, we know the Moon 

orbits Earth, which orbits the Sun along with 

seven other planets and their satellites, and 

countless asteroids and comets. The Sun is one  

of several hundred billion stars in our galaxy, the 

Milky Way, which moves with billions of other 

galaxies, all in the fabric of space-time. 

a bundle of gourds. Still in some places, like Angola 

and China, folks picked out a toad. 

As humans began to learn more about the Moon 

and about science, some intriguing theories about 

the Moon’s influence entered the conversation. 

Many people believed celestial objects affected 

personality, health, and disease—for example, they 

thought that the Moon brought fever, and even 

abrupt psychiatric changes (hence the terms “luna-

tic,” “lunacy,” and “loony”). Then there’s the folklore, 

like the tale of a man who morphs into a werewolf 

when bathed in the light of the full Moon, wreaking 

havoc on society. Scientists are still investigating 

whether human and animal behaviors do in fact cor-

relate with lunar cycles. Although, as any scientist 

knows, correlation does not mean causation. 

This sculpture depicts the goddess of the Moon, known as Selene in Greek or Luna in Latin. It dates back to the third 
century a.d. and is displayed in the Chiaramonti Museum at the Vatican Museums. 
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British scientist Thomas Harriot sketched the first known drawing of the Moon from observation with a telescope on July 
26, 1609 (left). As his telescopes improved, he refined his sketches and released his lunar map in 1612 or 1613 (right). 

Up until that point, it was thought that everything 

that existed in the cosmos orbited Earth in a celestial 

sphere, with all the stars fixed on the surface of the 

heavens. Galileo’s astronomical studies of the Moon, 

along with the moons of Jupiter and the phases of 

Venus, threw that theory out the window.

In the years that followed, observer after observer 

looked through early telescopes to sketch maps of 

the lunar surface. 

Those observers named features on the Moon 

after royal family members, scientists, and Earth’s 

regions and natural landforms. Some believed that 

the dark regions that are visible from Earth were 

water features like seas and oceans. Today, while 

we know these are actually impact basins filled with 

solidified lava, their early names endure and we still 

call them “mare” and “oceanus.” 

These early lunar observers often charted the  

variety of lunar landscapes, but they were not always 

accurate. That’s where Johannes Hevelius made 

great strides. He spent years creating more accurate 

I
n 1609 Thomas Harriot pressed his eye to the end 

of a tube with a convex lens and a concave eye-

piece. That lens magnified the Moon, which was 

five days past new Moon, bringing details into 

view that no human eye had ever seen. He sketched 

what he saw of the crescent Moon, making out the 

craggy line where sunlight peeked through valleys 

between mountains and crater tops. He drew the 

darker regions of long-frozen lava fields in what is 

known today as Mare Crisium. Much has evolved in 

lunar study—from the tools to the scientific under-

standing of the Moon—but it all began with this first 

observation through an early telescope.

Galileo Galilei would begin his revolutionary study 

of Earth’s companion a few months later. With his 

rudimentary telescope, he watched shadows move 

and change on the surface during the Moon’s 29.5-

day phase. From his observations, Galileo under-

stood that the Moon was covered by mountains and 

craters and valleys—it was not smooth as philoso-

phers had previously long believed and expected. 

HOW THE STUDY OF 
THE MOON BEGAN



Galileo Galilei first observed 
the Moon through a telescope 
in 1609. In this illustration, he 
explains lunar features to two 
Catholic cardinals.



Borepudae quia volut alicto 
tem sequasi tiumquunt rem. 

Beaque pratiosam fugiae nist.

French astronomer and artist 
Étienne Léopold Trouvelot  
created this print of the  
Moon passing through 
Earth’s shadow. 
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representations of all that is visible from Earth on 

the Moon’s surface. He published Selenographia in 

1647, a series of dozens of lunar observations. It was 

the first Moon atlas, but its impact was far greater. 

Hevelius’s maps also indicated another lunar curios-

ity: They seemed to show more than 180 degrees of 

the Moon. This so-called libration comes from the 

relationship of the Moon’s rotation and its slightly 

elliptical orbit about Earth. That relationship makes 

the Moon appear to rock back and forth, showing 

observers 58 percent of its surface during an orbit. 

Astronomers mapped the mountains and ridges, 

the craters and maria across the Moon’s surface. 

Some thought they saw active geology, like erupt-

ing volcanoes. We know now that the surface has 

long been devoid of geologically active features. 

Observations of the lunar features would only 

improve over time, especially with the introduction 

of photography in the mid-1800s. Once astronomers 

had the capability to take long-exposure photo-

graphs to capture detail in Moon images, they could 

make out more and more features, and with greater 

specificity. To this day, mapping the Moon’s surface 

remains a critical scientific enterprise. 

» Pop culture’s lunar 
fascination

As the scientific study of the Moon ramped up, 

so did the public’s fascination. In the mid-19th 

century, Jules Verne authored fictional stories of 

exploration of Earth and the Moon. At the start of 

the next century, filmmaker Georges Méliès 

released the first science fiction film, Le Voyage 

dans la lune (A Trip to the Moon). In this 13-minute 

silent film and Verne’s From the Earth to the Moon, 

explorers travel toward the Moon, their rockets 

sent essentially by cannons. In the film, they land 

and investigate the unknown.

Scottish inventor James Nasmyth studied the Moon’s surface and sketched what he saw through his self-built telescope. 
He then created plaster models to mimic his lunar observations. This photograph is of one such model.
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T
he Moon is a prominent object in the 

night sky, repeating the same cycle 

roughly once per month. And still, 

observers on Earth can distinguish only  

its most basic characteristics. The Moon’s bright 

glow is a powerful light source. At its fullest, the 

Moon can light up the darkest nights, which, while 

good for outdoor camping and hiking, obscures 

observations of stars and galaxies. 

The Moon does, in fact, rotate. It spins around 

its axis (think of a line extending from the northern 

pole to the southern pole), completing one rotation 

in about 27 days. In the same amount of time, it also 

orbits 360 degrees around Earth just as Earth orbits 

the Sun. 

A common misconception is that the Moon pro-

duces its own light—it doesn’t. The glow we see is 

actually reflected sunlight. 

As the Moon orbits Earth, its position changes 

relative to the Sun’s position, and the phases we 

observe (new Moon, crescent Moon) are due to 

where the Sun is in relation to the Moon-Earth  

system. During a full Moon, Earth lies between  

the Sun and Moon, which is why we see a fully  

illuminated lunar disk. During a new Moon, the 

Moon lies between Earth and the Sun. Earth’s con-

stant companion moves through this cycle every 

29.5 days. 

Unlike Earth, the Moon’s rotation axis is nearly 

perpendicular to the direction of the Sun’s light, 

leaving some craters on the lunar surface per-

manently in shadow from sunlight. In those dark 

regions, the temperature is far below water’s freez-

ing point—low enough to have cold-trapped water 

ice for the last three billion years, a theory that  

scientists investigated for many years and finally 

The full Moon rises on the horizon opposite the setting Sun. As the Sun slides below the horizon on a clear day, a pink-
toned band stretches across the opposite horizon. This natural phenomenon is known as the belt of Venus.

MOON 101



The Moon reflects sunlight, and as 
it orbits Earth (center) and changes 

position relative to our planet and 
the Sun (which would be located 
in the center, to the right of this 
image), we see the Moon move 

through different lit phases.
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»What makes a moon?

A moon is any natural satellite orbiting a 

planet. Of the solar system’s eight planets, 

six of them have moons. Earth has just one. Mars 

hosts two small moons. Jupiter has four larger, 

spherical moons (the Galilean moons, named 

after their discoverer) and 75 smaller, irregular 

moons. Saturn has 62 moons, one of which has its 

own thick atmosphere and weather cycle. As for 

the ice giants, to date, scientists have counted 27 

moons around Uranus and 14 around Neptune.

The Moon’s diameter is about 27 percent of Earth’s, and it holds about 2 percent of Earth’s volume.

confirmed a decade ago. Elsewhere on the Moon, 

the temperature fluctuates depending on sunlight. 

If a region is in shadow, it can be as cold as minus 

280°F (–173°C), while areas that are exposed to sun-

light can reach 260°F (127°C). 

Due to the mutual gravitational attraction between 

Earth and the Moon, the Moon is locked to Earth, 

with the same side of the Moon, known as the near 

side, always facing Earth. 

One of the Moon’s fairly recognizable features is  

its pockmarked surface. Those pitted areas reveal 

clues to its history. As incoming projectiles slammed 

into the lunar surface, craters were excavated. These  



Apollo 8 astronauts captured 
this view as they neared lunar 
orbit. This was the first crewed 
mission to successfully orbit 
the Moon.
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The lunar orbit takes the Moon as far from Earth as 

252,890 miles (407,000 km), and as close to Earth as 

221,830 miles (357,000 km). When the Moon is at its 

closest position to Earth, it moves slightly faster than 

when it’s at its farthest. In the early 1600s Johannes 

Kepler deciphered the basic laws of planetary motion, 

which include the attributes of ellipse-shaped orbits 

and how fast the orbiting body moves. Later that 

century Sir Isaac Newton provided a more thorough 

explanation of Kepler’s description of planetary 

motion by building upon it with his own laws of 

motion and gravitation. Together, these men laid the 

foundation of physics and math upon which other 

future physics greats have continued to build. 

One of our solar system’s most noteworthy char-

acteristics is that all of the planets orbit the Sun 

within a few degrees of the same plane. The Moon’s 

orbit, though, is tilted by about five degrees with 

craters are interspersed with huge plains of a younger 

material—dark patches of solidified lava. Interestingly, 

the far side of the Moon differs in appearance from 

the near side, and it holds far fewer lava plains, or 

maria. The cause of this remains a mystery, but it may 

be due to the thickness of the Moon’s crust, which 

appears to be twice as thick on the far side and so less 

vulnerable to ruptures from collisions. 

MOON BASICS
The Moon has a diameter of 2,159 miles (3,475 km), 

which is about a quarter the size of Earth’s width. 

The Moon holds just 1.2 percent of the mass of  

our planet, and its volume is about 2 percent of 

Earth’s. The relationship between those two values 

indicates that the Moon is made up of material that, 

on average, is less dense than the material that 

forms Earth. 

The Moon’s far side is riddled 
with craters, the scars of 
impacting meteoroids. 



M O O N  1 0 1           2 3

When the Sun sets, the full Moon rises on the opposite horizon 

and brings with it an optical illusion. The Moon appears 

larger along the horizon than it does when it’s high overhead. But 

hold your pinky up and extend your arm. Compare the Moon’s size 

as it lies on the horizon to your little finger. Then when the Moon is 

overhead, stretch out your arm again and compare the Moon to 

your pinky. It’s the same size. 

»The Moon illusion

respect to the solar system’s orbital plane. This tilt 

is why the Moon doesn’t line up with the Sun during 

each new Moon. If it did, we’d have a solar eclipse 

every 29.5 days. 

The Moon’s orbit is constantly changing, moving 

farther from Earth, little by little. Each year, it moves 

about 1.5 inches (3.8 cm) away from Earth, and at  

the same time, Earth’s spin slows by a couple of  

milliseconds every century. Billions of years ago,  

the Moon was nearer to us and Earth’s rotation  

was faster. Billions of years from now, the opposite 

will be true. 
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and the Moon orbits, water from Earth is drawn 

toward the Moon as a result of the gravitational force, 

creating a slight bulge on the surface of the oceans. 

Oceans on the side of Earth facing the Moon as well as 

opposite the Moon bulge, creating high tides. 

Liquid water is a pliable material that can move 

quickly and easily, so while solid earth is also pulled 

toward the Moon, it’s to a much smaller extent than 

water. 

The regions perpendicular to the line that con-

nects high tides experience low tides. As Earth 

rotates and the Moon orbits, the locations of tidal 

bulges change as well, so every spot on our planet 

has, to some extent, high tides and low tides twice 

each day. 

A
lthough there’s no debate that the Moon’s 

influence is great, it’s hard to overstate 

the physical impact it has on Earth. 

The Moon is about one percent the 

mass of Earth, but even still, the Moon has pull on 

our planet. Thanks to Newton’s law of gravity, we 

know that any two bodies of mass gravitationally 

attract each other—in other words, they pull on 

each other. That’s part of what keeps the Moon 

in orbit around our planet. And that gravitational 

pull impacts our Earth tremendously. For example, 

together with the gravity of the Sun, it creates the 

oceans’ tides. 

Water covers roughly three-quarters of Earth’s sur-

face, and most of that is in the oceans. As Earth rotates 

THE LUNAR PULL

Because of the Moon’s gravitational pull, bodies of water on Earth experience low tide and high tide, each twice per day. 
In this photograph, Porthleven Harbour in the United Kingdom is at low tide.



During a solar eclipse, the 
Moon crosses between the 
Sun and Earth and blocks  
sunlight from view.



Guests at the Kennedy Space 
Center Visitor Complex in 
Florida use protective eyewear 
to view a partial solar eclipse. 
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During a new Moon, the Moon passes between Earth 

and the Sun. If the geometry lines up—which it does 

two to five times a year—the Moon’s shadow can fall 

on Earth. Then, once every 18 months on average, 

the geometry leads to a total solar eclipse, where 

anyone along that shadow’s narrow path will see 

the solar disk blocked by the Moon. Without the 

bright sunlight, the Sun’s faint, diffuse outer atmo-

sphere is visible. It’s an incredible sight. A total solar 

eclipse lasts anywhere from a few seconds to about 

seven and a half minutes, and each moment of it is 

spectacular. 

Geometry has a hand in yet another celestial phe-

nomenon—a total lunar eclipse. Instead of the Moon 

blocking the Sun, in this case, Earth blocks the Sun 

and the Moon passes through Earth’s shadow. Dur-

ing a total lunar eclipse, the Moon glows red. This is 

because as sunlight flows around Earth, our planet’s 

thick atmosphere scatters the blue light. Red light 

can still pass through the gaseous atmosphere and 

falls upon the Moon’s surface, creating the spectacle 

known as a blood Moon. Lunar eclipses occur about 

once a year and must coincide with a full Moon.  

They are visible from much larger portions of Earth 

than are solar eclipses. These eclipses are one more  

way we can experience the allure of our constant 

lunar companion. 

A solar eclipse depends entirely on the geometry of the 

worlds involved. Of course, the Sun, the Moon, and 

Earth need to align, but the location of each within its 

respective orbit also changes what is visible from Earth’s 

surface. Remember, the Moon’s orbit around Earth is ellipti-

cal. So if during a solar eclipse the Moon is at its farthest 

location from Earth (and therefore appears slightly smaller 

from Earth), then a ring of sunlight will encircle the Moon 

like a ring of fire. This is an annular solar eclipse. Occasion-

ally, due to Earth’s curvature, an annular eclipse can morph into a total solar eclipse (or vice versa). This is a 

hybrid solar eclipse. In another case, the Moon might pass over only a portion of the solar disk, seemingly  

taking a bite out of the Sun. This is a partial solar eclipse.

»Solar eclipse geometry

During a total lunar eclipse, Earth’s atmosphere filters out 
blue light, and only red sunlight falls on the Moon. 

Tidal forces aren’t the only way we directly 

experience the Moon. One of the most incredible 

spectacles to occur in the sky is a consequence of 

the combined orbit of the Moon around Earth, the 

orbital plane’s tilt, and Earth’s orbit around the Sun. 
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THE  
WORLD NEXT 

DOOR

T
he Moon, Earth’s celestial comrade, lies just 

outside our planet’s front door. At about 

239,000 miles (384,635 km) away, which is 

the average distance in its elliptical orbit, 

it’s our closest neighbor. Venus, the next nearest 

astronomical object to Earth, is about 100 times that 

distance. The Moon’s proximity makes Earth’s only 

natural satellite an appealing target for exploration—

not only to investigate scientifically via telescopes 

but also to survey robotically and to actually set foot 

on. Questions have even been raised about whether 

the Moon might be somewhere humans could survive 

for longer jaunts. 

The Moon could potentially serve as a gateway 

location for space technology that might one day 

be used for human explorations of Mars or the outer 

solar system. 

After all, small steps can lead to giant leaps. 

For all of these reasons, the Moon had the great-

est allure for the first spaceflight target. But before 

humans could get to the Moon, we first had to get to 

space. It would take the threat of war to push humans 

into space and to the nearest terra firma outside of 

Earth. In 1957 the Soviet Union launched the first arti-

ficial satellite, Sputnik 1, around Earth, heightening 

the arms race during the Cold War. The United States 

responded a few months later with the launch of its 

first satellite, Explorer 1. 

The race to send a human to the Moon was on. 



Engineer John C. Houbolt was a vital con-
tributor to the Apollo program. He advo-

cated for lunar orbit rendezvous (LOR), 
wherein one spacecraft remains in lunar 

orbit while another ferries astronauts to 
and from the surface of the Moon. 



Aperem eatur, tem aut utesedi ut volupta quo experum 
enducietur? Onseque diossim aut volor am cuptatu scimendunt,  
testiae natur alitiam quis sequi dolora qui dus doloresciis dignati 

aute dem. Ci ommolest, ium aliquid moluptius eium fugiassus  
in consed ut is quam ut duciis et. 40w/275c

CHAPTER TWO

HUMAN 
FOOTPRINTS

For just three and a half years, out of hundreds of thousands  
in human history, our Moon played host to astronauts. Fifty years 

ago, for the first time, a mission brought explorers to the lunar 
surface, where they experienced a faraway land up close.



Astronaut Edwin “Buzz” Aldrin, Jr.,  
took this “space selfie,” with Earth in  

the background, during the Gemini 12  
mission in 1966, nearly three years 

before he walked on the Moon.
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F
our years after Sputnik 1 circled Earth, man 

followed. Yuri Gagarin, a Soviet cosmonaut 

and fighter pilot, made history on April 12, 

1961, as the first human in space. He was in 

orbit for 108 minutes, after rocketing from the Bai-

konur Cosmodrome in Kazakhstan, a launch site that 

still operates today. 

The Gagarin flight kicked the United States’ space 

efforts into high gear. On May 5, Alan Shepard, Jr., 

became the first American astronaut to go into space. 

He was launched in a one-person capsule on a Red-

stone rocket. Although he didn’t orbit Earth, he flew 

into space, 116 miles above sea level, and returned 

safely. His 15.5-minute mission was a success.

Then, later that month, recently inaugurated pres-

ident John F. Kennedy addressed Congress, request-

ing an increase in funding for space exploration and 

making clear his mission: “I believe that this nation 

should commit itself to achieving the goal, before 

this decade is out, of landing a man on the Moon 

and returning him safely to Earth.”

Shepard was one of seven men who had been 

chosen for America’s first astronaut program, NASA’s 

Project Mercury. The project had three main goals: 

to place a piloted spacecraft in orbit around Earth, to 

investigate how humans performed in space, and to 

safely bring that craft and its pilot home. 

During six crewed spaceflights, four of which 

orbited Earth, Project Mercury gave the United States 

the confidence to continue toward the goal of landing 

a human on the Moon. As the Mercury program ended 

in 1963, NASA officially launched Project Apollo. 

GETTING TO THE MOON

Five days before this photograph was taken, these two Gemini capsules had the first rendezvous in space. The spacecraft 
traveled together, circling one another, during three Earth orbits.



One of the most iconic images  
from the Apollo era, this 

photo, taken by the crew of 
Apollo 8, shows Earth rising 

above the Moon’s horizon.



Apollo 12 astronauts Alan L. Bean 
(left) and Charles Conrad, Jr., take 
part in a simulated lunar surface 
activity five weeks before launch.
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Between March 1965 and November 1966, 10 two-

person crews flew missions as part of the Gemini 

program. During the series of flights, the astronauts 

accomplished many feats, including remaining in 

space for up to two weeks, rendezvousing with 

another spacecraft, and performing space walks. 

The Apollo flights to the Moon would involve a 

spacecraft with three parts: (1) The command module 

held the crew’s living quarters as well as the flight 

control panel. (2) The service module held the pro-

pulsion and spacecraft support systems. When at the 

Moon, these two portions (together called the CSM) 

remained in orbit. (3) The lunar module separated 

from the other two parts to land on the Moon’s sur-

face. This module supported the men on the Moon 

and then part of it ascended back to orbit, where it 

reconnected, or docked, with the CSM for the crew’s 

return to Earth.

The last few years of the decade were dedicated to 

achieving President Kennedy’s goal of landing a human 

on the Moon before 1970. The Apollo missions, though, 

weren’t all successes, and in fact began with a devastat-

ing tragedy. The first Apollo crew—astronauts Virgil 

“Gus” Grissom, Edward White, and Roger Chaffee—died 

when a fire spread through their command module 

during a test procedure prior to launch. The date was 

January 27, 1967. It wasn’t until October 11, 1968, that 

NASA launched another piloted Apollo flight—Apollo 7. 

Before the end of the year, Apollo 8 would launch on 

a voyage around the Moon and back to Earth. For the 

first time, humans would see the Moon up close, see its 

pockmarked far side, and witness earthrise. 

But first, NASA needed to bridge the gap between 

orbiting Earth and surviving the days-long journey 

to the Moon and functioning in weightlessness. The 

Gemini program was that bridge. 

At Rice University on September 12, 1962, President  
John F. Kennedy gave the iconic speech in which he said, 
“We choose to go to the Moon in this decade and do 
the other things, not because they are easy, but because 
they are hard.”

»The enormous effort

Preparing the U.S. space agency to land a human on the Moon required 

an incredible amount of resources. It took the power of 400,000 engi-

neers, scientists, and other personnel, as well as 20,000 businesses and 

universities. The Apollo program cost some $24 billion (equivalent to 

more than $150 billion today), and NASA was allocated about 4 percent of 

the federal budget. To put that in perspective, today NASA receives about 

0.5 percent of the federal budget.
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On July 16, 1969, a Saturn V rocket roared off the launch-
pad and sent the Apollo 11 astronauts moonward.

O
n July 20, 1969, four footpads of a 

human-made spacecraft landed gently 

on the lunar surface. Some six hours 

later, Neil Armstrong carefully stepped 

down a 10-foot (3 m) ladder and onto the alien land. 

A television camera attached to the lunar module, 

called the Eagle, captured his next few steps and 

broadcast the images to the people eagerly awaiting 

on Earth. As he stepped onto the surface, a gray-

as-gray-can-be powder, “Moon dust,” imprinted 

the treads of his boots, leaving behind a pattern of 

ridges as he slowly made his way forward. A man 

from Earth was walking on the Moon. 

Back on Earth, at the Manned Spacecraft Cen-

ter (since renamed the Lyndon B. Johnson Space 

Center) in Houston, Texas, mission planners let out 

exuberant cheers and deep sighs of relief. They had 

done it. The American people had achieved the goal 

President Kennedy had put forth to Congress eight 

years prior—to safely send an American astronaut to 

the Moon before the decade’s end. And a few days 

later NASA engineers would bring the Apollo 11 crew 

of three—Armstrong, Edwin “Buzz” Aldrin, Jr., and 

Michael Collins—safely back to Earth. It took an enor-

mous budget and some 400,000 workers back on 

Earth to realize this incredible triumph.

Minutes after stepping foot on the Moon, Arm-

strong began collecting samples of the loose, pow-

dery dirt from several locations next to the Eagle’s 

legs. He stored the 2.2 pounds (1 kg) of material in 

a bag tucked safely in his space suit’s pocket. If any-

thing went wrong and the mission had to end early, 

at least the Apollo 11 astronauts would have a small 

sample of the Moon to bring back for further study 

on Earth. The bulk of this Moon dust, known techni-

cally as regolith, is gray and looks like terrestrial dirt. 

But under a microscope the details tell another story. 

Glass spherical beads, each one just a couple tenths 

of a millimeter across, reveal a history of volcanic 

activity or high-energy impacts—or both. About half 

of the sample the Apollo astronauts brought back 

was material consisting of particles smaller than one 

centimeter. The other half of the sample, however, 

included larger pieces of basalt (a fine-grained vol-

canic rock) and broken rock fragments essentially 

cemented together (called breccia).

FIRST HUMAN STEP S



Apollo 11 astronaut Edwin 
“Buzz” Aldrin, Jr., descended  
the lander ladder’s nine rungs  
to become the second man on  
the Moon.
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About 20 minutes after Armstrong had descended 

the ladder, Aldrin carefully climbed down it and 

became the second man to step foot on the Moon. 

A foreign land. A world so completely different than 

our own atmosphere-cloaked Earth. “Beautiful view,” 

he said. “Magnificent desolation.” 

The two moonwalkers examined the surface, making 

observations. They noted, for example, how the dirt 

filled the pores of nearby rocks, and how the powdery 

surface layer of the Moon slipped out from under their 

feet. As the first humans to walk on the surface of the 

Moon, much of their scientific investigation was what 

they observed through their own eyes, and what their 

cameras collected. But they weren’t without scientific 

experiments—in fact, they conducted several. 

Armstrong and Aldrin collected samples from the 

steady stream of charged particles emitted by the 

Sun. Researchers hoped that this solar wind would 

illuminate for astronomers more about how the Sun 

and the planets formed billions of years ago. The 

two astronauts erected a reflector instrument (which 

is used to measure the distance between Earth and 

the Moon) and deployed a seismometer, an instru-

ment that detects tremors within the Moon—either 

from moonquakes, volcanoes, or energetic impacts. 

Perhaps, though, the most important scientific task 

the astronauts undertook was the collection of addi-

tional samples—dozens of rocks and scoops of soil. 

Those samples have been analyzed for decades, held 

in locked storage behind a vault door in a clean room 

at NASA’s Johnson Space Center.

The Apollo 11 mission was the ultimate explora-

tion of a new frontier. In order to better investigate 

this new world, every Apollo astronaut was trained 

Apollo 11 commander Neil 
Armstrong stands near the 
Eagle lunar lander module.
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country to send an astronaut safely to the Moon, 

America aimed to show the world that it could 

achieve what no one else had. 

As a symbol of triumph, Armstrong and Aldrin 

planted a three-by-five-foot (1 x 1.5 m) American flag 

in identifying important geologic samples to bring 

back to Earth for further analysis.

The mission was multifaceted, and one of its many 

goals was to showcase the innovation, technology, 

and ambition of the United States. By being the first 

»Flag tech

Astronauts on each of the six Apollo lunar landings planted a 

U.S. flag on the surface, but without a thick atmosphere like 

Earth’s, the flags would go limp. So, in order to mimic the appear-

ance of a flag flying in the wind, each one was assembled to include 

a crossbar sewn into a hem along the top of the flag, which held it 

out horizontally. The flagpole telescoped out, and the entire flag 

assembly kit weighed only nine pounds seven ounces (4.3 kg)  

(on Earth). 
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The Apollo 11 crew consisted of (from left) Neil Armstrong, Michael Collins, and Edwin “Buzz” Aldrin, Jr.

on the lunar surface near their lander, the Eagle. The 

ladder that both astronauts climbed down to reach 

the surface also held a plaque, which read, “Here 

men from the planet Earth first set foot on the Moon. 

July 1969 a.d. We came in peace for all mankind.” The 

names of the Apollo 11 crewmembers, along with 

then president Richard Nixon, were also inscribed 

on the plaque, which they left on the Moon to com-

memorate their incredible achievement. 

Two and a half hours after Armstrong first began his 

walk down the ladder, the astronauts’ surface explora-

tion was complete. They returned to the lunar mod-

ule, slept for a few hours, and then lifted off the Moon 

to begin the journey back home to Earth. Four hours 

later, they rejoined their comrade Collins in the com-

mand module. 

»The first men

Mission Commander Neil Armstrong (1930–

2012) was a naval aviator before joining 

NASA’s predecessor in 1952. For the next 17 years 

he was an engineer, astronaut, pilot, and adminis-

trator for the space agency. Command module 

pilot Michael Collins (b. 1930) graduated from the 

U.S. Military Academy in West Point, New York, in 

1952 and was a fighter pilot for the Air Force prior 

to joining NASA in 1963. Lunar module pilot Edwin 

“Buzz” Aldrin, Jr. (b. 1930), graduated from West 

Point in 1951, flew 66 combat missions in Korea, and 

earned his Ph.D. in astronautics from MIT prior to 

joining NASA in 1963.



After completing its historic 
mission to the Moon, 

the Apollo 11 command  
module splashed down  

safely in the Pacific Ocean. 
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T
he Moon’s gravity is only about one-sixth as 

strong as the gravitational force on Earth. 

That means that on the Moon, there’s only 

one-sixth of the pull on astronauts, which 

leads to much higher jumps, longer leaps, and lighter 

gear to carry. Apollo astronauts found it difficult to 

walk at the same pace on the lunar surface, and they 

often resorted to a few specific movements to get 

around, including hopping and side-stepping. Astro-

nauts took their fair share of tumbles, too, as balanc-

ing proved to be a challenge.

Working and operating equipment in reduced grav-

ity was also difficult. Tasks astronauts had practiced 

on Earth, like deploying the scientific instruments 

and the U.S. flag, took them longer in lunar gravity. To 

prepare for this, the astronauts trained in the Neutral 

Buoyancy Simulator, which was essentially a large pool 

of water, at NASA’s Marshall Space Flight Center. 

Also, there’s almost no atmosphere on the Moon. 

Without Earth’s atmospheric pressure and cloak of 

breathable oxygen, astronauts need a suit to survive. 

The space suits the Apollo astronauts wore were pres-

surized, protected against the extreme temperature 

variations, and provided enough oxygen for hours of 

surface exploration away from the lander module.

Complicating each of the six Apollo missions to the 

lunar surface was the pervasive lunar dust. Under a 

microscope, the dust grains were revealed to have jag-

ged edges, which enabled the dust to cling to every-

thing, including space suit fabric. The dust, which smells 

like gunpowder and has a texture comparable to pow-

dered glass, followed the astronauts into their landers 

and lofted in the air. It found its way into the Apollo 

astronauts’ noses, throats, and eyes, and it stuck to the 

instruments and gears they used on the Moon’s surface. 

Finding a way to minimize problematic lunar dust con-

tamination will be imperative to future missions. 

BUILDING ON SUCCES S 
After Apollo 11, the following five landings explored 

the surface, each for increasingly longer durations. 

The astronauts ventured farther from their lander 

craft, and each mission built off the previous crew’s 

discoveries. 

Apollo 12 lifted off on November 14, 1969, and 

returned home on November 24. For a total of  

EXPLORING THE MOON

The Apollo 16 mission carried with it a special camera to capture ultraviolet light. When astronauts turned that instrument 
on Earth, they detected part of our planet’s atmosphere and its constituent gases. 



Each of the last three Apollo 
missions included a lunar roving 
vehicle (LRV), which allowed the 

astronauts to explore farther.



The Apollo space suits  
were custom-tailored  
to fit each astronaut.
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to operate in low gravity and could travel for miles 

across the dusty, rocky surface. This meant that each 

explor ation could sample a few slightly different sites 

instead of focusing on only the vicinity nearby the 

lander craft. Apollo 16 astronauts, for example, were 

on the surface for 71 hours. They explored the Moon 

for 20.3 of those hours and covered more than 16 miles 

(26 km) with an LRV. 

7.5 hours spread over two separate exploration peri-

ods, astronauts Charles Conrad, Jr., and Alan Bean 

performed similar activities to those of Armstrong 

and Aldrin. The next mission, Apollo 13, experienced 

a serious malfunction when an oxygen tank on the 

service module exploded. As a result, there was 

no Moon landing, but the fact that the three crew-

members returned home safely made the mission an 

amazing success. The next four missions—Apollo 14, 

15, 16, and 17—were all nearly flawless.

The Apollo 14 mission carried out the scientific 

exploration Apollo 13 could not. The lunar module 

touched down where the previous mission would 

have, in the heavily cratered highlands, and the crew 

brought back 92 pounds (42 kg) of lunar samples. The 

Apollo 14 commander, Alan Shepard, Jr., became the 

fifth man to walk on the Moon nearly a decade after 

he was the first American in space.

Apollo 15, 16, and 17 were designed for more exten-

sive experiments and longer moonwalks. To cover 

more ground, they had lunar roving vehicles (LRVs), 

which were like high-tech dune buggies designed 

Each Apollo space suit was essentially one piece 

(with the gloves, helmet, and visor securely 

attached to the suit), and the astronaut entered 

through the back. Each suit had to be rigid to hold 

pressure against the body, but it also had to have 

specially designed joints (at the knees, hips, 

ankles, wrists, elbows, and shoulders) to ensure 

some mobility. Even with these special designs, 

the suits were still bulky, cumbersome, and quite 

difficult to work in.

»Space suit of armor

After Apollo 17 astronaut Eugene Cernan returned from his second extravehicular exploration activity, lunar dust covered 
his suit. The material is extremely sticky and pervasive.
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B
efore the late 1960s, everything we knew 

about the Moon came from robotic instru-

ments and Earth-based telescopes. But all 

that changed the instant humans stepped 

foot on the surface. Now, astronauts could describe 

what it looked like up close—how the surface felt 

under their feet, how the lunar dirt behaved, what 

the boulders and smaller rocks looked like. Astro-

nauts could collect material from the Moon and 

bring it back for thorough analysis; they could use 

cameras and other scientific instruments to measure 

lunar characteristics. The Apollo missions did all of 

this in the course of just three and a half years.

Astronauts could also haul more samples to the 

spacecraft now that they had LRVs to hold addi-

tional material. Astronauts on the three final mis-

sions—Apollo 15, 16, and 17—also brought along an 

electric drill to extract material from farther below 

the surface. 

These extraterrestrial explorers documented each 

sample: They stored it in a sample bag with a unique 

identification number and often photographed it 

on the Moon’s surface to capture the direction of 

sunlight at the time. The bags were later placed in 

storage boxes for the return to Earth. Once back at 

NASA, the samples were processed and cataloged 

for scientific analysis. In 1979 the Lunar Sample Labo-

ratory Facility was opened at the Johnson Space 

Center, and this is where most of the samples have 

been stored ever since.

The Soviet Union did not land humans on the lunar 

surface, but three of their robotic missions (Luna 

16, 20, and 24) collected material and returned it to 

Earth. Luna 24 was actually the last mission to go to 

the Moon, collect samples, and return them to Earth. 

This mission took place in 1976. A small amount of 

the nearly 11.5 ounces (325 g) of material collected 

from these three Luna missions was shared with 

NASA.

The lunar samples are the most scientifically sig-

nificant pieces brought back from those missions, 

but there were dozens of other experiments that 

humans performed at the Moon’s surface. 

Three of the six Apollo crews left behind reflector 

experiments, in which laser light from select large 

observatories on Earth is directed toward these 

reflectors on the Moon. The mirrored surface reflects 

the light back to its source, where scientists then 

measure the amount of time it takes for the light’s 

round-trip. And because light travels at a specific 

THE GREAT LUNAR 
LABORATORY

A researcher at a NASA laboratory looks through a  
microscope at a large rock brought back by Apollo 14.



As Apollo 17 astronaut  
Harrison “Jack” Schmitt uses 

 an adjustable sampling scoop  
to collect lunar samples, the  

tripod in the foreground serves 
as a color and size reference. 



During the Apollo missions, 
several instruments were 
deployed, including this mag-
netometer, which measured 
magnetic field strength.
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The Apollo 11 crew brought a seismic detector, which can be seen in the foreground, to measure Moon tremors. Beyond 
that is a reflector instrument that researchers used to measure the rate at which the Moon is moving away from Earth.

1977. When seismic instruments at different locations 

detected the same tremor, scientists could learn about 

the Moon’s interior. From these instruments, they 

know the Moon has an outer crust, a mantle (which 

extends from the crust to the molten layer around the 

core), and a solid, iron-rich inner core—like Earth.

Researchers use all of this data today, with ever 

improving analysis techniques. But all of this col-

lected material and left-behind instrumentation per-

tained to only part of the Moon—the lunar near side. 

Much of the Moon remained unexplored. 

rate, the measurement tells researchers how far 

away from Earth the Moon is. Using these reflec-

tors—placed at the landing sites for Apollo 11, 14, 

and 15—we know the lunar orbit is moving away from 

Earth by 1.5 inches (3.8 cm) per year. 

Four of the six Apollo crews that landed on the 

Moon brought along instruments to measure the 

magnetic field. Those results showed vast differ-

ences in field strength depending on location. Five 

of the Apollo crews brought seismic experiments, 

four of which continued operating until September 

»Left behind on the Moon

The Apollo astronauts left a lot behind on the Moon. Some items are 

serious and sentimental, like this plaque left by the crew of Apollo 15 

to memorialize 14 NASA astronauts and USSR cosmonauts who had 

passed away. But some items are a little surprising. To make room on the 

spacecraft for samples they wanted to bring back to Earth, the Apollo 11 

crew left behind, among other detritus, a TV camera and lenses, urine 

collection devices, a scoop for collecting samples, and even a vomit bag.
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J
ust after midnight local time on December 7,  

1972, Apollo 17 lifted off from Kennedy Space 

Center. On the afternoon of December 11, 

American astronauts Eugene Cernan and  

Harrison “Jack” Schmitt landed safely on the Moon 

in the Taurus-Littrow valley. These were the last two 

humans to walk on the lunar surface.

Their mission was the culmination of a success-

ful and complex American technological push. 

During their 75 hours on the surface, the Apollo 17 

astronauts spent 22 of them exploring. Cernan and 

Schmitt were there to study the lunar highlands—

ancient, cratered rock that appears lighter colored—

as well as younger volcanic activity. The astronauts 

covered 18.6 miles (30 km) of ground via their LRV. 

They collected 243 pounds (110 kg) of material, 

including 741 individual rock and soil samples from 

nearly two dozen separate sites. 

Just before midnight on December 14, the astro-

nauts had completed their lunar exploration. The 

two men were at the ladder, about to reenter the 

module for their ascent back to the command mod-

ule, when Cernan stopped to reflect on the Apollo 

program. He said, “As I take man’s last step from the 

surface, back home for some time to come—but we 

believe not too long into the future—I’d like to just 

[say] what I believe history will record: That Amer-

ica’s challenge of today has forged man’s destiny 

of tomorrow. And, as we leave the Moon at Taurus-

Littrow, we leave as we came and, God willing, as we 

shall return, with peace and hope for all mankind.”

No humans have returned to the lunar surface since. 

THE  
LAST CREW 

TO THE 
MOON



Two months prior to liftoff, the 
Apollo 17 crew (Harrison “Jack” 

Schmitt, left, Eugene Cernan, 
front, and Ron Evans) pose with 

a lunar rover vehicle trainer 
in front of the rocket that will 

launch them to the Moon.



Aperem eatur, tem aut utesedi ut volupta quo experum 
enducietur? Onseque diossim aut volor am cuptatu scimendunt,  
testiae natur alitiam quis sequi dolora qui dus doloresciis dignati 

aute dem. Ci ommolest, ium aliquid moluptius eium fugiassus  
in consed ut is quam ut duciis et. 40w/275c

CHAPTER THREE

THE SCIENCE OF 
OUR SATELLITE

We have more data about our Moon than any other object in 
space aside from Earth. Researchers have plucked rock samples 

from the surface and extracted them from below. They have 
taken magnetic measurements and have mapped the  

Moon’s gravity. And while these rich findings have solved  
many research questions, they’ve also shown scientists  

just how much there is left to uncover.



Borepudae quia volut alicto 
tem sequasi tiumquunt rem. 

Nam derum, conecum quos

The Moon hosts materials 
that future explorers can use. 

Rovers, similar to this proto-
type, are being designed to 

locate, excavate, and analyze 
resources on future missions.
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M
uch of what we know about the  

Moon comes from the rocks, dirt, and 

feet-long core samples the Apollo 

astronauts brought back from their 

lunar explorations. The haul totaled 842 pounds  

(382 kg), and scientists have used those precious 

samples carefully and sparingly. Most Apollo samples 

reside in locked storage—behind vaults in a clean room 

to ensure they remain free from contamination—at 

NASA’s Johnson Space Center (JSC) in Houston, Texas. 

Space agency employees have documented every 

piece, weighed them upon arrival, and photographed 

them from every side. There’s a thorough vetting 

process for any scientist who wants to analyze these 

samples. Once a researcher is authorized to study them, 

they may travel to JSC, wear a “clean suit,” pass through 

an air shower to make sure they’re free of contaminants, 

and enter the clean room. There, only a select few mate-

rials can come into contact with the pieces of the Moon. 

Whenever humans interact with any sample, they do so 

via Teflon gloves through a see-through stainless steel 

cabinet. These security measures are in place to protect 

those treasured samples from Earth’s contamination. 

If the analysis a researcher plans to do is more com-

plex and they need the samples in their possession, 

NASA curators will saw off a thin slice of a sample using 

a diamond-crusted saw blade. Every piece that breaks 

off during that process, including the slice and any dust 

and debris, is weighed and documented. 

There are some original samples from the Moon that 

have never been touched. Others are studied often, 

but at least 50 percent of each original sample always 

remains in storage. In fact, about 80 percent of the 

initial 842-pound haul remains unanalyzed, waiting 

for the best, not-yet-developed analysis techniques, 

which researchers hope will answer all of the questions 

we have about the Moon. 

SAMPLING 
THE MOON



Scientists photographed and 
recorded every sample that 

astronauts brought back 
from the Moon.
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T
he Moon has an ancient surface covered by 

the scars of our solar system’s formation. 

To determine what happened and when, 

researchers investigate the large impact cra-

ters, created by impactors like meteoroids or asteroids 

that smashed into the Moon’s surface, as well as the 

smaller, newer craters inside of them. These layered 

craters suggest a general time line of events, but to get 

precise ages, scientists turn to geochemistry to estab-

lish the amounts of specific chemical elements present. 

The number of protons an element has in its nucleus 

defines what element it is. Isotopes of an element have 

different numbers of neutrons in their nuclei. Radioac-

tive isotopes are not chemically stable, and they can 

spontaneously change or decay into another isotope 

(called a daughter product). Scientists know how long 

it takes for half of any given amount of parent isotope 

to decay into the daughter product. With different 

techniques, they measure the ratio of how much there 

is of the parent to how much there is of the daughter, 

and because they know the decay rate, they can calcu-

late the age of the material holding the isotope. 

To determine when the Moon formed, researchers 

turned to zircon, a tough mineral that was crystallized 

in the Moon’s early magma interior. “[Zircon] is amaz-

ingly sturdy and will resist most of the disasters that 

could come its way, including meteorite impacts,” says 

geochemist Mélanie Barboni. 

Barboni and her colleagues found several pieces 

of zircon in two Apollo 14 samples and dated their 

formation to between 3.97 and 4.33 billion years ago. 

Next, the team of researchers measured the lutetium-

hafnium ratio, which established when the Moon’s crust 

and mantle separated from each other. This provided 

scientists with the best measurement yet to determine 

the age of the Moon. So, what did they discover? The 

Moon formed at least 4.51 billion years ago. 

WHEN IT ALL 
HAPPENED



The Apollo 14 crew took this 
photo of their spacecraft’s lunar 

module and the trail left in the 
lunar soil by their two-wheeled, 

hand-pulled equipment cart.
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E
arly observers of the Moon had exciting theo-

ries about the existence of lunar water. Origi-

nally, they thought the lunar maria were lakes, 

but we now know they are actually impact 

basins filled with congealed lava. For a long time after, 

researchers had resigned themselves to the fact that 

the Moon was bone dry. They hypothesized that the 

heat from its high-energy impact formation essentially 

evaporated away any water and other volatiles. 

So when research about a decade ago showed that 

lunar volcanic rocks exhibited evidence of water, it 

came as a surprise. Over the past decade more work 

has shown that on the Moon, water in the form of ice 

is present in some craters and there is water locked in 

some lunar rocks. These rocks aren’t wet, per se, like 

the ones you’d find at a pebble beach. “Moon rocks 

are dry; they’re extremely dry,” says Katie Robinson, 

a planetary scientist who studies Apollo samples for 

evidence of water. “They’re so dry it took us 45 years 

to figure out there was water in them.”

The water present is a far cry from ponds and lakes. 

Instead, the water that has been discovered is in the 

form of water signatures, which are isotopic composi-

tions unique to water. These signatures are locked in 

some crystalline chemical features on the Moon. 

In 2008 a team of researchers analyzed glass par-

ticles found in basalt samples that were collected 

by Apollo 15 and 17 astronauts. The glass particles, 

which are minerals that were shock-heated by volca-

nic eruptions and then crystallized, contained water 

from more than three billion years ago. 

In related research, scientists look at other spe-

cific minerals, like apatite, for example, which locks 

in hydrogen atoms to its chemical structure. The 

scientists aren’t looking for water molecules, H2O. 

Instead, they search for different forms of hydro-

gen. The most common form has one proton and no 

neutrons in its nucleus. Deuterium is another form, 

known as heavy hydrogen, because in addition to 

one positive proton, it also has one uncharged neu-

tron in its nucleus. 

Robinson and her colleagues extract the hydrogen 

and deuterium from their samples and then measure 

the ratio of hydrogen to deuterium atoms. They can 

then determine the water content from that calcula-

tion. This ratio can also shed light on the water’s ori-

gin. But where exactly the water came from on the 

Moon has still not been confirmed. Some research 

DISCOVERING WATER 
ON THE MOON

Shackleton crater’s depths are perpetually in shadow, and 
it likely hosts water ice.



In this illustration, the LCROSS 
spacecraft studies the plume  
that was created when a part 
of the craft was intentionally 

crashed into the Moon. 
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suggests it came from comets that crashed into the 

Moon; other studies suggest it came from the same 

source as Earth’s water and then when the formation 

event occurred, it remained on the Moon. 

While many findings have come from the analy-

sis of lunar samples, other researchers have made 

significant discoveries through observations of the 

lunar surface. In fact, the first signs of surface ice 

came in 1994 during a mission with the uncrewed 

spacecraft Clementine, which was launched to orbit 

the Moon. An instrument on the spacecraft sent 

radio waves to the lunar surface and Earth-based 

researchers listened for a returned radar echo. If the 

signal bounced back, it could indicate the existence 

of ice. When they received some faint signals from 

dark regions near the south pole, they thought it 

might indicate the presence of ice in cold craters. 

Four years later, scientists sent the Lunar Prospec-

tor to the Moon, where it discovered evidence of 

possible ice at the lunar poles. At the end of its time 

in space, the spacecraft was deliberately crashed 

into a shadowy part of a crater. Scientists hoped they 

would be able to detect water vapor in the plume 

from the crash, but, unfortunately, they did not. 

In 2009, as part of the Lunar Crater Observation and 

Sensing Satellite (LCROSS) mission, an empty rocket 

part was intentionally slammed into a permanently 

shadowed crater on the Moon’s surface to excavate 

long-buried materials. The LCROSS spacecraft trailed 

right behind so that it could fly through the plume 

created by the initial impact and collect data about 

its composition. Then, after four minutes, it too 

careened into the lunar surface. But before it crashed, 

its instruments made an exciting detection—water.
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Comets are perhaps the most recognizable source of solar sys-

tem water. They’re dirty, icy, gaseous bodies that spend most of 

their time far away from the Sun. But if a comet’s orbit brings it near 

the Sun, the heat will melt the frozen surface of the comet. When 

the frozen gases warm up, they surround the comet, and loosened 

dust and gas spew outward, creating two tails that trail away from 

the Sun. Scientists have identified a few thousand comets, but they 

believe there could be as many as a trillion in our solar system.

»Aqueous origins

In 2018 a team of researchers used data collected 

by a NASA instrument on an Indian mission to the 

Moon, Chandrayaan-1, to study the polar regions in 

multiple ways. That analysis identified three differ-

ent signatures of water ice that proved its presence 

on the lunar surface. The ice hides in the portions 

of craters that never see daylight as a result of the 

orientation of the Moon’s orbit around Earth and 

our planet’s orbit around the Sun. The temperatures 

in some of these crater shadows never reach above 

On this map of the Moon,  
colored areas indicate water 

content, with the most abundant 
areas shown in yellow and red. 
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Scientists have found more than 100 water vapor plumes at Saturn’s moon Enceladus.

Earth is the only world in our solar system with 

reserves of liquid water on the surface. Saturn’s 

largest satellite, Titan, also has lakes and seas, but 

of a different composition: a mix of liquid methane 

and ethane. Scientists think several moons have 

bodies of water below their surfaces. For example, 

eruptions of icy water particles and gas have been 

observed spewing from one of Saturn’s moons, 

Enceladus, which means there must be an under-

ground water reservoir supplying those streams. 

And Europa, one of Jupiter’s Galilean moons, is 

surrounded by a layer of water and covered in a 

crust of ice. 

»Many ocean worlds
minus 280°F (–173°C), so water ice can stay in cold 

storage. The scientists say the ice is within the top 

few millimeters of soil—making it relatively acces-

sible for future sampling missions. Perhaps even 

more important, that resource could be extracted 

and used when humans return to the lunar surface. 

Water, of course, is crucial for human survival.

So, where did that water come from, and how  

did it make its way into permanently shadowed 

lunar craters? Those are questions researchers are 

still investigating. Given that scientists have known 

for only a decade that water even exists on the 

Moon, there’s plenty more research that needs to  

be done, and it’s a particularly exciting area, ripe  

for discovery. 



The LCROSS spacecraft, which 
detected hints of Moon water, 

was launched in this rocket fair-
ing with the workhorse Lunar 

Reconnaissance Orbiter.
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M
apping Earth’s satellite became a 

legitimate scientific venture in 1647 

when Johannes Hevelius published 

Selenographia—the first book of lunar 

maps. Then in the middle of the 20th century, as the 

space race between the United States and the Soviet 

Union began, the push to discover and chart more of 

the Moon’s surface really ramped up. 

For Earthlings the Moon’s near side was nothing 

new: It was a familiar sight anyone who’d peered into 

the night sky had seen. But then, in 1959, the Soviet 

Union’s Luna 3 spacecraft captured the first photo-

graph of the lunar far side, which looked surprisingly 

different. Instead of the maria (dark pools of cooled 

lava) seen on the near side, the far side looked to be 

mostly covered in impact craters of all sizes. 

In the past 60 years we’ve been able to obtain a 

much clearer view of the Moon, which has resulted 

in maps with much greater detail. Today planetary 

scientists have created photo-mosaic maps of the 

Moon’s entire surface with incredibly high resolu-

tions, down to just a few meters per pixel in some 

areas. Several spacecraft have obtained the images 

and data used to generate these maps, notably 

China’s Chang’e 2 and NASA’s Lunar Reconnaissance 

Orbiter (LRO). 

Researchers, though, aren’t only interested in pho-

tographs of the lunar surface. Over the past couple 

decades they have created many different types of 

maps with unique data and features. One series of 

geologic maps differentiates between dozens of 

types of materials in the Moon’s basins, maria, and 

large craters. Another global map shows the topogra-

phy—the rises and dips in elevation across the Moon. 

Others detail different chemical elements and miner-

als—like iron, potassium, thorium, titanium, and oliv-

ine, for example—and how they’re distributed across 

the lunar surface. And one global crustal thickness 

map shows how deep the Moon’s outermost layer is 

at different locations across the surface. Each type of 

HOW WE MAPPED 
THE MOON

The European Space Agency sent the SMART-1 probe, illustrated here, to map the different types of materials on the 
Moon’s surface. This mission operated from September 2003 to September 2006.



Bright pink areas in this 
false-color mosaic are 

ancient cratered highlands, 
while the blue to orange 

ones are volcanic lava flows. 



The ripples seen in this  
oblique view are the result  
of a high-energy impact  
hundreds of miles away.
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map requires different technology to acquire the data 

needed to create it. 

To build the topography map, researchers used 

a special instrument on board the LRO. The instru-

ment, called Lunar Orbiter Laser Altimeter (LOLA), 

sends a laser signal to the Moon; the signal back-

scatters upon hitting the Moon’s surface, sending a 

pulse back to LOLA. That pulse is used to determine 

the distance between the LRO spacecraft and the 

feature that the laser just struck. From that measure-

ment, scientists can calculate the heights of the sur-

face features. 

To create maps detailing specific elements on the 

Moon, scientists used several high-tech instruments. 

The Moon Mineralogy Mapper was an imaging spec-

trometer that measured distinct wavelengths of light 

reflected from the Moon. Those wavelengths separate 

into colors along the visible light spectrum and into 

the infrared that correspond to different minerals. The 

Lunar Prospector’s gamma ray spectrometer detected 

gamma rays and neutrons, the energies of which indi-

cate to scientists the chemical elements that are pres-

ent (because different chemical elements emit unique 

energy signatures).

The crustal thickness map was created with the help 

of NASA’s 2011–12 GRAIL mission (see sidebar p. 84). 

Twin spacecraft, Ebb and Flow, were launched to orbit 

the Moon, measuring the variations in its gravitational 

pull to calculate bulk density. Analyzed together with 

topography data from NASA’s LRO, and compared with 

seismic data from the Apollo missions, this data was 

used to determine the thickness of the Moon’s crust. 

Blue and green in this topography map indicate lower regions, like craters and basins, while red designates higher areas. 
Shown at the center is the South Pole–Aitken basin, one of the largest impact features in the solar system.

»A material world

Scientists are thinking of different ways to optimize the materials 

they’ve discovered on the Moon’s surface. One possibility is to 

3D-print structures, like roads or shelters, out of lunar dust. To test 

this idea, a group of European researchers used curved mirrors to 

collect sunlight and direct it toward imitation Moon dust, which 

melted it. The melted simulated lunar dust then solidified into 

bricks. They tested both crushed volcanic sediments from Arizona 

and a synthetic material mixture. 
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E
ven though we’ve demystified so many 

once-unknowns about the Moon, there 

is still a lot to be discovered. One burn-

ing and still unresolved question is pre-

cisely how the Moon formed. 

The universe’s origin story is believed to have 

begun 13.8 billion years ago with a big bang—an 

explosion that created all matter, energy, space, 

and time. About nine billion years later, our 

solar system began its formation—as a dense 

cloud of interstellar gas and dust. Gravity, and 

possibly the shock wave of an exploding star, or 

supernova, caused the cloud to collapse into a 

disk known as a solar nebula. This is how, 4.6 bil-

lion years ago, the Sun was formed. 

At that time, the Sun was a protostar at the 

center of a swirling disk-shaped cloud of molec-

ular gas and dust. Over time these molecular 

materials collected in denser regions. As the 

disk spun from momentum and heated up, most 

of the nebula balled up in the center and atoms 

began colliding to fuse into heavier elements, 

emitting energy in the fusion process. Our Sun 

was born, making up 99.8 percent of the mass 

of the entire solar system. Matter farther out 

formed rocks and protoplanets orbiting the 

nascent Sun. 

The early solar system was chaotic and 

crowded. Often the interstellar planetesimals—

rocky asteroids, icy comets, and larger objects—

would cross orbits, slamming into each other. 

These collisions had several different outcomes 

for the space objects—they either broke into 

smaller pieces, bounced off each other like  

billiard balls, or fused together into one  

larger entity. 

ORIGIN OF 
THE MOON



Billions of years ago, a Mars- 
size world, called Theia, 

slammed into proto- 
Earth and eventually led to  
the formation of the Moon.



As a result of gravity, rocky 
debris bound together and 
swept up more material,  
forming the Moon.
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Many objects in today’s solar system display evi-

dence of these collisions. For example, craters are 

the consequence of a projectile slamming into the 

surface of another body. Similarly, asteroids shaped 

like peanuts are the result of worlds that crashed into 

one another and then fused. If an impactor of substan-

tial size, like say a protoplanet, crashes into another 

object, it can do far more damage. 

Which brings us to the formation of Earth and the 

Moon. 

According to the giant impact hypothesis, scien-

tists think that about 4.5 billion years ago, just 60 

million or 70 million years after the solar system’s 

first rocky material had formed, a Mars-size object 

slammed into proto-Earth. (For reference, Mars is 

about 10 percent of the mass of Earth.) There was 

so much energy involved in that collision that the 

colliding body, which is known as Theia, essentially 

vaporized, taking some of proto-Earth’s surface 

material with it. The debris from the collision then 

fell into orbit around early Earth. 

About 100 years later—a mere blink of an eye in 

our solar system’s story—another world had formed 

from the disconnected debris. That world became 

Earth’s moon, eventually weighing in at about one 

percent of Earth’s mass, and about 10 percent of 

Theia’s mass. The remaining material produced by 

the crash either fell back onto Earth’s surface or 

took off on other trajectories around our Sun. The 

early Moon orbited in close proximity to young 

Earth—the distance between the two bodies is esti-

mated to have been three to five times the radius 

of Earth. 

CREATING A MOON FORMATION 
MODEL
Scientists know more about the Moon than any 

other celestial object. This has actually complicated 

attempts to produce a feasible model that simulates 

the Moon’s origin. Any reproduction that theorists 

contrive must bear out what we know to be true 

about the Moon. 

The giant impact model, which was fine-tuned 

by astrophysicist Robin Canup, met those criteria 

when she first presented the details around the turn 

of the 21st century. Her model refined an earlier 

hypothesis that was first formulated in the 1970s 

and ’80s. And so, for decades, the giant impact 

hypothesis was the commonly accepted theory. 

But after ongoing research on lunar rock samples, 

questions had begun to arise. In every version of 

the giant impact hypothesis, the Moon forms out 

of Theia, the body that struck early Earth, not out 

of Earth itself. But the lunar samples collected on 

the Apollo missions told a different story. Scientists 

discovered that specific chemical elements on the 

»Where did other moons come from?

The formation stories for many of the moons in our solar system are  

still a mystery. Scientists think Neptune’s icy moon Triton was likely 

captured. Its surface coloring is reminiscent of objects in the Kuiper  

belt, a region farther from the Sun than the reach of Neptune’s gravity. 

Researchers think some event may have disrupted the Kuiper belt and 

sent objects flying, and Neptune’s gravity was there to take hold of Triton. 

According to a new study, several of Saturn’s small moons formed after 

head-on collisions with other moons. Even Saturn’s rings may have started 

out as an icy Saturnian satellite; after the giant planet’s gravity shredded 

that moon, the debris circled Saturn as the brilliant ring system. 



This illustration shows an 
increased rain of space 
debris bombarding  
early Earth.
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Moon and on Earth were very similar—too similar, 

they think, to have originated as separate bodies in 

the solar system. 

“Each planetary body, and the meteorites from 

that body, has its own unique set of isotope ratios 

for different elements,” says planetary scientist 

Sarah Stewart. Isotopes are versions of each ele-

ment, so each has the same number of protons 

(which defines the element, like carbon) but a dif-

ferent number of neutrons. The ratios of isotopes 

to other isotopes are specific to each solar system 

body, sort of like humans’ fingerprints. 

Stewart and her colleagues approached the  

question of the Moon’s formation a bit differently.  

In their computational model, they started with  

a giant impact, but the energy of the impact was 

so high that it not only vaporized Theia but melted 

and partially vaporized Earth as well. The ensuing 

cloud of vapor from Theia and proto-Earth—shaped 

like a doughnut and known as a synestia—led to  

the formation of the Moon from a mixture of the 

impactor material and proto-Earth. This theory 

would explain our Moon’s similar composition to 

Earth’s. “An important part of the Moon formation 

story is that the vaporous synestia had to be  

around long enough to mix with the flavor of the 

Earth,” says Stewart.

Meanwhile, new research is muddying the waters 

a bit. Geochemist Nicolas Dauphas of the University 

of Chicago has made new observations about mete-

orites. Meteorites are remnants of the first materials 

that developed in the solar system, having formed 

in the first few million years. It’s thought that Earth 

didn’t form until tens of millions of years later. Yet 

In one formation model,  
the giant impact creates a 
doughnut-like synestia of 
vaporized Earth, and the 
Moon accretes within it  
near the edge.
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Dauphas has noted that there’s a surprising overlap 

in the isotopes found in some meteorites and Earth. 

One way to explain those similarities is if the 

material accreted by Earth always comprised a large 

fraction of impactors with compositions similar to 

Theia’s. That would mean Earth and Theia shared 

similar materials from the start, and theoretically the 

Moon has formed out of a fragment of Theia, with no 

mixing needed to explain their matching isotopes. 

A decade ago, researchers widely accepted the 

giant impact hypothesis for how the Moon formed. 

The research from the past few years, however,  

has made the understanding of the lunar origin—

particularly the details—less clear. 

»The theories of old

How the Moon formed is one of the biggest questions in planetary science, which means there have been 

plenty of formation theories over the years. In one, known as the condensation theory, the Moon and 

Earth formed together in the nascent solar system, near where they are today. According to another theory, 

the fission theory, Earth was originally larger, and while it was forming, it was spinning so fast that some of the 

material spun off and fused together, forming the Moon. 
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I LLUSTRATED LUNAR HISTORY
ment like immediately following the collision? Some 

researchers believe the impacting object vaporized 

to form a disk around Earth; then within the disk, the 

Moon condensed some 100 years later. Other scien-

tists believe the energy of the collision was so high 

that a large portion of Earth vaporized too, and then 

mixed with the impacting object’s debris. While there 

are still many unanswered questions, there is much we 

do know about what happened and when. 

T he Moon formed in an early epoch in the 

solar system’s history. The most likely chain of 

events follows a violent collision, the so-called 

giant impact hypothesis, where a Mars-size proto-

planet hits Earth. But the details—like at what speed it 

slammed into Earth, at what angle, and from where it 

came—are not clear. After all, no scientists were there 

to witness the event. Other questions remain as well. 

For example, what were Earth and its nearby environ-

»
4. 567 BILLION YEARS AGO

The molecular material spinning 
in a solar nebula forms our solar 
system, including Earth.

» 4. 3  BILLION YEARS AGO 
The oldest dated lunar rocks that 
have been discovered are from 
this time period. Also, it’s 
thought that the Moon at this 
time has a strong magnetic field.

« 60 MILLION 
YEARS LATER
A large Mars-size 
protoplanet slams 
into young Earth. 
This impact’s energy 
breaks apart the 
impactor, throwing 
the debris into a 
disk around Earth.

»

100 YEARS LATER 
The Moon is essentially 
composed of molten rock, 
and lies the distance of 
three Earth radii from 
Earth. The Moon begins to 
cool. A dense core forms 
at the center.

» 10,000 YEARS LATER 
Eighty percent of the 
magma ocean has solidi-
fied, starting from the  
center and moving out-
ward. Less dense materials 
solidify and float to the  
surface. One hundred mil-
lion years pass while the 
rest of the Moon solidifies.Giant impact hypothesis

Slowly cooling

Baby planets

Solid, hot worlds
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» 2 . 5 BILLION YEARS – 
1  BILLION YEARS AGO 
It’s thought that this is when 
the Moon’s magnetic field 
may have petered out. 

» 3.8  BILLION YEARS AGO 
Microbes exist on Earth. This 
might be the first life to evolve  
on our young planet.

»

 3. 5  BILLION YEARS AGO 
The Moon’s surface is host to 
active volcanoes, which might 
spew enough gaseous material 
above the surface to create a 
denser atmosphere.

»

50 YEARS AGO 
Humans take their  
first steps on the 
Moon. In total, over 
three and a half years, 
a dozen men walk  
on the lunar surface 
and explore Earth’s  
companion up close.

A volcanic past Small steps and giant leaps

Moon impact record

» 4.1–3.9 BILLION 
YEARS AGO 
The solar system is a dan-
gerous place. Rocks are 
still flying around, slam-
ming into anything in their 
path. Today the Moon’s 
surface still displays evi-
dence of this time period.

»

 4.1–3.9 BILLION 
YEARS AGO 
This round of heavy impact 
bombardment pockmarks 
the surfaces of the inner 
planets, but Earth’s geol-
ogy erases most traces  
of it.

Earth’s cosmic barrage
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T
he Moon has a very tenuous atmosphere, 

so thin in fact that scientists refer to it as 

an exosphere—it’s almost indistinguishable 

from space. In Earth’s atmosphere, molecules 

collide all the time, but in the lunar exosphere, there 

are so few in any given volume that molecules almost 

never collide. The Moon’s exosphere is about one- 

trillionth the density of Earth’s atmosphere at sea level. 

Some scientists think the Moon had a much thicker 

atmosphere three to four billion years ago that was 

created from gases spewed by ancient volcanoes. We 

know that there were active volcanoes on the Moon 

because samples returned from Apollo and Soviet 

missions include basalt, which is cooled lava. The dark 

maria on the lunar surface are giant lava plains.

A few years ago NASA scientists sent a mission to the 

Moon to study the molecules and dust in the thin exo-

sphere. This spacecraft (Lunar Atmosphere and Dust 

Environment Explorer, or LADEE) orbited for about six 

months before intentionally crashing into the Moon. 

From that mission, scientists now know that the most 

prevalent gases in the Moon’s exosphere are helium, 

neon, and argon. Helium and neon originate from the 

Sun, which emits a constant wind of radiation and gas. 

The Moon’s argon comes from radioactive processes 

within lunar rocks.

Researchers also discovered that when meteoroids 

strike the lunar surface, the collision heats the surface 

dirt, vaporizing it and lofting it into the exosphere. 

LADEE detected more sodium and potassium in the 

atmosphere after an excess of meteoroids showered 

the Moon’s surface. 
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The LADEE spacecraft, illustrated 
here, studied the Moon’s atmo-

sphere for five months. 
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E
xploring the surface of the Moon isn’t the 

only area of scientific inquiry. Discovering 

what lies beneath has been equally exciting. 

To learn about the Moon’s interior, scientists 

have had to be creative. They know that, like Earth, 

the Moon separates into different layers. At the very 

center is a solid iron core embedded within a liquid 

outer core. Above the core lies the mantle, which 

makes up most of the Moon’s volume. The Moon’s 

core and mantle rotate around slightly different 

axes. Then, at its surface, is the Moon’s crust. 

Today the crust on the mountainous highlands 

is mostly made of the whitish rock anorthosite, the 

volcanic maria and other similar features are cov-

ered in basalt, and impact craters contain breccia 

(rocks that have been heated, smashed, broken, 

and then fused together in fascinating conglomera-

tions). The top layer of lunar material is called rego-

lith. It’s a gray soil of fine-grained dust—the product 

of billions of years of incoming micrometeorites—

with small rocks and glass beads mixed in. 

If a pie-like slice was taken from the Moon, its prop-

erties would vary depending on from where it was cut. 

The Moon’s crust can range from near zero to 37 miles 

(0–60 km) deep, depending on whether the area con-

tains an impact crater or has features with high eleva-

tion, like the far side’s mountainous highlands. 

But that’s not the only imbalance in the Moon’s 

crust. Overall, on the far side it’s thicker and seems 

to have a different composition than the crust on 

the near side. One thing to note is that the Moon is 

not perfectly spherical—it’s actually elongated a bit, 

like an egg. Billions of years ago, the Moon was much 

closer to Earth; in fact, it was 10 to 20 times closer 

than it is now. Early on, one side of the Moon became 

fixed by gravity in its position with Earth, or tidally 

locked, and because the gravity was stronger from 

Earth on that side, the Moon became stretched.

At this time both Earth and the Moon were 

extremely hot, and the Moon was still covered by 

a magma ocean with a crust on top. Earth’s gravity 

squeezed and stretched the Moon’s liquid innards, 

and those motions continued to heat its matter. 

One theory to explain the disparity in crustal thick-

ness is that it’s a result of different parts of the 

Moon having been heated differently. The side not 

facing Earth would have given off heat, while the 

side facing our planet would have been blasted by 

the still hot Earth. It’s not surprising then that these 

A DEEP DIVE 
INSIDE THE MOON

Both the Moon and Earth have complex and multilayered 
interiors with (shown here from top) a crust, two mantle 
layers, and a core.
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The first seismometer brought 
to another world detected 
tremors within the Moon.



In this false-color map of the 
Moon’s gravity, blue indicates 
less gravity (for example, a 
carved-out crater), while red 
and yellow correspond to 
higher gravity (mountains).
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differing conditions led to different minerals in 

those places.

GEOLOGIC CLUES 
Scientists feel confident that the Moon was once very 

hot, and the strongest evidence for that idea comes 

The Apollo 11 astronauts brought this seismometer to the Moon. For three weeks it collected information about the 
strength, duration, and approximate direction of vibrations below the surface.

from the rock samples themselves. Every type of rock 

is made of some combination of minerals, and some 

of the rocks collected on the Moon consist of minerals 

that form only in very high temperatures. One such 

mineral is plagioclase feldspar, the main ingredient 

for a rock found on the Moon called anorthosite.

»Lunar tremors

The Moon’s innards quake, just as Earth’s do. Apollo 12, 14, 15, and 16 left complex seismometers on the 

lunar surface, and until they were switched off in September 1977, they were able to detect the tremors. 

The four instruments were arranged in a triangle shape across the Moon’s surface, and by comparing the 

strengths and timing of detected tremors, scientists could determine more about the Moon’s interior. In the 

eight years the seismometers were in use, 28 shallow quakes were detected, seven of which were estimated to 

be magnitude 5, while most deep-level quakes (which occur much deeper within the interior) were less than 

magnitude 2.
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The aim of the GRAIL (Gravity Recovery and Interior Laboratory) mission was to discover more about the 

Moon’s interior by creating the most accurate gravitational Moon map to date. GRAIL consisted of twin 

spacecraft that orbited the Moon, one following the other. Both probes could send and receive microwave sig-

nals and carried computers to calculate how long the signals took to travel between the spacecraft. For exam-

ple, if one probe flew over a region with concentrated mass (known as a mascon and characterized by having a 

strong gravitational pull), gravity would pull that craft closer to the region. The probes would then detect any 

change in their distance from each other, even distances smaller than the width of a human hair. 

»GRAIL: Gravity sleuth

As the twin GRAIL spacecraft 
passed over areas on the 
Moon, they felt the push and 
pull of gravity and transmitted 
that information back to Earth. 

Plagioclase feldspar is a distinctive mineral that 

reveals clues for how the lunar interior evolved. 

The current leading hypotheses of how the Moon 

formed all involve a giant impact. This impact was a 

high-energy event that would cause shock heating— 

to temperatures so high that rock would liquefy. 

Consequently, the Moon started off molten. As it 

cooled, solidified, and turned to minerals, those  

solids—including the magnesium-rich minerals  

olivine and pyroxene—were denser than the liquid 
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surrounding them and therefore sank and sat atop 

the Moon’s small core. This means that the magma 

was essentially solidifying from the inside out. 

It took just 10,000 years for 80 percent of the 

Moon’s magma ocean to solidify, but “once that  

80 percent point comes around, that’s when things 

get interesting,” says Viranga Perera, a Johns Hopkins 

University lunar interior researcher. That was the point 

that the mineral plagioclase feldspar and the rock it 

makes up, anorthosite, began to stabilize. And unlike 

other rocks that were denser than the surrounding 

magma, they were less dense, so they floated. 

They traveled to the top and sandwiched the 

remaining liquid magma between the newly formed 

crust and the already solidified rock below. What 

was left of the liquid rock took much longer to cool. 

Computer models keep arriving at the conclusion 

that it took tens of millions of years for the remain-

ing magma ocean to solidify, while the physical 

samples from the Moon suggest about 100 million or 

200 million years. 

The samples that scientists have are almost exclu-

sively from crust material or some of the lava that once 

existed as magma farther below and oozed out via vol-

canic processes. Studies of the lunar interior suggest 

the mantle material is denser than the crustal rocks. 

None of the Apollo samples match the expected man-

tle density and composition. The fact that there are 

no samples from the lunar mantle is a bit of a surprise 

to researchers. Incoming large projectiles should have 

uplifted some material from deeper layers when they 

formed the enormous basins on the Moon’s surface. 
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M
agnetic fields are areas of space 

around objects that have motion 

among charged particles. Most 

materials have magnetic properties, 

and, depending on the material, these properties 

behave differently when exposed to a magnetic 

field. If the material feels the push-pull of the mag-

netic force, we say it’s magnetic. Magnetic fields 

are understood to be generated by a dynamo. A 

dynamo is the process in which a fluid motion of a 

conducting material creates an electric current, and 

electric currents create a magnetic field. Geophysi-

cists think Earth’s magnetism is generated by the 

flow within its liquid iron core, something scientists 

call a core-dynamo magnetic field.

Earth’s magnetic field forms a sort of magnetic 

bubble around our planet, attracting or deflecting 

charged particles. This magnetic field helps protect 

Earth from bursts of solar radiation (by deflecting 

harmful radiation out into space) and also contrib-

utes to “auroras,” the brilliant dancing lights seen in 

the sky near Earth’s poles.

Most of the planets in the solar system have mag-

netic fields, but many of the smaller objects do not. 

The Moon, for example, does not have a global mag-

netic field, which is what made one of the first scientific 

discoveries from the Apollo program so surprising: 

Using magnetometers, astronauts determined some of 

the rocks on the Moon’s surface were magnetic. 

So, then, the question arose: Were these surface 

rocks evidence that at one time the Moon had a 

global magnetic field with a core dynamo of its own? 

The answer to that question is still up for debate. 

“Basically every rock—whether it’s an Earth rock or 

a Moon rock—usually contains some kind of magnetic 

mineral inside it,” says Rutgers University’s Sonia 

Tikoo, a paleomagnetist, meaning she studies the 

evidence of ancient magnetic fields recorded in rocks. 

On the Moon, rocks contain grains of iron, which if 

present while rocks are forming inside a magnetic 

field—say from a lava flow that is cooling and solidify-

ing—“will record magnetism in the direction of what-

ever field is around at the time that they form. And 

that magnetization is recorded semipermanently.” 

LUNAR MAGNETISM

The bright lunar swirls near the center of this image of Mare Marginis are examples of one of the Moon’s mysteries.  
Scientists believe that lunar swirls are related to the magnetic field, but they don’t know exactly what causes them.
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Early in the Moon’s history, mov-
ing liquid iron at its core may have 

generated a global magnetic field.



Apollo 17 geologist and astro-
naut Harrison “Jack” Schmitt 
heads to collect a lunar rock 
that he’ll bring back to Earth. 
Scientists continue to use sev-
eral samples from this mission 
to study the Moon’s ancient 
magnetic field.
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Sometimes Earth’s magnetic field corrals high-energy particles from solar ejections. Those particles can interact with 
gases in the atmosphere to create beautiful auroras. Green and red light shows stem from oxygen interactions.

According to the theory posited by Tikoo and her 

colleagues, the Moon had a strong magnetic field 

between 4.25 billion and 3.5 billion years ago. “It 

was, on average, about as strong as the Earth’s mag-

netic field is today,” she says. They think the lunar 

magnetic field then waned and “puttered along in 

a weaker state until at least 2.5 billion years ago, 

perhaps even as long as one billion years ago.” But 

they’ve only found signs of this long-lasting field in a 

few samples. 

Tikoo and her colleagues have many more ques-

tions that they hope future samples—of different 

rock types and ages, from various areas on the 

Moon—can help address. 

Because magnetic fields need a dynamo, if the 

Moon did have a global magnetic field, that would 

indicate that the interior was hot enough to separate 

into a metallic core with a mantle around it. There 

also had to be some acting force that set the liquid 

metal in motion, generating the magnetic field. 

A complicating factor in this debate is that not 

all of the samples that have come from the Moon 

show stable magnetism. Scientists aren’t sure if that 

means there was no global magnetic field, or if the 

field was weaker and some rocks weren’t as effective 

at recording magnetic properties. From those that 

do have magnetic signatures, researchers can piece 

together a theory of the Moon’s magnetic history. 

»Lunar swirls

Lunar swirls are one of the coolest features in the solar system,” 

says Sonia Tikoo about these bright squiggly markings on the 

Moon's surface. “Why they happen is confusing, but we do know 

that the areas where there are lunar swirls are some of the most 

strongly magnetized areas in the lunar crust.” Scientists have many 

theories but few answers about these magnetic mystery marks. 

One possible explanation is that they are related to localized  

magnetism, caused by magnetic anomalies in the Moon’s crust. 
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T
he Moon’s pitted surface does not tell the 

story of a past plagued only by impacts; it 

also offers evidence of a world once popu-

lated by active volcanoes. 

One highly visible feature of the Moon are the lava 

flows, or maria, on the near side. The Moon’s surface 

hosts volcanic domes (which occur when the thick, 

sticky magma reaches the surface and then builds up 

around the vent) and sinuous rilles, which are miles-

long channels of lava. Often, the sinuous rilles are 

located near small, round pits on the Moon. 

Also discovered on the Moon’s surface are smaller, 

irregular-shaped deposits of lava—which scientists 

have called “irregular mare patches” (IMPs). These 

were first seen in photos taken from Apollo 15 while 

in orbit, but researchers have now found dozens 

of IMPs, and their appearance is surprising—in fact, 

they might signify much more recent volcanic activ-

ity than has long been thought.

Five years ago, a study was published in which 

researchers analyzed 70 IMPs and any craters that 

happened to have been created on top of them. 

Based on the average rate of impacting objects and 

chronology models that scientists have developed 

over decades, the researchers studying these IMPs 

believe they were created roughly 100 million years 

ago. That may sound like a long time compared to 

human life spans, but it’s recent in an astronomi-

cal time frame. Those same scientists are hoping to 

send a small lander mission to the Moon’s surface 

to explore one of those IMPs and look for specific 

surface features up close that would indicate recent 

volcanic activity. If it’s discovered that there has in 

fact been recent activity, it would come as a great 

surprise, as all other signs up until now have pointed 

to the Moon having been cold and volcanically inac-

tive for the last billion years.

In its early history, the Moon’s innards were mol-

ten. As the Moon cooled, its crust solidified, and 

then cracks formed at the lunar surface and magma 

oozed out. Then the lava filled the impact basins 

that were created from collisions during the volatile 

A VOLCANIC HISTORY

A sinuous rille, a channel that would carry hot lava from small pit structures, is a remnant of the Moon’s volcanic past.  
The snake-like feature in this photograph is Vallis Schröteri, the largest lunar rille.
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As illustrated here, at the peak  
of volcanic activity on the Moon,  

all the released gas may have 
 created an atmosphere.



In this image, captured during 
Apollo 15, the low angle of the 
Sun accentuates the Montes 
Agricola mountain range on 
the Moon.
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period scientists refer to as Late Heavy Bombard-

ment. The lava solidified, creating the giant maria 

we see on the Moon’s surface, and while the vol-

canoes were not tall compared to Earth’s volcanic 

features, the Moon’s lower gravity meant the lava 

flowed farther. 

The rock samples that have been collected on the 

Moon are further evidence that there were active 

volcanoes. The Apollo astronauts, who landed on the 

near side, which displays far more maria and former 

volcanic activity, brought back a lot of basalt, which 

is cooled and solidified lava. Some of these samples 

also contain small glass beads, which are thought to 

have formed when material was shock-heated during 

so-called fire fountains on the Moon’s surface. 

Scientists have analyzed many of the basalt sam-

ples, and they’ve seen great variation in their age and 

composition. Most of the samples are from around 

3 billion to 3.9 billion years ago, leading scientists to 

deduce that that was when volcanic activity on the 

Moon was the greatest. Researchers are eager for 

future missions and sample collection that will hope-

fully shed new light on how long volcanoes were 

active on the Moon. They know from recent maps of 

the Moon that there are other types of basalts pres-

ent and many locations that have yet to be tested. 

The Moon’s Marius Hills region hosts many volcanic characteristics, like winding rilles, occasional pits (thought to be holes 
in lava tubes), and low-lying shield volcanoes, which look like slightly elevated plateaus.

»Lunar pits as protection

Scientists have discovered more than 200 pits, with sizes ranging 

between 16 feet (5 m) and nearly 0.6 mile (1 km) across, on the 

Moon’s surface. They think these pits formed when the ceilings of lava 

tubes (like those on Earth, as pictured here) or other underground cav-

ities collapsed. Lunar exploration experts have suggested these pits 

and their accompanying caves could provide shelter to future astro-

nauts. A habitat built below an overhang could be easy to access but 

also shield humans from space radiation and harmful micrometeorites. 
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E
arth’s Moon is so much more than the celes-

tial body next door. Earth and the Moon are 

interconnected, as are the processes that 

have shaped them. “The Moon is a fascinat-

ing world, but it’s [also] telling us a story about the 

Earth and the solar system,” says planetary scien-

tist Bill Bottke. That story is what happened to the 

inner planets—Earth, Mars, Venus, and Mercury—in 

the solar system’s 4.6 billion years of existence, and 

most significantly, the first 500 million years.

Scientists know that proto-Earth must have 

formed not long after the earliest material in our 

planetary system formed. The oldest material 

researchers have found and measured are bits of 

asteroids that are 4.567 billion years old, and studies 

of lunar rocks suggest the Moon is 4.51 billion years 

old. It is understood that Earth must have formed 

in between those times, but the earliest Earth rocks 

that scientists have found on our planet are all 

younger than 3.9 billion years. That leaves quite a 

gap within which, researchers believe, was a period 

of heavy bombardment by failed planets and aster-

oids—a sort of cosmic firing squad.

The Moon’s proximity to Earth means whatever 

happened to our companion likely happened to 

our planet as well. But Earth is a geologically active 

world and is constantly restructuring its surface with 

dynamic processes like plate tectonics, volcanism, and 

water and wind erosion. If we want to know what hap-

pened to Earth during this period of heavy bombard-

ment, we can look at the Moon’s surface for clues. 

Scientists have found fewer than 200 impact cra-

ters on Earth’s surface, while they’ve mapped thou-

sands on the Moon. The lunar face displays a record 

of the rocks, large and small, that have slammed 

into it. Statistically, because Earth has more surface 

area and greater gravitational pull, it’s very likely our 

planet experienced more pummeling and by even 

larger objects. 

But rocks and protoplanets aren’t the only things 

that hit solar system bodies. The Sun spews a wind 

of high-energy particles and radiation, including 

occasional giant explosions called solar flares. Other 

astronomical events energize particles, which then fly 

on high-speed paths through the cosmos. Earth’s mag-

netic field and atmosphere block much of that material 

and energy from reaching the surface. The Moon, how-

ever, lacks a dense enough atmosphere and doesn’t 

HOW EARTH AND THE 
MOON ARE CONNECTED

Just like the Moon, Earth experienced impacting aster-
oids millions of years ago (illustrated here). 
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One of the best preserved impact 
craters on Earth is Meteor  

Crater near Flagstaff, Arizona.
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have a global magnetic field. By examining the weath-

ering of the lunar surface, we can learn more about the 

solar wind and cosmic rays that are aimed at Earth.

To discover how life got started on our planet, it’s 

crucial that we have a better understanding of the early 

impact history of Earth. The earliest signs of microbial 

life are dated to about 3.5 billon years ago, but there 

are hints in those fossils that they might be of life-

forms that had been evolving for hundreds of millions 

of years. This leads scientists to wonder whether life 

emerged only after the cosmic barrage ceased, or if 

several tracks of organisms had sprung to life before, 

but only those that managed to survive evolved and 

persisted. These are questions that planetary scientists 

and astrobiologists continue to deliberate.

Learning more about the timing and scale of the 

impact events on the Moon can also shed light on 

more modern events on Earth. In fact, Bottke and 

his colleagues have investigated this connection 

recently, and they found evidence of a change in 

impactor frequency 290 million years ago—both on 

Earth and on the Moon.

Scientists have long hoped to find a meteorite 

from early Earth on the Moon that could unlock 

some of the greatest remaining mysteries. After all, 

researchers have found meteorites on Earth that 

originated on the Moon and on Mars. Just recently, 

that hope may have been realized. Encased in a 

nearly 20-pound (9 kg) Moon rock nicknamed “Big 

Bertha” from Apollo 14, scientists found a four-

billion-year-old fragment thought to be from Earth. 

If the rock is in fact terrestrial, it will be a window 

into ancient Earth’s Hadean time. It could not only 

show that the granite rocks of Earth’s continents 

Earth’s weather cycle and plate 
tectonics helped to erase the 
evidence of long-ago impacts. 
The Moon’s surface, however, 
records them.
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A few scientists have tossed around the idea that perhaps  

the Moon was habitable at an earlier epoch. Shortly after  

the Moon formed and as it solidified, its heat led to so-called  

volatiles outgassing. One of these volatiles is water. If the Moon  

was releasing water at a fast-enough rate, some of that water  

could have remained on the surface for a brief amount of time.  

This scenario would also require a lunar atmosphere, produced  

by volcanic activity.

»Lunar life?

were already forming but also confirm that Earth 

was being blasted by asteroids with impacts great 

enough to excavate rocks and launch them all the 

way to the Moon. Scientists are predicting that  

more terrestrial sample discoveries could follow,  

and chemical analysis could reveal more about when 

life evolved as well as what the conditions were like 

at that time. 

Our planet’s companion is not a world in isolation. 

Intense scientific scrutiny has revealed it’s a vast 
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source of information we can use to better under-

stand Earth and the early epoch of our solar system. 

As David Kring, senior staff scientist at the Universi-

ties Space Research Association and NASA principal 

investigator for the team at the Center for Lunar Sci-

Some 200 million years ago, an asteroid collided with what is now Quebec, Canada. Manicouagan Reservoir is the result. 
At nearly 60 miles (100 km) wide, it is one of the largest impact craters on Earth.

ence and Exploration (CLSE) that discovered Earth’s 

oldest rock on the Moon, says, “The Moon has this 

living library of solar system events that you can 

retrieve nowhere else.” Finding new ways to access 

that library will be a crucial future endeavor. 

Earth’s surface is not without its own unexpected discoveries. In 

the past year, scientists have found two bowl-shaped impres-

sions, one within Greenland’s Hiawatha Glacier, which they believe 

to have been caused by a city-size impact crater directly below, and 

another about 114 miles (183 km) away. Scientists tested sediment 

near the Hiawatha crater and found “shocked” quartz, a mineral 

state caused by high-energy events like large impacts. If the impact 

crater is confirmed, researchers hope to date the event through 

continued analysis of the existing samples and by investigating a 

larger sample size of sediments from the site.

»Newly discovered Earth craters
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As illustrated here, 65 million 
years ago, a 7.5-mile-wide  

(12 km) asteroid crashed into 
the ocean near Mexico’s Yuca-
tán Peninsula and likely led to 

the extinction of the dinosaurs.



CHAPTER FOUR

WHERE DO WE 
GO FROM HERE?

After millennia of looking up at the Moon with awe and wonder, in 
the past six decades, we have made great strides in what we know 

about our lone satellite. And while scientists have discovered so 
much, there are still plenty more mysteries to solve. What will the 

next chapter of Moon exploration look like? 



Borepudae quia volut alicto 
tem sequasi tiumquunt rem. 

Nam derum, conecum quos

The future of space travel remains 
to be seen, but it has long captured 

the imagination of dreamers,  
scientists, and explorers. 
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S
cientists have revealed an incredible lunar 

story from rocks and dirt, dozens of robotic 

and crewed spacecraft, and mind-boggling 

advancements in technology. But even with 

the significant amount of data that scientists have, 

our knowledge of the Moon is still very limited. 

So much of what we know about the Moon relies on 

842 pounds (382 kg) of Apollo samples and less than 

one pound (.45 kg) of Soviet Luna samples. These 

specimens were collected from nine locations on the 

Moon, all of which were on the near side and either 

at the equator or no more than 30 degrees latitude 

away from it. 

“The samples we have are just not capable of 

[showing] us the full picture of the Moon,” says plane-

tary scientist Bill Bottke. Similarly, if scientists studied 

rock or vegetation samples from only a dozen loca-

tions on Earth, they couldn’t possibly have a compre-

hensive understanding of our world.

A glaring absence from that full lunar picture is 

material from the far side. Yet with the milestone in 

2019 of China’s Chang’e 4 vehicle landing on the far 

side of the Moon, a new chapter has begun in lunar 

exploration. Observations made from lunar orbits 

have shown scientists that the side we can’t see from 

Earth is home to different geologic features and 

materials. 

To gain a more complete picture of the world’s 

geology, researchers want samples from several loca-

tions on the far side, perhaps most of all the South 

Pole–Aitken (SPA) basin. It remains to be seen what 

the world’s first foray to the far side of the Moon will 

reveal. Chang’e 4 landed in Von Kármán crater, which 

is located inside the SPA basin, one of the largest and 

oldest impact features in the solar system. The basin 

stretches nearly one-quarter of the way across the 

Moon, but because it’s on the far side, researchers 

know little about it. Finding out the age of the basin 

THE MOON MYSTERIES 
THAT REMAIN

Billions of years ago, asteroids whizzed through the solar system, and collisions were common. It’s still unknown, however, 
when the highest concentrations of bombardments occurred.



In this photo taken by the crew of 
Apollo 13, bright rays of material 

seem to emanate from a crater, 
which lies on the Moon’s far side.



China’s Chang’e 4 rover rolled 
onto the lunar far side’s dust 
in January 2019. (The dust 
appears red in this prepro-
cessed photo.)
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would help pinpoint when the rest of the inner solar 

system’s major impacts occurred. 

Researchers would also like to sample and analyze 

the Moon’s mantle. The results of the GRAIL space-

craft’s gravity mapping mission made reaching that 

layer, below miles of lunar crust, more feasible. It found 

that two impact basins—Crisium on the near side and 

Moscoviense on the far side—are covered in less than a 

half mile (0.8 km) of crust, which means it might be pos-

sible from those craters to drill deeper down into the 

mantle to extract a core (a long cylinder of material) or 

other samples. Scientists could also use these samples 

to further investigate the water content of the Moon. 

To better determine the time line for the Moon’s 

possible magnetic field—when it powered up, its 

strength, and when it turned off—researchers need 

more geologic samples of varying ages and from dif-

ferent locations.

And then there’s the question on every lunar sci-

entist’s mind: How did the Moon form? This great 

unknown is intertwined with the formation stories 

of Earth and the rest of the inner solar system. It is 

very likely that an impact led to the formation of the 

Moon, but none of the details are clear, including 

what followed that impact. 

Many of these answers, researchers believe, will 

come once they can sample more of the Moon. Other 

answers will need better theoretical models that can 

appropriately account for the increasingly detailed 

analyses and isotopic evidence. And still other inves-

tigations will require information that can only be 

gathered by humans at the lunar surface. 

After decades of analyses of lunar rocks and dirt, countless scientific measurements from orbiters and landers, and years 
of refining computer models, the Moon’s formation still perplexes researchers. 

»Perfect target?

Scientists have their sights set on the Moon’s far side, and there’s 

one target that’s of particular interest—Schrödinger basin, which 

is located within the larger South Pole–Aitken basin. While the SPA 

basin is one of the oldest lunar impact craters, Schrödinger is one of 

the youngest. Collecting samples could help bookend when the bulk 

of impacting occurred. Using the camera on board the Lunar Recon-

naissance Orbiter, scientists have even found specific boulders they 

want to sample.
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N
ASA recently announced that research-

ers will open some of the still sealed 

Apollo samples, which have been locked 

away since they returned from the Moon 

decades ago. These samples, like all of the others 

that have been studied so far, came from the near 

side of the Moon. But scientists want new samples, 

from different parts of the Moon, and it looks like 

they might just get them soon. 

In January 2019, China made history when it landed 

a spacecraft on the far side of the Moon, driving a 

robotic rover across the surface. According to recent 

reports, the next Chinese mission, planned to launch 

at the end of 2019, will collect samples on the Moon’s 

near side. This future mission, Chang’e 5, coupled with 

the recent mission to the far side, Chang’e 4, is said to 

be leading up to a spacecraft that will collect material 

from the yet unsampled far side of the Moon, near 

the south pole—a region from which scientists are 

eager for samples. The Chinese have several subse-

quent missions planned, all in preparation for what 

they hope is their future first—a science and research 

base on the Moon. 

According to U.S. law, government-funded NASA 

researchers cannot collaborate with China unless given 

explicit congressional approval. Recently, however, 

the NASA administrator and the head of China’s space 

agency expressed interest in future collaboration.

While robotic exploration can yield tremendous 

findings, many scientists argue it pales in compari-

son to what humans can discover when actually 

there. But there is considerable work to be done to 

get humans back to the Moon.

TO THE MOON AND BACK 
There hasn’t been a rocket powerful enough to 

launch crews and their equipment into deep space 

since the Apollo program’s Saturn V rocket. NASA is 

developing the next generation launch vehicle, the 

Space Launch System (SLS), which the space agency 

says will be more powerful than the Saturn V. So far, 

several components of the SLS have been tested, 

but its first test flight won’t happen until 2020 at the 

earliest. It has been estimated that the full booster 

system will be ready for a crewed trip to the Moon in 

the late 2020s. 

China is also developing a heavy-lift rocket sys-

tem, and rumors suggest its time frame for a test 

flight will be around 2030. Russia is also back in the 

lunar-exploration game and recently made public 

its interests in building a “super-heavy” rocket, 

which they hope will solidify their place in the new 

space race. Several private companies are also 

WHAT’S NEXT FOR 
HUMAN EXPLORATION

In preparation for future human missions to the Moon, 
China’s Yuegong 1 (or Lunar Palace 1) experiment tested a 
bioregenerative life support system (BLSS) for 370 days in 
a self-contained environment, simulating a lunar base.



Several international space 
agencies have studied mission 
ideas and futuristic prototypes 
to return humans to the Moon. 
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pushing forward with their plans to prepare launch 

vehicles. Jeff Bezos’s Blue Origin is developing New 

Glenn rockets. Elon Musk’s SpaceX is developing the 

Starship, and to help fund that development, the 

company has sold a flight around the Moon. Japa-

nese billionaire Yusaku Maezawa purchased seats 

for himself and a team of artists to be the first lunar 

tourists. The flight is scheduled for 2023. 

Once humans have made their way back to the 

Moon, what happens next? NASA has been focusing 

on something called the Lunar Orbital Platform-

Gateway (aka “the Gateway”). This would be a 

facility and research lab in orbit around the Moon 

to temporarily house and support astronauts and 

their scientific expeditions. It could also serve as a 

base for remote-controlled lunar rovers and other 

human-assisted robotic spacecraft on the Moon. 

The project has gained momentum, and NASA 

says the first pieces that will be used to begin con-

struction on the Gateway should launch in 2022. In 

December 2017, President Donald Trump signed 

a policy directive for a U.S.-led program to return 

humans to the Moon, followed by other space mis-

sions, including to Mars. In March 2019, Vice Presi-

dent Mike Pence announced a goal of returning 

American astronauts to the Moon (and to its south 

pole, specifically) by 2024. NASA’s human space-

flight plans are heavily influenced by the priorities 

of each presidential administration. Only time—and 

U.S. funding—will tell which projects endure.

In the meantime, international research groups and 

other space agencies have studied several mission 

concepts, including a human-assisted, robotic sample-

return mission. The European Space Agency and the 

Scientists and researchers are 
looking into the possibilities 
of using 3D printers and local 
lunar resources to build a base 
on the Moon.
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The last time NASA had the technology to launch humans to the 

Moon, it used the expensive, single-use Saturn V rocket. The rock-

et’s three stages could launch up to 50 tons of material to the Moon, but 

as each stage completed its purpose, it was discarded. The first two 

stages broke apart and burned up in the atmosphere, and some material 

splashed into the ocean. The third stage stayed with the spacecraft for 

longer, and some were sent out into space or purposely crashed into the 

lunar surface. Today, companies such as SpaceX and Blue Origin are 

developing reusable rocket systems to reduce the cost of spaceflight.

»Game-changing rocket tech

Japan Aerospace Exploration Agency (JAXA) have 

signed an agreement to work together on a mission 

concept of a human-assisted lunar lander. This proj-

ect, which goes by the name Heracles, also includes 

the Canadian Space Agency as a mission partner and 

involves NASA in sample return. Space exploration 

experts also expect to see the Chinese space agency 

work toward landing humans on the Moon’s surface. 
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Two generations have passed since we witnessed 

humans set foot on a whole other world. And for 

those who watched the Apollo landings—glued to 

their TVs, relieved, elated, astonished by what they 

were witnessing—it was a profound experience to 

witness what is possible when humans dedicate 

It’s not just national governments that are working toward crewed Moon missions; several private companies are as well. 
SpaceX recently revealed the design concept illustration for its Starship.

Decades of exploration have shown that the Moon holds sev-

eral important resources that future missions could mine. 

Permanently shadowed craters hold water ice, which could be 

extracted and turned into drinkable water or broken into its con-

stituents for breathable oxygen and even rocket fuel. Scientists 

know, too, of several heavy elements that are used in the produc-

tion of electronics on Earth that exist in lunar rocks as well. 

Researchers have also found hints of a type of helium gas that 

they believe could be used as a clean nuclear power source.

»Mining the Moon

themselves to a goal. The world watched, and it was 

inspired. Today’s talented and tireless cadre of plane-

tary scientists long to experience such a moment. They 

long to inspire the next generation of space research-

ers and explorers who, on the shoulders of giants 

before them, will shoot for the Moon. 



As the crescent Moon glows 
above the horizon at sunset,  

it reminds us of our unique 
vantage point in the universe.
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Opposite: Apollo 17 mission 
commander Eugene A. Cernan 
was the last human on the 
Moon. Who will be the next? 





NatGeoBooks               @NatGeoBooks

© 2019  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
and at NationalGeographic.com/books

N AV I G AT E  T H E  U N I V E R S E

SP
EC

IA
L P

U
B

LIC
A

TIO
N

    
T

H
E

 M
O

O
N

O U R  L U N A R  C O M PA N I O N

MOON
THE

Celebrating the  
50TH ANNIVERSARY  

of Apollo 11

While the Moon has 
enchanted humans for  
millennia, 50 years ago,  
that relationship changed.

DISPLAY UNTIL 10/4/19   

TISP SPECIALS / TIME INC. SPECIALS


	1The Moon_CVR_FC
	2The Moon_CVR_Inside_LEFT
	3Moon_001-029_REL2_Ch1
	4Moon_030-075_REL1_Ch2
	5Moon_076-112_REL2_Ch3
	6The Moon_CVR_Inside_RIGHT
	7The Moon_CVR_BC

