
TM 

A MONTHLY NEWSLETTER ON FREE ENTERPRISE IN SPACE 

Volume 9, No. 2 February, 1 985 

Apollo Asteroids: Promise and Peril 
(Part c:ne of '!Wo Part~ 

Thousands of asteroids orbit throughout the solar system. A majority of these 
are located in a belt between the orbits of Mars and Jupiter, but a considerable 
number occupy other orbits. Some of these orbits regularly cross the orbit of the 
Earth, and the asteroids occupying them are generally known as Apollo objects. 
There may be over 100,000 such objects with a diameter greater than 100 meters. Of 
these, over 1000 may have diameters greater than 1 km. (only about 50 or so have 
been officially cataloged to date, and these are, of course, the more easily observ­
ed larger specimens). 

These minor planets will become a major focus of attention in the 
Their relative nearness to Earth provides both unprecedented opportunities, 
unprecedented threat. 

The Opportunities: A Vast Source of Wealth 

future. 
and an 

The asteroids have long been considered a potential source of materials for use 
both in space and on Ear~ ~ny studies have been done on mining asteroid~ and 
numerous methods have been examined for accomplishing this using b?th near- term and 
long-term technologies. A brief overview (without going into technical details): 

Refining methods are varied, depending on the material being refined and other 
factors, but usually involve using solar energy focused by large, lightweight re­
flectors. Transportation can be accomplished in varied ways, as well. The Apollo 
asteroids can be reached, even with manned vehicles, by ordinary chemical rockets. 
At present, though, it appears that more advanced propulsion methods will be re­
quired to properly exploit their resources. These methods include mass drivers, 
solar sails, and steady-state and pulsed nuclear systems. Most m1n1ng concepts 
involve refining the materials on site arid shipping the finished product to the 
location where it will be used. However, advanced propulsion systems open the 
option of moving the asteroid itself to an orbit around the Earth (possibly in one 
of the Lagrangian points) in order to more easily work on it. This would probably 
only be cost- effective if the asteroid was unusually rich in resources (such as some 
nickel-iron type asteroids, discussed later in this article). 

More extraterrestrial mining proposals have dealt with materials from the Moon, 
rather--than the asteroids.----The reasons for this have~do with the--considerably 
shorter transit times between the Earth and Moon, and a more complete knowledge (due 
to sample returns) of the makeup of the lunar surface. 

In the lcng run, though, asteroid mining may be easier and more profitable than 
lunar--minin~ T.ranportation costs are an important factor-.-- A certain amount--of 
delta-V is required to leave low earth orbit, rendezvous with an asteroid (or land 
on the Moon), and return. Many of the Apollo asteroids have delta-V requirements 



that are actually less than those for a lunar landing, due to the delta-V needed to 
fight the lunar gravity. As far as transit times and distance are concerned, once a 
steady-state shipping "pipeline" is established from an asteroid mining site, this 
will cease to be a serious problem. 

In addition, the energy requirements of the actual mining process may make 
asteroid mining more attractive than lunar mining. An asteroid is likely to contain 
a higher abundance of valuable metals than the lunar soil, and more of these metals 
are in a free state rather than tied up in oxides like they are on the Moon. It is 
estimated that up to ten times the energy may be required to refine a final product 
from metal oxides than from free metals. In addition, this energy is more acces­
sable at an asteroid. As mentioned, solar energy is considered a prime source of 
energy for space mining processes. An asteroid has constant solar energy available 
whereas a refinery on the lunar surface would normally be in darkness two weeks out 
of every four. 

To be fair, the final trade-offs between lunar and asteroid mining cannot be 
made without further information. Future technology breakthroughs in propulsion, 
mining techniques, or energy production could alter the equation. In addition, more 
information is needed on the composition of the Moon and asteroids . Samples from 
the Moon are still too limited to draw final conclusions, but at least there are 
samples. As yet, no samples at all have been obtained from an actual asteroid. 

However, the composition and other physical characteristics of asteroids can be 
deduced by a number of methods other than sampling. These include spectral analy­
sis, albedo measurements, and mass calculations from orbital analysis. The most 
useful information has been acquired by the detailed examination of meteorites, many 
of which are assumed to have compositions similar to those of asteroids, or even be 
pieces of shattered asteroids themselves. 

The classification of meteorites (and by inference asteroids) by composition ls 
complex, but we can break them down into three basic types: ordinary chondrites, 
carbonaceous chondrites, and metallic or nickel-iron. · The composition of these 
three classes is detailed in Table! (opposite page). 

studies indicate that the popul ation of Apollo asteroids is probably composed 
primarily of ordinary chondrites, along with some carbonaceous chondri tes and a few 
nickel-irons. This census involves a certain amount of uncertainty, since- the 
number of surveyed asteroids is still somewhat small, and there are factors that can 
make the count misleading . As only one example, carbonaceous chondrites generally 
reflect less light, and so are less likely to be observed and may be more numerous 
than present observati ons indicate. 

Carbonaceous chondrites have little free metal, but are rich in volatiles such 
as water. This may make such asteroids extremely valuable-yn- the inner solar 
system, where water seems to be rare other than on planetary surface s. Some scien­
tists predict that the Apollo carbonaceous chondrites may not contain much water. 
The Apollo-type orbits bring these asteroids relatively close to the sun, which 
could boil away the useful volatiles. After all, this is what happens to comets, 
which are e ssentially asteroid-like bodies encased in frozen gases. A comet which 
passes the sun too many times is boiled down to i ts rocky core , and becomes an 
asteroid, or, if the core is composed of many chunks of rock and gravel, a meteor 
cloud. The answer awaits on-site inspection. 

The nickel-iron asteroids contain large quantities of pure metals in a free 
state-.--It is speculated that thei r composition is similar~o what one would find if 
you could mine the core of the Earth. Table I shows nickel - irons to contain, of 
course, primarily elemental iron and nickel. -There are also large amounts of so­
called "strategic" metals, such as cobalt, t he platinum- gr oup me tals, and ot her s . 
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In fact, nickel-iron asteroids contain a higher percentage of platinum-group metals 
than any material found in nature on Earth. 

The ordinary chondrites are mostly minerals, with some metals and volatiles 
included. They probably represent the average Apollo asteroid not only in numbers, 
but in structure as well. 

The Apollo asteroids ~~potential treasure trove of~ materials. Specula­
tion on the value of some typical asteroids is quite enlightening. Take for example 
three asteroids, one of each type, about half a mile in diameter apiece (a very 
average size for an asteroid) . 

At a specific gravity of about 2, our carbonaceous chondrite would weigh in at 
about 601 million short (2000 lb.) tons. The ordinary chondrite, with a specific 
gravity of about 2.3, would be a little heavier at 692 million tons. The nickel­
iron, with a specific gravity of about 8, tips the scales at an impressive 2.4 
billion tons. Now, we apply some math to see what we can get out of these rocks 
(assuming their compositions to be similar to those listed in Table I) . 

TABLE I 

REPRESENTATIVE COMPOSITIONS OF DIFFERENT TYPES OF METEORITE MATERIALS 
(in weight per;;nt unless otherwise noted) 

ORDINARY 
MATERIAL CHONDRITES 

Fe (Iron) 6.27 

Ni (Nickel) 1 . 34 

Co (Cobalt) 0.046 

FeS 5.89 

Sio
2 

(Quartz) 39.93 

Ti0
2 

0.14 

Al203 1 . 86 

MnO 0.33 

FeO 15 . 44 

MgO 24.71 

H
2

o 0.27 

c (Carbon) 0.03 

TRACE 

Mo (Molybdenum) 1 • 6 ppm 
Au (Gold) 0 . 1 8 ppm 
Ag (Silver) 0.102 ppm 
Pt (Platinum) 1 . 0 ppm 

CARBONACEOUS 
CHONDRITES 

0.00 

0.00 

0.00 

3.66 

27.81 

0 . 08 

2.1 5 

0.21 

27 . 34 

1 9 . 46 

12.86 

2.48 

ELEMENTS 

0.17 ppm 
0.250 ppm 

IRONS 

90.78 

8.59 

0.63 

Variable 

Variable 

13.0 ppm 
1.15 ppm 
0.020 ppm 

20.0 ppm 

(Reprinted from January, 1978 Commercial Space Report (then The Foundation Reportl 
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As mentioned before, the primary value of our sample carbonaceous chondrite is 
that it contains water--abo~77.3 million tons of it. To put this in perspectiv€; 
~liquid form this would fill a cube about a quarter mile on each side. Cracked 
into its oxygen and hydrogen components, it would yield enough propellant to fuel 
over 76,500 Space Shuttle External Tanks, certainly enough to be useful in fueling a 
large number of deep space vehicles . 

It is interesting to note that if these deep space vehicles burn oxygen and 
hydrogen at the same 6:1 mix ratio used by the Shuttle (instead of the 8:1 ratio at 
which oxygen and hydrogen burn completely to water) one would have over 16 million 
tons of oxygen left over. If the hydrogen were used by itself as a propellant in 
nuclear rockets, the oxygen glut would become even worse. As a matter of fact, with 
oxygen apparently easily available on the Moon and Mars as well, it may become a 
problem figuring out what to do with it all . Contrary to traditional science 
fiction, hydrogen will be much more valuable than oxygen (at least until the outer 
planets and their moons can be exploited). Hydrogen is not only useful as a fuel, 
but would be essential in utilizing the asteroids' available carbon (about 17 mil­
lion tons worth in our sample carbonaceous chondrite) to build complex molecules in 
space chemical industries. 

Our sample ordinary chondrite also contains a useful quantity of water, almost 
2 miilion tons. However, the ordinary chondrites and the nickel-irons are most 
lucrative as a source of metals. Again applying the figures from Table I, and 
adding some figures on terrestrial resources, we can create Table II (opposite 
page). 

As we can see from the table, it's Jackpot Time. In the ~ of the nickel­
iron asteroid, the amount of nickel and cobalt contained amount to respectively four 
and five times the known reserves of the planet Earth . At present, as also shown in 
Ta:ble--ii, the--uhited States r~lies for many strategic metals_ almost entirely on 
imports from none-too-stable areas of the world. For example, the U. S. annual 
cons~~ption of cobalt is about 7,500 tons. The need to import it has had a heavy 
impact on politics in the past. Yet even the resources of an ordinary chondrite 
(318,000 tons of cobalt) would obliterate these import requirements, and alleviate 
any political problems associated with them. It is likely that this improvement in 
our national security, resulting from an economic windfall rather than military 
might , would be more than worth the initial costs and problems involved in extrater­
restrial mining operations. 

Calculation of the dollar value of one (1) asteroid delivered F. O. E. ("Free en 
Earth"--with t hanks to Cordwainer Emith) will be left as an exercise for the reader. 
A calculator capable of expressing itself in scientific notation is recommended. 
However, keep in mind that the increased supply is bound to have a negative effect 
on the price. It is said that if all the pure platinum ever mined and refined 
throughout history were melted into a cube, that cube would be about 14 feet on a 
side (approximately 1,800 tons) . If true, one can see that introducing 48,000 tons 
of the metal (which would form a cube, incidentally, about 41 feet on a side) is not 
going to have a salutary effect on prices in the platinum market (at least from the 
sellers' viewpoint). 

The price situation with gold is not quite as serious. All of the gold ever 
mined on Earth would theoretically form a similar cube about 56 feet on a side 
(about 110,000 tons). c:ne can see that the amount of gold contained in our nickel­
iron asteroid (2 , 766 tons) would form a cube only 17 feet on a side--only about 
three percent of all the refined gold in existence in the world (hardly seems worth 
the trouble, does it?) 

PART TWO IN THE MARCH ISSUE 
The Threa~ ~obal Disaster 
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World 
2 

Reserves : 

Some Major 
Sources: 

Ordinary 
Chondrite 

· Asteroid: 

TABLE II: 

COMPARISION OF ASTEROID AND TERRESTRIAL RESOURCES 
(all numbers in-short tons-r2ooo lbs . or 907.18 kg . ]) 

IRON 

7.28 X 1 01 0 

7 
4.34 X 10 

NICKEL 

5.40 X 10
7 

26%: New 
Caledonia 

6 
9.27 X 10 

COBALT 

3.00 X 1 o
6 

70%: Zaire, 
Zambia, 
Cuba 

5 
3.18 X 10 

PLATINUM GOLD 

33,100 37,500 

79%: So. 53%: So. 
Africa, Africa, 
19%: USSR 18%: USSR 

692 1 24 

% of World 
Reserves: 0 . 06% 17.17% 1 0. 60 % 2.09 % 0.33 % 

Nickel­
Iron 
Asteroid: 

9 
2.18 X 10 

8 
2.07 X 10 

7 
1 • 52 X 1 0 48,100 2,770 

% of World 
Reserves: 2 . 99% 383.33 % 506.67 % 145.32 % 7.39% 

NOTES : 1 ) "World Reserves" figures for platinum include all platinum­
group metals (platinum, palladium, rhodium, ruthenium, 
iridium and osmium). Figures for asteroids are for platin­
um alone. Asteroid figures for all platinum-group metals 
would be even larger. 

2) "World Reserves" figures are from the 1985 World Almanac 
and Book of Facts, and are defined as "that portion of a 
resource that can be economically extracted or produced at 
the time of determination" . Obviously, a massive introduc­
tion of asteroid resources could alter this figure . For 
example, if prices for a resource are reduced by an in­
crease in supply, the quantity of reserves that can be 
"economically extracted" would be reduced as well . 

* * * 
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SILVER 

286,600 

71 

0.02 % 

48 

0.02 % 



NEWS ITEMS: 

Astrotech Subsidiary's Fifth Orbiter Proposal Shot Down by NASA 

Space Shuttle of America Corp. (Shuttle America) will not be purchasing a fifth 
Space Shuttle orbiter. Rather, the company (a subsidiary of Astrotech Internation­
al) is pursuing an alternate plan of leasing one of the four orbiters in the exist­
ing Shuttle fleet. 

NASA Administrator James Beggs turned down Shuttle America's proposal, appar­
ently on the grounds that there is no demand for a fifth orbiter (see article 
below). Shuttle America offered to buy one of NASA's existing four orbiters, but 
this proposal was turned down as well, apparently because the money would end up in 
the U.S. Treasury instead of in NASA's coffers. 

Shuttle America still intends to proceed with plans for ~public stock offering 
(see last month's C.S.R.) as soon-as the company can sign a Memorandum of Under­
standing with NASA on the new leasing proposal. 

NASA Budget Creates Space station Delay 

NASA has declared that the Space Station's launch will be delayed from 1992 
until 1993 or 1994, due to a Congressional squeeze on Space Station funding in the 
FY 1986 budge~ NASA received $230 million, $50 million less than the agency had 
requested. NASA claims the Station will still cost "only" $8 billion (if you 
believe this, or that there will be no further delays, I've got a deal on a bridge 
for you). In any case, anyone looking for a giant, thousand-foot-diameter Space 
Wheel by the year 2001 had better not hold his breath waiting for the government 
space program to do it. Other features of the 1986 budget: 

The fifth Shuttle orbiter is still in limbo and fading ·fast, although NASA is 
still funding structural spares. Beggs lays some of the blame for lower Shuttle 
demand on the Department of Defense, which is planning on using expendable launchers 
for some of its flights. 

$30 million is included for the "commercial use of space." These 
earmarked for a number of activities which would promote commercial uses 
or at least of the Space Shuttle. 

funds are 
of space, 

The only new start in the '86 budget is for beginning development work on a 
reusable orbital maneuvering vehicle (OMV) to be used with the Shuttle. The OMV 
would be used to haul large payloads (up to 30,000 lbs.) around in low earth orbits. 

Until next time, 
--~-dr-
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