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ARTH HAD NO warning. When a mountain-
sized asteroid struck at tens of kilometers (miles)
per second, supersonic shock waves radiated 
outward through the planet, shock-heating rocks 

by Trudy E. Bell (Copyright 2013 Trudy E. Bell)

above 2000°C and triggering earthquakes and volcanoes 
around the globe. 

Ocean water suctioned from the shoreline and geysered 
kilometers up into the air; relentless tsunamis surged 
inland. At ground zero, nearly half the asteroid’s kinetic 
energy instantly turned to heat, vaporizing the projectile 
and forming a mammoth impact crater within minutes. It 
also vaporized vast volumes of Earth’s sedimentary rocks, 

releasing huge amounts of carbon dioxide and sulfur di-
oxide into the atmosphere, along with heavy dust from 

both celestial and terrestrial rock. High-altitude 

e
Target Earth! Detecting and 
Avoiding Killer Asteroids

Orbits of the 1,340 known potentially hazardous asteroids 
(PHAs), whose sizes range from 140 meters (460 feet) in 
diameter (faintest orbits) to 5.4 km (3.2 miles) across (bright-
est orbits). Several orbits cross the Earth’s orbit to within one 
Earth radius (6,400 km or 4,000 miles), but a collision is pos-
sible only if Earth and asteroid arrive at a crossing point at the 
same time. [Credit: Paul Chodas/NASA JPL and Dave Dooling]

At least 300,000 asteroids larger than 
30 meters revolve around the sun in 

orbits that cross Earth’s. Most are 
not yet discovered. One may have 
Earth’s name written on it. What 
are engineers doing to guard our 
planet from destruction?

winds swiftly spread dust and gases 
worldwide, blackening skies from 
equator to poles. 

For months, profound darkness 
blanketed the planet and global 
temperatures dropped, followed by 
intense warming and torrents of acid 
rain. From single-celled ocean plank-

ton to the land’s grandest trees, pho-
tosynthesizing plants died. Herbivores 

starved to death, as did the carnivores 
that fed upon them. Within about three 

years—the time it took for the mingled rock 
dust from asteroid and Earth to fall out of 

the atmosphere onto the ground—70 percent 
of species and entire genera on Earth perished 

forever in a worldwide mass extinction. Mostly 
small mammals, insects, and birds survived.1  Thus 65 

million years ago endeth the Cretaceous era—the age of 
reptiles, including the dinosaurs. And thus abruptly began 
the Paleogene era—the age of mammals. 

This event is now called the Cretaceous-Paleogene 
extinction, abbreviated K-Pg (formerly called the Creta-
ceous-Tertiary or K-T extinction, in the past decade the 
International Commission on Stratigraphy has eliminated 
use of the term Tertiary2). Direct evidence abounds for 
an asteroid impact. One key smoking gun—announced by 
physicist Luis W. Alvarez, his geologist son Walter Alvarez, 
and colleagues in Science magazine in 1980—was a layer of 
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Mercury are heavily cratered, as are the surfaces of Venus 
and the moons of the gas giant outer planets. Even small 
asteroids show evidence of collisions with other objects. 
Despite erosion and other processes, Earth itself sports 
at least 182 confirmed impact craters up to 160 to 300 km 
across and billions of years old.5  One of its freshest impact 
craters is the Barringer Meteorite Crater near Winslow, 
AZ, estimated to be only 50,000 years old. 

Bombardment continues today. In 1994, Comet Shoe-
maker-Levy 9 broke into at least 21 chunks of ice and rock 
about 1 km across, all plunging one after another into Ju-
piter like successive cars of a freight train over one week.6 

Less than four years ago, another single object of 0.5–1 
km also struck Jupiter in July 2009, making astronomers 
wonder if the frequency of asteroid impacts may be greater 
than previously calculated.7

‘Armageddon’
Despite the vastness of interplanetary space and the tiny cross 
section objects present as targets, hitting one is not simply a 
matter of chance. Objects have mass; mass has gravity; gravity 
attracts other mass over long distances. Thus, planets attract 
projectiles. Every day, 50 to 150 tons of dust, sand, gravel, 
and basketball-sized boulders plow into Earth’s atmosphere, 
incinerating overhead; at night we see these meteors as lovely 
falling or shooting stars. Several times per year, a spectacular 
bolide or fireball meteor momentarily lights up a nighttime 
landscape as a 1 to 10-meter (3 to30 feet) asteroid breaks apart 
in the upper atmosphere. Then there are near misses of even 
bigger stuff. Since the 1970s, at least five asteroids larger than 
30 meters (100 feet) have approached Earth closer than our 
communications satellites in geostationary orbit 35,786 km 
(22,236 miles) above the equator. We’re due another justafter 
lunchtime on February 15, 2013, when around 2:25 pm Eastern 
time, 45-meter (150-foot) diameter 2012 DA 14 will zip past 
Earth only about 21,000 km (13,000 miles) away.8

Luckily 2012 DA 14 won’t come closer. One in the same 
size range did target Earth in 1908, disintegrating at an al-
titude of 5 to 10 km (3 to 6 miles) to over the Podkamennaya 
Tunguska River in central Siberia around breakfast time on 
June 30. The air blast, equivalent to a bomb of 4 megatons 
of TNT, flattened trees across 2,000 square kilometers 
(nearly 800 square miles). Its atmospheric pressure waves 
were recorded as far away as Great Britain, and the shock 
wave was recorded on seismometers as being equivalent 
to an earthquake of magnitude 5.0 on the Richter scale. 

Earth truly dodged a bullet in 1908. Asteroids that 

fine clay 2 to 5 centimeters thick found worldwide between 
rock strata dating from the Cretaceous and Paleogene eras. 
From Norway to Italy, from Asia to America, that thin 
clay layer at the K-Pg boundary contains 20 to 160 times 
more iridium than any rocks on Earth.3 Iridium is rare in 
Earth’s crust. Because the element is very dense, most of 
it sank to the planet’s core several billion years ago when 
Earth was still molten. But iridium is common in asteroids, 
those rocky bodies in interplanetary space now recognized 
as leftover debris that never assembled into bodies large 
enough to be subjected to the same level of heating as full-
fledged planets (see “Space Rocks 101”). 

Moreover, in 1991, Alan R. Hildebrand and Glen Penfield 
found telltale shocked quartz and glass beads indicative of 
shock metamorphism (heating due to violent impact) plus 

iridium-rich clays in rocks on and off the Yucatán peninsula, 
in a circular structure of the right size (150 to 180 kilometers 
across) and age (65 million years).4  The Chicxulub crater is 
widely accepted today as the scar left by the asteroid that 
exterminated the dinosaurs.
 
‘When Worlds Collide’
Around the solar system, frequent, heavy bombardment by 
fast, massive objects is evident. Our Moon is pockmarked 
by impact craters. Spacecraft revealed that Mars and 

Space Rocks 101
Near-Earth objects (NEOs) are comets and asteroids that 
come within 1.3 astronomical units of the sun, (1 A.U. is the 
mean distance of Earth from the sun, about 150 million km), 
and thus within 0.3 A.U. of Earth’s orbit. Potentially hazardous 
asteroids (PHAs) are bodies larger than 140 meters that come 
within 0.05 A.U. of the Earth’s orbit, or 19.5 times farther 
than the moon’s orbit. 

Comets follow highly elliptical orbits, and have ice mingled 
among their rocky nuclei, giving rise to their beautiful tails 

when the volatiles vaporize close to the sun; comets are 
ancient remnants left from the formation of the outer solar 
system. Asteroids are compositionally similar but with little 
ice; they are debris left over from the formation of the 
inner solar system. Meteoroids are small asteroids (under 
1 meter/3 feet). Meteors are the falling stars we see when 
meteoroids enter the atmosphere. Meteorites are stony or 
nickel-iron chunks that survive their fiery plunge and reach 
the ground.23 

Close-up view of asteroid 243 Ida by the Galileo spacecraft in 
August 1993 shows that asteroids themselves are pockmarked 
with numerous impact craters. Ida is 52 kilometers long, about 
five times larger than the asteroid that killed the dinosaurs. 
[Credit: NASA JPL] .
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massive carry the kinetic energy of a hydrogen bomb. Had 
the Tunguska object entered the atmosphere a few hours 
later, it might have leveled St. Petersburg, Russia.9The 
area devastated in Siberia was larger than today’s New 
York City or Washington, D.C.10

“While Earth impacts by large near-Earth objects are 
very low probability events, they are of very high conse-
quence,” states Donald K. Yeomans, Manager of NASA’s 
Near-Earth Object Program Office at JPL, in the preface 
to his new book Near-Earth Objects: Finding Them Before 
They Find Us (Princeton University Press, 2012). “The 
point is that near-Earth object impacts...have the capacity 
to wipe out an entire civilization in a single blow.”

‘The Hammer of God’ 
From an engineering viewpoint, the problem fundamentally 
breaks down to: 1) detect as many near-Earth objects as 
possible to as faint as possible, 2) calculate the orbits of 
them all to see which ones are on potentially hazardous 
trajectories (only about 3 percent might be), and 3) plan 
effective mitigation strategies if Earth is in the crosshairs. 

Since 1973, about a dozen programs by NASA and other 
institutions in the U.S. and other nations11 have been dis-
covering and monitoring near-Earth objects (NEOs). Two 
NASA programs were mandated by Congress. The first, 
the Spaceguard Survey (named after Project Spaceguard 

in Arthur C. Clarke’s 1973 science fiction novel Rendez-
vous with Rama to identify asteroids in orbits threatening 
Earth), directed NASA to detect 90 percent of all objects 
larger than 1 km (0.6 mile) by 2008; the survey had inter-
national partners, and the goal was essentially reached by 
2011 with the discovery and monitoring of about 910 NEOs 
of an estimated 990. The second mandate is the George E. 
Brown Jr., Near-Earth Object Survey section of the NASA 
Authorization Act of 2005; recognizing that an asteroid did 
not have to be extinction-sized to wreak global destruction, 
it directed NASA to extend that range down to 90 percent 
of all potentially hazardous NEOs larger than 140 meters 
(460 feet) by 2020.12

In the U.S., the two biggest ground-based programs are 
headquartered under the clear dark skies of the southwest, 

Barringer Meteorite Crater near Winslow, Arizona, seen 
here from orbit, is one of the freshest meteorite craters on 
Earth. Measuring 1.2 km across and 170 meters deep, it was 
excavated by a nickel-iron asteroid 40–50 meters across about 
50,000 years ago. [Credit: NASA]

The moon has been heavily bombarded with asteroids, as 
shown by this topographic map synthesized from data ob-
tained by the Lunar Orbiter Laser Altimeter (LOLA) aboard 
NASA’s Lunar Reconnaisance Orbiter. [Credit: NASA]

Infrared image of Jupiter taken July 21, 1994, with the Univer-
sity of Hawaii’s 2.2-meter telescope, shows the impact sites 
of the various fragments of Comet Shoemaker-Levy 9 glowing 
brightly in the infrared like beads in a necklace ringing the gas 
giant’s southern hemisphere. [Credit: University of Hawaii]
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primarily to fulfill the first goal. One is the Catalina Sky 
Survey (CSS), funded by NASA, currently operating two 
wide-field telescopes in Arizona. The CSS’s most dramatic 
find was a Volkswagen-sized asteroid 2008 TC3, identified 
as heading straight toward Earth only 19 hours before it 
entered the atmosphere, and which exploded as predicted 
over the Sudan on October 7, 2008.13

A second program is the Lincoln Near-Earth Asteroid 
Research (LINEAR) program of MIT Lincoln Laborato-
ries, funded by both NASA and the U.S. Air Force; it cur-
rently consists of a 1-meter (40-inch) Air Force GEODSS 

(Ground-based 
Electro-Optical 
Deep Space Sur-
veillance) tele-
scope at White 
Sands Missi le 
Range near So-
corro, New Mex-
ico. LINEAR has 
discovered more 
than 230,000 as-
teroids and com-
ets ,  inc luding 
more than 2,400 
NEOs.14

S p a c e -
craft have also 
s e a r c h e d  f o r 
NEOs, the most 
r e c e n t  b e i n g 

NASA’s Wide-field Infrared Survey Explorer (WISE), 
launched December 2009 to map the entire sky in infrared 
for all astronomical objects. WISE was a 0.4-meter (16-inch) 
telescope looking at right angles from the sun. In 13 months 
of operation, it observed 157,000 rocky objects throughout 
the solar system, and discovered 135 previously unknown 
NEOs,15 including 21 potentially hazardous asteroids larger 
than 100 meters (330 feet). 

The Minor Planet Center in Cambridge, MA, is the 
number-crunching clearinghouse sanctioned by the Inter-
national Astronomical Union and funded by NASA, which 
(among other tasks) officially names asteroids and comets, 
collects observational data from observers around the 
world, and computes preliminary orbits for follow-up obser-
vation.16 Detailed trajectories—orbits where the positions 
of potentially hazardous asteroids can be projected decades 
into the future—are calculated at NASA Jet Propulsion 
Laboratory and the University of Pisa. 

‘Deep Impact’
Detecting and tracking 90 percent of PHAs down to 140 
meters is a significant challenge. Asteroids are dark, and 
such small objects so far away are truly faint. Detecting 
them means gathering enough light to see visual magni-
tude 24—meaning a large telescope in an exceptionally 
dark location. 

Operational since May 2010 is the U.S. Air Force-funded 
PS1 telescope in Hawaii, a prototype for an ambitious sur-

vey called Pan-STARRS (Panoramic Survey Telescope and 
Rapid Response System), to consist of several similar tele-
scopes each 1.8 meters (6 feet) across. PS1, atop Haleakala 
on Maui, has a field of view of 7 square degrees (the moon 
is half a degree across); its 1400-megapixel camera—that’s 
1.4 gigapixels, folks—captures an image every 30 seconds. 
PS1 set a record on January 29, 2011, by discovering 19 
NEOs between dusk and dawn, the most bagged by any 
telescope in a single night.17

Under construction is the Large Synoptic Survey 
Telescope (LSST), whose primary mirror 8.4 meters (26 
feet) across is now in final polishing. When mounted atop 
El Pachon in Chile at 2,647 meters (8,684 feet) in 2018, 
the telescope’s wide field of view—nearly 10 square de-
grees—will be able to survey the entire sky every three 
nights. Its 3.2-gigapixel camera will be so sensitive that 
a single 15-second exposure will be able to capture digital 
images of objects to magnitude 24; stacked images can 
reach magnitude 27. Within 60 seconds of acquiring a digi-
tal image, real-time data processing will identify moving 
objects (including NEOs). Within 17 years of the LSST’s 
completion, it should detect 90 percent of all PHAs bigger 
than 140 meters.18 

Space telescopes are also planned. Around 2017-18, the 
privately funded B612 Foundation hopes to launch the first 
non-government satellite to map NEOs and PHAs down to 
140 meters. In October 2012, B612 announced a contract 
with Ball Aerospace to build the Sentinel sun-orbiting 
satellite with an infrared telescope.

‘Impact!’
Say that we find a PHA of 140 meters—about three times 
bigger than the object that flattened the Tunguska forest 
in 1908—on a trajectory for Earth. What could be done?

Most current literature agrees that destroying an aster-
oid itself—blowing it to smithereens—is only the stuff of 
movie special effects. In real life, whether an asteroid could 
be “disrupted” (preferred low-key scientific lingo) depends 
not only on its size and mass, but also its composition. A 
solid nickel-iron asteroid of any size would be difficult to 
disrupt even with nuclear warheads. A stony asteroid that 
is a loose pile of rubble (as many are) with internal fractures 
is more promising; but one too porous—some asteroids are 
as porous as sand—could damp the explosive force. Even 
if an asteroid were disrupted, the rain of resulting smaller 
but still massive chunks might still be catastrophic. No cur-
rent technology could pulverize an asteroid to guarantee all 
chunks would be smaller than, say, 10 meters.

Thus, the focus is on deflection—changing its arrival 
time just enough so it shows up slightly earlier or later than 
Earth would at the predicted intersection point, thereby 
preventing impact. A brief abrupt acceleration or an ongo-
ing nudge of just millimeters per second could do the job if 
the threat were discovered more than a decade before T=0, 
giving enough lead time both to deploy means and to allow 
such means sufficient time to act.

Proposals have included some science fiction favorites: 
landing on an asteroid and building a mass driver to accel-
erate debris from its surface in a preferred direction so as 

2,000 square kilometers (nearly 800 
square miles) of trees in Siberia were 
flattened in 1908 by an air blast from an 
asteroid 30-40 meters across disintegrat-
ing at 5 to 10 kilometers altitude. The 
kinetic energy of an asteroid that size is 
equivalent to that of a hydrogen bomb. 
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Around 2:25 PM Eastern time on February 15, 2013, as-
teroid 2012 DA 14—about the same size as the Tunguska 

object—will whiz past Earth inside the orbit of geostation-
ary communications satellites. [Credit: Paul Chodas/NASA 

JPL and Dave Dooling]
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In Death Valley 
National Park, she 
bucks high winds 
while standing on 
the rim of volcanic 
Ubehebe Crater 
in 2008. Although 
Ubehebe is not an impact crater, it is about the size of 
one—1 km (half a mile) across and over 150 meters (500 
feet) deep—that might be created by a Tunguska-sized 
asteroid hitting the ground. [Credit: David Pope] 
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to impart an equal and opposite acceleration, or setting 
up solar concentrators near an asteroid to heat the sur-
face and evaporate material off in a jet in a preferred 
direction, or even painting the asteroid a light color 
to change its reflectivity to alter its response to the 
sun’s radiation pressure.19 While such options “are 
interesting and fun to think about,” Yeomans cau-
tions, “we need to focus our attention on the ones 
that are both simple and technologically viable.”

One basic possibility is to slam the asteroid in 
a head-on or overtaking collision with a massive 
spacecraft of several tons speeding at 5 to 10 
kilometers (3 to 6 miles) per second. Another 
possibility would be a stand-off nuclear blast 
to strongly heat a surface layer so that ma-
terial accelerates away from the asteroid 
faster than escape velocity, causing the 
asteroid to recoil in the opposite direction. 
Fusion reactions produce penetrating 
neutrons that could heat deeper layers 
of the surface, heating a greater volume 
and producing a greater impulse.20 

The trick with any deflection, how-
ever, is not to nudge the asteroid in a 
direction or by an amount that would 
put it on track to boomerang around 
the sun to strike the Earth a few 
orbits later. That could happen if the 
deflected asteroid missed Earth but 
whizzed by at just the right distance 
that Earth’s gravity deflected it into 
a new orbit around the sun with a 
period in resonance with Earth’s orbit. 
Paul Chodas, a planetary astronomer 
at the NASA/JPL Near-Earth Object 
Program calls that passing through a 
“keyhole.” Keyholes are small—some 
only a few kilometers (miles) across. Thus, 

the asteroid needs not only to miss Earth, 
but also to miss any keyholes.21 In short, af-

ter brute force pushes it off targeting Earth 
the first time round, there needs to be some 

way of fine-tuning an asteroid’s trajectory to 
miss the keyholes for successive passes. One 

proposed precision-trim technique is a “gravity 
tractor” whereby a massive (10-ton) spacecraft 

hovers close to one side of a 100-meter asteroid 
so gravitational attraction of the shepherding 

spacecraft slowly draws the asteroid toward it. 
 “The dinosaurs became extinct because they 

didn’t have a space program,” declared Larry 
Niven22, co-author with Jerry Pournelle of the 1977 

science fiction novel Lucifer’s Hammer about an 
Earth-threatening asteroid. We do!


