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COVER: The meteorites that fall from space 
sometimes contain surprises that can teach 
us about the births and deaths of stars. With
in grains from the Allende meteorite that fell 
in Mexico in 1969, scientists found tiny dia
monds that carry the isotopic signatures of 
materials formed before our solar system 
was born. 
Photograph courtesy of Roy Lawls and Edward Anders, 
University of Chicago 
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P lanetary exploration is an expression 
of the human will to understand the un

known. In earlier times, ambitious explorers 
sought out and investigated terras incogni
tas; today such unexplored regions lie be
yond Earth. We now send robotic surrogates 
(and a very few humans) to do our explor
ing, but the drive remains the same. In this 
issue of The Planetary Report we ruminate 
on the role of planetary exploration in the 
grand historical context, talk with a leader 
in this endeavor, and examine bits of mate
rial that may come from a time before our 
solar system existed. 

Page 3-Members' Dialogue--We 
know you're reading the magazine because 
we've received many letters responding to 
two opinion pieces we ran late last year. 
One asked whether Mars' moon Phobos 
should be exploited or set aside as a reserve. 
While Planetary Society members do agree 
that we should explore our solar system, 
what we should do once we get there re
mains an open question. Politics back on 
Earth also inspires debate; we print two let
ters debating whether The Planetary Society 
should take a position on "Star Wars." 

Page 4 -A Talk with Roald Zinnuro
vich Sagdeev-Probably the most influen
tial individual in world planetary explora
tion is Academician Sagdeev, whose energy, 
skill and belief in international cooperation 
has transformed the Soviet program. He re
cently stepped down as head of the Space 
Research Institute of the Soviet Academy 
of Sciences, and in this interview Sagdeev 
discusses the changes in his career, in the 
Soviet planetary program and in the Soviet 
Union itself. 

Page 9 -The Discovery of Stardust 
in Meteorites-One of the most startling 
recent fIndings in planetary science is that 
some tiny diamonds embedded in meteorites 
are remnants of a time before our solar sys
tem was born. Here we learn how these bits 
of stardust were identifIed and why scien
tists believe them to be older than the Sun. 

Page I4-Planetary Exploration-A 
Third Great Age of Discovery-Planetary 
exploration has only been possible since the 

o o 

development of rocket technology in this 
century. Yet it is still part of an exploratory 
process that has continued for centuries. 
Here an eminent scholar lays out planetary 
exploration's role in history. 

Page I8-Continuing SETI: Scientists 
Share Findings at Toronto Conference-
The Planetary Society's Project META 
(Megachannel Extraterrestrial Assay) is 
still the most powerful continuing search 
for extraterrestrial intelligence, but many 
other researchers are also working on this 
task. Last October the Society brought to
gether SETI workers from around the world 
at a Toronto conference, and we report on 
their discussions. 

Page 20-Mars Watch Chronicles
Mars Watch '88 turned out to be one of 
The Planetary Society's most enjoyable pro
grams. From Mars Watch parties to gather
ing data on martian winds, thousands partic
ipated in activities surrounding the close ap
proach of the Red Planet to Earth. We share 
with you some of the results. 

Page 22-Venus After Dark-Views 
of the Nightside-Many spacecraft from 
both the Soviet Union and the United States 
have returned data on our sister planet, but 
such studies can still be augmented by tele
scopic research from Earth. New camera 
technologies enable astronomers to see un
precedented detail of our nearest planetary 
neighbor 's atmosphere. We present some 
new telescopic images of Venus. 

Page 24-World Watch-The Comet 
Rendezvous Asteroid Flyby and Cassini 
missions are up for "new starts" in NASA's 
budget this year. In this column, we explore 
the tortuous courses these missions must 
navigate before they are launched. 

Page 28-Q & A-In this issue we ex
amine ice on Greenland and day and night 
on Mercury. Take a special look at "What 
We Are Not About," a short essay on how 
we choose what topics to cover in The 
Planetary Report. 

Our regular "News & Reviews" is absent 
this time, but your faithful columnist, Clark 
Chapman, will return in our next issue. 
-Charlene M. Anderson 



As leaders of a membership organization, The Planetary Society's Directors and staff care 
about and are influenced by our members' opinions, suggestions and ideas about the future 
of the space program and of The Planetary Society. We encourage members to write us and 
create a dialogue with us on topics relating to the planetary program, such as the space sta
tion, the lunar base and the exploration of Mars. 

Send your letters to: Members' Dialogue, The Planetary Society, 65 N. CataUna Avenue, 
Pasadena, CA 91106. 

I heartily agree with the opinions expressed by I. Almar, A. Horvath and E.Dles in their arti
cle "Phobos-A Surface Mine or an International Park?" (see the September/October issue 
of The Planetary Report). Far too often in our history the human race has behaved as if we 
had exclusive ownership of the resources of this planet. Development and exploitation of 
these resources have too often been seen as the only imperative. We have operated under the 
illusion that such exploitation could continue forever and that any concomitant environmen
tal damage could be absorbed by the ecosystem. Now we run the risk of repeating the same 
mistakes in our celestial journey. 

Despite the vastness of our solar system we must not be lulled into the belief that we can 
be even less circumspect in our use of the resources of space than we have been on Earth. 
Phobos (and virtually everything else in our solar system) is a place about which we know 
incredibly little. Before we proceed to exploit Phobos (and other bodies) we must consider 
the long-term impact of such short-sighted actions. It may be too late to correct some of the 
disastrous effects of our policies on Earth, but it is not too late to formulate even more pru
dent policies to guide our actions in space. 
GARY ZAJAC, N. Versailles, Pennsylvania 

I want to take issue with the article "Phobos-Surface Mine or an International Park?" I 
have no disagreement with the basic premise, that scientifically important sites in the solar 
system should be preserved. What I strongly disagree with is the stated premise that devel
opment of solar system resources and preservation are mutually exclusive, and more strong
ly, the unstated but implied premise that advocates of development are insensitive to envi
ronmental concerns. 

The authors stated that "in just a few years of exploitation, the whole surface of Phobos 
would be made unrecognizable .... " Dr. Brian O'Leary, one of the chief advocates of Phobos 
development, addressed the environmental question in his book Mars 1999. To quote Dr. 
O'Leary: "What we are talking about here is a small facility about the size of a small office, a 
solar furnace and an excavation and reclamation area about fifty meters square and four me
ters deep for two years of processing." Dr. O'Leary further advocates sealing this area in a 
low-pressure inflated dome to prevent escaping dust from contaminating the rest of Phobos. 

It would be a tragic mistake to set up a "Good Guy/Bad Guy" framework, with space de
velopment advocates portrayed as the Bad Guy-tragic because it would split the US pro
space movement into two sides working against each other. If the United States is to join the 

(continued on page 27) 
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NEWS 
BRIEFS 

On a mild, windless evening in 
November the largest radio 
telescope in the nation mysteri
ously collapsed into a heap of 
rubble. The 300-foot telescope 
of the National Radio Astro
nomy Observatory at Green 
Bank, West Virginia, played a 
key role in numerous scientific 
discoveries, and the work of 
hundreds of astronomers has 
been curtailed by its demise. 

"It's a major loss to the 
whole scientific community," 
said George A. Seielstad, 
director of the observatory. 

Some astronomers speculat
ed that the telescope caved in 
because it had been improperly 
maintained by an organization 
(the National Science Founda
tion) that is pinched for funds. 
One astronomer thought that 
the support structures may 
have been allowed to corrode. 
-from Lee Dye in the 
Los Angeles Times 

o 
This year nine US universities 
will receive NASA grants to
taling $4 million to establish 
permanent space engineering 
research centers. The grants 
are intended to "increase the 
number of qualified space 
engineers, which has been 
declining since the end of the 
Apollo program in the early 
1970s, and to give the univer
sities an independent opportu
nity to contribute (to) ... the 
new research and technology 
for the next generation of 
space activities." 
-from the Jet Propulsion 
Laboratory Universe 

o 
President-elect George Bush's 
transition team is studying a 
plan to reorganize US space 
program management under a 
structure like that already be
ing used by the nation's intelli
gence agencies. Under the plan, 

(continued on page 27) 
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A TALK vv IT H 

Roald Zinnurovich Sagdeev 

Academician Roald Zinnurovich Sagdeev, 
one of the foremost players in international 
space exploration, served for 15 years as 
director of the Space Research Institute 
(called IKI after its Russian acronym) of 
the Soviet Academy of Sciences. Under his 
leadership the Soviet planetary program 
came of age with increasingly ambitious 
and imaginative missions. The spectacular 
Vega mission to Venus and Ralley's Comet 
and the recently launched Phobos mission 
to Mars and its moon are both results of 
his initiative. The information returned by 
Vega and the discoveries hoped for from 
Phobos are both enriched by the partici

pation of scientists from around the world. Sagdeev opened the Soviet 
planetary program to an unprecedented extent, and the hallmark of his 
tenure as IKI's director is the international cooperation among planetary 
scientists that he has fostered. In October of last year, after publicly sug
gesting that Soviet science would be strengthened if institute directors 
were limited to five-year terms, Sagdeev resigned as director of IKI. 
In a remarkable precedent, Alec Galeev, a corresponding member of the 
Soviet Academy of Sciences, was elected by his peers at IKI to succeed 
Sagdeev. 

Sagdeev has been well recognized for his achievements. Following the 
Vega mission, the Supreme Soviet (the Soviet Union's central legislative 
body) bestowed on him the title "Hero of Socialist Labor"; he was award
ed the Order of Lenin and the gold Hammer and Sickle medal. During 
1987, he was also elected to the Supreme Soviet. The same year, American 
scientists honored Sagdeev and elected him an associate member of the 
US Academy of Sciences. 

Sagdeev's efforts to internationalize planetary exploration and his out
spokenness on space and defense issues have made him controversial in 
both Western and Soviet-bloc countries. In his capacity as scientific advi
sor to President Mikhail Gorbachev on the US Strategic Defense Initiative, 
he has often taken a position on arms-control matters. Most recently, 
Sagdeev has led efforts to advance perestroika, Gorbachev's attempt to re
organize the Soviet economy and bureaucracy. 

In 1982, Sagdeev joined the Board of Advisors of The Planetary Soci
ety. Our members have heard him speak about the Soviet space program at 
several events across the United States, and he has helped to secure many 
of the articles by Soviet scientists and images from the Soviet program that 
have appeared in The Planetary Report. Following his resignation as direc
tor of IKI, Sagdeev agreed to this interview with our Executive Director, 
Louis D. Friedman, to inform our members of his plans, opinions and 
vision of future planetary exploration. 

LDF: Why did you leave the Institute 
for Space Research (IK!)? 
RZS: I did not leave IKI; I left my 
chair as director because I held that 
chair for more than fifteen years, and 
the simple formula is when somebody 
occupies a chair for such a long time, 
that is stagnation. I think rotation is es
sential. It is essential for an institute. It 
will bring fresh blood, fresh ideas. It is 
also essential for me personally because 
I need a chance to have more time for 
science. Maybe one day I will go back 
to administration, but right now I am re
ally having a honeymoon with science. 

LDF: And so will you stay involved 
with space exploration? 
RZS: Yes, I will be involved in space 
exploration as an individual. The 
Phobos project is still going on, and I 
have to run it up to its conclusion. I am 
also the scientific director of the Mar s 
'94 project as it is now organized. 

LDF: You have been increasingly ac
tive politically, involved in discussions 
about the future of perestroika and 
about the organization of science in the 
Soviet Union. What issues will you 
work on in the next year or two, and do 
you think you will become a govern
ment advisor or have an official posi
tion within the Academy of Sciences? 
RZS: I have been active in a way, but 
not because I am attracted by political 
life. I thought I would have a rather 
good experience. During my fifteen 
years as director of IKI, I have had the 
chance to get involved in complicated 
interactions with the different layers of 
the scientific community and govern
mental bureaucracies, aerospace busi
ness and industry, and I wanted to use 
that experience in making certain rec
ommendations. Right now we are un
dergoing substantial changes, especially 
in the field of science administration. I 



personally don't plan to stay in politics, 
to become a professional politician. I 
would be ready to advise the Academy 
or government as much as I can if such 
advice is required. 

LDF: What about defense issues? 
Do you see that as related to the space 
program, or is it separate? 
RZS: Probably both. I have not been 
involved as a researcher in the defense 
program, and I tried to stay away from 
it. It was a moral choice. But I was also 
director of IKI, and during the last few 
years I have been an active member of 
the arms control community. As such, I 
was asked to assess certain develop
ments in the strategic area of the arms 
race-for example, to assess a space
based anti-ballistic missile program. 
This type of involvement I consider 
very important nowadays, and I will 
continue this activity. I think it is very 
important to provide an assessment for 
the public and for official circles. It's 
becoming increasingly important now 
when we understand that we have to 
base our battle against the military/in
dustrial complexes on a serious, scien
tific approach. 

LDF: With regard to perestroika, 
global security and cooperation, are 
you optimistic about the next five years? 
RZS: I am optimistic. I do recognize 
that there are outstanding obstacles, un
solved problems in [the] internal life of 
our country, resistance to perestroika, 
but the country was badly managed for 
seventy years. Even if everyone sudden
ly woke up with an absolutely clear 
mind about the necessity of perestroika, 
you can understand how difficult it 
would be to change every aspect of our 
[lives]. 

We have made substantial progress 
on the political front of perestroika, but 
the frontline of economic changes is far 
behind. That's the source of most of the 
difficulties, and I think one can lose sta
bility if these two fronts are separated 
by a big gap. I think what Gorbachev is 
doing is very systematic, very thought
ful and clever. On the top of such im
portant internal changes, he always 
keeps in mind international issues, arms 
control issues, with a completely new, 
fresh and open-minded approach. As a 
scientist I feel great satisfaction when I 
see how deeply he understands the in
terdependence of military, economic 
and other issues with a good interna
tional human climate. He is a great sup
porter of international cooperation in 
space. So I want to be included in this. 

LDF: Are you optimistic too about 
US/Soviet relations? 
RZS: I am a realist. I don't think we 
should expect a sudden inflation of our 
relationship. Let's make it stable step by 
step. 

LDF: What do you think of the 
prospects for cooperation between the 
United States and the Soviet Union in 
space exploration? What are the in
hibiting factors, the dangers that might 
get in the way, and do you have any 
recommendations about policy? 
RZS : I think we have rather good 
contacts now within the framework of 
formal cooperation between scientists 
of both countries. Scientists are very 
cosmopolitan by their natures. This is 
the nature of modem science, and the 
next task is to create a similar spirit 
among the aerospace engineering and 
technical communities. This is probably 
much more difficult. One difficulty is of 
a psychological nature because these 
groups are very isolated. At least on our 
side, our aerospace community never 
participated in a rich international life. 
If scientists are members of the big in
ternational family, I cannot describe en
gineering communities with the same 
term. The second difficulty is the prob
lem related to military involvements of 
industries and trade restrictions and em
bargoes. We cannot ignore these diffi
culties. So, it is very important to pin
point projects where we can create 
clean interfaces and stay away from po
tential military designs, hardware and 

The Phobos space
craft is wrapped in 
protective material 
as technicians pre
pare It for launch to 
Mars and its moons. 
This complex mis
sion involves three 
types of spacecraft: 
an orbiter to examine 
Mars, a long-duration 
lander that will be 
placed on Phobos' 
surface, and a "hop
per" that will rove 
across the small 
moon's surface 
collecting data. The 
Phobos mission was 
conceived, built and 
launched during 
Roald Sagdeev's 
tenure as director of 
the Space Research 
Institute of the Soviet 
Academy of Sciences. 
Photograph courtesy of 
A.Zalcarov 

so on. It would require time and a sys
tematic approach. 

LDF: One thing that we have going 
for us is that the engineering people, 
which is where I come from, want to go 
home and talk about Mars missions to 
their families and to the people at the 
club and so forth . And so we're getting 
a lot of support from industry right 
now on the cooperative Mars approach 
because of that thinking. You find that 
individuals want to do it. 
RZS: I think this is an interactive pro
cess. The more you involve engineers, 
technicians and industrialists in that 
type of cooperation, the more they will 
be fascinated with it. They would be 
fascinated not only by the challenges 
provided by such missions, but also by 
a new dimension in their lives. 

LDF: Might the Soviet Union go it 
alone on a major Mars mission, either 
robotic or human, if it feels that the co
operative approach isn't working fast 
enough? 
RZS: In principle, yes; at least we did 
such things in the past. I would be terri
bly unhappy if we had to do it. It would 
be a burden to our economy. It would 
spoil the spirit of international scientific 
brotherhood, which would also be very 
bad. Also, we would again come back 
to the epoch of duplication and unnec
essary competition. 

LDF: Why does the Soviet Union 
(continued on page 7) 5 
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Glasnost, the Russian word meaning "openness," is a new 
factor in Soviet political life. The glimpses seen in the 
West are evidence of enormous intellectual, social and 

political ferment in the Soviet Union. Our advisor, Roald Sagdeev, 
is a major participant in this ferment, leading the callfor reform 
in Soviet science. Sagdeev is a member of the Supreme Soviet (the 
nominal governing legislative body of the Soviet Union), a mem
ber of the elite and powerful Soviet Academy of Sciences, a leader 
of his nation's space program, a key science advisor to President 
Mikhail Gorbachev, 'and a major force in international scientific 
cooperation. 

This past October Sagdeev was nominated to the Presidium of 
the Academy of Sciences. He refused the nomination but asked that 
it be given to Andrei Sakharov, the internationally famous nuclear 
scientist and dissident. In a stunning move, the Academy accepted 
Sagdeev's proposal and elected Sakharov to the Presidium. 

During that October meeting, Academy members openly debated 
many controversial topics, including the morality and ethics of sci
entific leadership, the internationalization of their space program 
and the quality of Soviet science. We present here some excerpts on 
topics related to planetary exploration. 

* From Sagdeev's speech 

W e have had the happy chance to witness and I 
hope to participate in a really revolutionary pro

cess of our society's renewal. The role of science is be
coming extremely important Those who have a scientific in
strument of prediction should help humanity, which 
moves, like a sapper, across a minefield increasingly 
stuffed with mines. We face a number of political, eco
nomic, social and ecologic problems. Contemporary sci
ence is not only to lay a foundation for scientific and 
technological progress, but also to participate in deci
sion making at the top political level. This is the goal 
that the Party and the people want us to achieve. 

But how should we and the Academy [of Sciences], 
which currently faces stagnation, overwhelm it to be
come a true helping hand for our nation? As it has been 
said above, in this modem, changing world, science is 
not only to ensure an expert check-up and to insist that 
certain recommendations [are] to be accepted. 

P erhaps some of you are familiar with this paradox. 
Here I am standing in front of you with my 

Deputy-of-the-Supreme-Soviet badge. But I must hon
estly admit that, as a scientist and as a physicist, as a 
space expert, I have been invited to testify at the hear
ings of the US Congress more often than at any kind of 
hearings at the Supreme Soviet in my native country. 
That well enough shows the whole importance of polit
ical reform in our country to be implemented simulta
neously with restructuring of our self-awareness and 
the self-awareness of the scientific community. 

N Ow I will say a few words about the space science 
to which I have devoted many years of my life 

and am going to deal with in the future. This branch of 
science sprang [up] 31 years ago with the launch of the 

first satellite. The Soviet lead in space has been for
midable for a certain period of time. Such outstanding 
scientists as Korolyov and Keldysh dealt with space 
science. But to the point, the people did not know the 
role [these men] played in space exploration. They 
[were called by] anonymous names: chief designer and 

, chief theorist of space exploration. 

I would like to give one more example of command
administrative methods of work in my sphere. For 

the last few years, responding to Mikhail Sergeevich 
[Gorbachev's] appeal to work for the reconversion of 
military efforts, their conversion to peaceful economy, 
to science, I was trying to participate actively in meet
ings, conferences, talks on the problems of Mars ex
ploration. It is quite probable that the joint flight to 
Mars, the joint program of Mars exploration, will be
come one of the most effective areas of reconversion. 
In this case there may be used more efficiently the ex
perience of the military-industrial complex [and the] 
defense industry. 

Comments on Sagdeev's speech 
by K. fa. Kondrat' ev 

Y ears ago when the IKI [Space Research Institute) 
was under development, I, a professor of the 

Leningrad University, witnessed how it began at that 
time. I and my colleagues, we were pinning our hopes 
on IKI. We believed that at last we should have in our 
country the headquarters of Soviet science in the field 
of space studies. Alas, not much happened. 

The more time passed, the less the Space Research 
Institute justified itself as the head institution. And the 
results are sad; we are lagging behind in many fields of . 
space studies. 

M aybe planetary studies are getting on well? Not 
everybody is informed about this, but I know 

something, and I state confidently, not well. I claim 
some criminal thing. I think it reasonable to look back 
and see whether the Venera-Halley [the Vega mission to 
Venus and Halley's Comet] program was an outstand
ing achievement. Many years ago the Venera 4 was 
equipped [with] Soviet instrumentationcand maybe fun
damental results were obtained; as to the Venera-Hal
ley, it was equipped [with] instrumentation made 
abroad, and there were no instruments made in the 
USSR. And the results of the part of the program which 
I know about are, to put it mildly, modest. I do not un
derstand why the proposal of French specialists to re
lease balloons in the Venus atmosphere had to be ac
cepted, ten observatories of the Earth had to observe 
their drift in order to determine the wind velocity, that 
is, to obtain the value which we have already known 
well. This experiment yielded, in essence, ?ero infor
mation, nothing new for science. What was all that for? 
You see how it is expensive, and what do we gain? It is 
better to invest this money in the food program. It is a 
serious question, and we should ponder it over. 0 
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(continued from page 5) 

seem to want to cooperate so much? 
Why doesn't it explore space alone or 
just with its Interkosmos [a Soviet-led 
consortium of Eastern European na
tions] partners? 
RZS: There are so many arguments 
for it. I would not even put financial ar
guments at the top. The main argument 
is the importance of such cooperation as 
a confidence-building measure, as a 
measure to create art appropriate inter
national climate for rapprochement. 

This is an extremely important issue 
since cooperation is becoming an essen
tial item in our life. We have to take a 
look at cooperation from different an
gles, how to avoid military confronta
tions, maintaining the scientific brother
hood, economic arguments and human 
factors. This is a very important issue, 
the interaction of certain areas of coop
eration such as space exploration with 
the rest of what we are doing. 

LDF: What are your impressions of 
the US program, of our priorities in 
space and in science? 
RZS: After the painful period of re
covering from the Challenger tragedy, 
American space science will have a 
good chance to restart several outstand
ing programs. I think the Hubble Space 
Telescope is defmitely going to be num
ber one, maybe one of the greatest 
space science projects of the century. 
Then we are looking forward to see
ing how Galileo, Mars Observer and 
Magellan will develop. 

I hope very much that you will have 
more chances to start new projects in 
the next decade. I am a little bit worried 
about a lack of concrete steps toward 
Mars exploration, besides Mars Ob
server, which is a good but rather mod
est mission. It is not followed by pro
jects such as a lander, a sample return 
and rover mission. I see a great deal of 
interest on the level of individual scien
tists, and I hope very much that my 
American colleagues, enthusiasts of 
Mars exploration, will eventually get an 
interesting program. 

Of course I would favor a joint pro
gram. Personally, I would be happy to 
see as integrated a program as possible. 
Even with restrictions because of em
bargoes or political considerations, we 
could still have an interesting joint pro
gram, leading eventually to a joint sam
ple return mission, which could be con
sidered as a precursor to a manned ex
pedition. I don't know how realistic it 
would be to talk about the manned 
flight to Mars right now, but I'm sure if 
both nations decided on such a goal, 

From Its Moscow headquarters, the Space Research Institute of the Soviet 
Academy of Sciences leads the USSR's robotic exploration of the planets. 
Sagdeev directed the Institute for 15 years. Executive Director Louis Fried
man and Society Vice President 8ruceMurray appear In the foreground. 
Photograph: Tom He/nslre/mer 

technology would allow us to do it in 
the first ten or fifteen years of the next 
century. 

LDF: Do you like dealing with the 
United States? 
RZS: Oh yes, I think this is a great 
country, and in my field of science, as 
in many other fields, it is a world leader. 
I like the dynamism of American life. 

LDF: Is there a relationship between 
the defense space program and the ci
vilian space program, or is Glavkos
mos [the primary Soviet space agency] 
running just the civilian space pro -
gram? 
RZS: Glavkosmos is running the 
civilian space program. 

LDF: We were always told that the 
Soviet cosmonaut program was a mili
tary program, yet it seems now to be a 
Glavkosmos program. 
RZS: The interpretation that you 
heard that the cosmonaut program is a 
military program is wrong, but I under
stand why you have such an interpreta
tion. For outsiders the very fact of mili
tary involvement, for example, that Star 
City [cosmonaut training center] is 
controlled by the Ministry of Defense, 
could make it seem like a military pro
gram. But in fact, very long ago at the 
time of Korolyov, Keldysh [leaders of 
the early Soviet space program] and at 
the time of Khrushchev, it was decided 
that such an outstanding program, 
which would require extremely compli
cated interagency and interdisciplinary 
management, should be run by the mili
tary because they have an infrastructure 
and they have discipline. I would rather 
consider the very fact of their involve
ment as an example of conversion from 

military to peaceful activities. Essential
ly we were using the military's potential 
and expertise to promote manned 
flights . I am sure this program has abso
lutely zero military significance. Even if 
one day the military wanted to use these 
results or these techniques, it would be 
absolutely an inefficient way. 

WF: Senator Spark Matsunaga (D
HI), in his book The Mars Project, 
talks about organizing a human Mars 
mission with military people, but not as 
a military program. 
RZS: Somehow what we had in the 
manned flight program was a de facto 
realization of Matsunaga's concept. 

WF: Is Glavkosmos taking the place 
of Interkosmos in making the arrange
ments for future missions? 
RZS: In the cases where we have to 
deal with commercial aspects. We have 
a gentlemen's agreement between In
terkosmos and Glavkosmos on commer
cial issues. In that area they will act. 

WF: How are decisions made in the 
Soviet Union to do,for example, a mis
sion in 1994 to go to Mars or to launch 
a rover and sample return mission on 
an Energia rocket? Who makes that de
cision? Is it Interkosmos, Glavkosmos, 
both entities? 
RZS: This is a rather complicated, 
multi-step, interactive process. We have 
quite a few scientific meetings, work
shops and committees, which assess the 
most important and changing scientific 
issues in space and at the same time in
teract with the aerospace industry, with 
such places as the Babikan Center. This 
gives an indication of which scientific 
issues could be treated with existing or 
realistic space technologies. In the 7 



The Soviet Union now 
possesses a space 
shunle (top), called 
Buran or "snowstorm" 
and very similar to that 
of the United States, 
with one crucial differ
ence: This shuttle uses 
the heavy-11ft launch 
vehicle Energla to 
boost It Into orbit. ca
pable of flying on Its 
own, the Energla (right) 
gives the Soviet launch 
vehicle stable a versa
tility that the US cannot 
yet match. Sagdeev has 
been critical of the S0-
viet shuttle program, 
fearing that It will travel 
the same path as the 
US program and divert 
money and energy from 
the scientific explora
tion of the solar system. 
Top photo: So'l1olo; 
RighI pholo: Sovlel Academy 
otScIencH 

meantime, we have to interact with 
planning agencir.s to see if we could 
have available material resources and 
funds. Finally, a joint body representing 
the interests of the Academy of Sci
ences and the aerospace industry ap
proves the program and specific pro
jects. As the last step, we need confIr
mation from the government. 

LDF: At the ministry level ? 
RZS: Yes, at the level of the Council 
of Ministers. 

8 LDF: Is that where the issue of the 

cost of the mission and whether or not 
it can be afforded is decided? 
RZS: We keep in mind the costs and 
economic issues from the very begin
ning because we know the options and 
try to avoid science-fiction types of ap
proaches. So, in principle, the interac
tive process reminds me of what you 
have in your country. I wouldn't even 
be afraid of using the word "lobbying." 
There are conflicts of interest and so on. 

LDF: A man at Gosteleradio {the 
national Soviet radio and television 
network] told me that there is no pub
lic support for space exploration in the 
Soviet Union. Do you agree? Do you 
think it's important? 
RZS: This is an important issue, and 
it is a controversial issue. As a by-prod
uct of reconsidering every aspect of our 
life in the process of perestroika and 
renovation, very often you hear such 
views that science and technology in 
general are enemies of humankind, that 
they have spoiled the life of humanity. 
Very often you hear that space explora
tion is extremely expensive or danger
ous. We must find a way for the man in 
the street to participate in space explo
ration, not merely witness it, because 
we need the support of taxpayers. The 
negative reactions are a result of past 
policies. But now we believe that the 
political and international prestige is 
important. 

LDF: How can the Soviet Union 
spend so much on space science and 
exploration, with programs such as En
ergia {a new giant launch vehicle], Mir 
{the new, enlarged space station], Vega 
{a mission to Halley's Comet and 
Venus] and Phobos {a mission to Mars 
and one of its moons]? 
RZS: First realize that Vega and 
Phobos are much cheaper than manned 
programs. The prestige factors I men
tioned are important, especially interna
tional prestige, but perhaps we are 
spending too much. Energia and Buran 
[the Soviet space shuttle] are often crit
icized. Similarly to your military/indus
trial complex, our industrial community 
argues that it needs these projects just 
to stay in business-an institutional ne
cessity argument. 

LDF: What is the right mix of hu
man and robotic missions? 
RZS: That's not an easy question. I 
need to understand more before I can 
answer. I do think that there is too much 
emphasis now on human missions and 
heavy-lift launch vehicles. 

LDF: Will the Soviet Union under
take outer planet missions? 
RZS: Not soon. There are economic 
and technical limitations. It is best now, 
during perestroika, not to expand too 
much but to keep space exploration go
ing within limits and current defined 
capabilities. An international Mars sam
ple return mission fits these criteria, but 
outer planet missions do not. Perhaps 
they will by the mid-1990s. 

LDF: In the United States we found 
that as planetary missions became 
more ambitious, and therefore more 
complex, we stopped undertaking them. 
Are you worried about that in the So
viet program? 
RZS: To some extent, that is already 
happening in the Soviet Union. In the 
1960s and 1970s we sent missions to 
Mars and Venus at nearly every oppor
tunity. Now our sequence of missions is 
to do one in 1984 [Vega], in 1988 
[Phobos], and in 1994 [the planned 
mission to Mars]. 

LDF: Is there a need for a popular 
organization similar to The Planetary 
Society in the Soviet Union? Should we 
try to be more active there ourselves? 
RZS: I enjoy immensely my associa
tion with The Planetary Society. It is 
important. There should be another So
viet on the Board of Advisors, perhaps a 
younger scientist. On our side, we have 
an interesting underground prepared to 
set up a similarly large public organiza
tion. I don't know if it would be a real 
counterpart to The Planetary Society. 
Some enthusiasts are talking about a 
kind of space explorers' federation, 
bringing together not only deep space 
programs but also near-space and as
tronomy missions and manned flights. 
This type of organization would be very 
important in overcoming the skepticism 
of the man on the street. On the other 
hand, it would make a bridge to pro
mote such projects through governmen
tal and other agencies. 

LDF: Who are the principals in that? 
RZS: There are many people: writers, 
artists, space engineers, scientists. I ex
pect that such a society would be orga
nized in the near future. 

LDF: We, of course, would like very 
much to cooperate with them. We do 
have now liaisons and working ar
rangements with the Union of Artists 
and the Union of Architects, and I hope 
to make arrangements soon with the 
Union of Writers. 0 



by John W. Larimer 

T he term "shooting star," long 
used as a fanciful expression to 
describe a meteor, has taken on a 

new meaning for students of meteorites. 
Some meteorites appear to contain star 
dust, material that originated around 
stars that were born, lived and died 
before the Sun and planets formed. This 
exotic star dust apparently survived a 
lengthy journey through interstellar 
space before being caught up in the 
cloud of gas and dust that became our 
solar system. Having endured the trip 
through space, it then somehow man
aged to escape violent processing in the 
early solar system-the vaporization, 
melting and complex chemical reactions 
recorded in meteorites. And finally, af
ter a long residence in small asteroids, 
the meteorite parent bodies, it survived 
their breakup and the trip to Earth. 

Ultimately the Sun and all planetary 
matter came from outside the solar sys-

tem and could be regarded as exotic in 
the broadest sense of the word. But 
most of this material has been so exten
sively processed since arriving in the 
solar system that it seems more appro
priate to regard it as "local" in origin, 
reserving the term "exotic" for material 
that still retains some signature of a pre
solar origin. Until recently the possibil
ity that pieces of pre-solar material 
might still be intact and retain a memo
ry of their history seemed too remote to 
contemplate. Moreover, even if some 
exotic dust had survived, it was not 
clear how it could differ from local dust. 
Not surprisingly, the story of how exot
ic, pre-solar material has been sought 
and found in meteorites follows a some
times illogical course. 

Clues from Chondrites 
Meteorites have long been regarded as a 
rich source of information about the 

early solar system. Roughly 85 percent 
of all meteorites that fall to Earth are 
chunks of rock known as chondrites, af
ter the BB-sized, once-molten silicate 
spheres called chondrules found within 
them. Chondrites are old, nearly pristine 
samples of planetary matter. Radiomet
ric dating (measuring radioactive decay 
to establish age) indicates an age of 
about 4.6 billion years, the accepted age 
of the solar system. No terrestrial or lu
nar rock has been found that challenges 
their great antiquity. 

Chondrites also have a unique chem
istry; they contain all the elements 
mixed in nearly the same proportions 
measured spectroscopically in the Sun. 
(The only exceptions are elements such 
as hydrogen, helium, carbon and nitro
gen, which are abundant in the Sun but 
depleted in chondrites because they are 
gaseous and were not incorporated into 
the rocky planets.) This implies that the 
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Sun and chondrites formed from the 
same well-mixed batch of elements and 
that chondrites have retained this mix 
since forming in the early solar system. 

Planetary scientists think that chon
drites are pieces of asteroids, broken off 
during the long history of collisions in 
the asteroid belt. Occasionally aster
oidal fragments are ejected into Earth
crossing orbits, and they eventually col
lide with our planet. Chondritic aster
oids apparently formed early in solar 
system history as condensing bits of 
matter collided and stuck together. Af
terwards, over the next several million 
years, they warmed up a few hundred 
degrees but never melted. Unlike their 
rocky counterparts produced by com
plex melting, volcanism and weathering 
on the lunar and terrestrial surfaces, 
chondrites have been little altered since 
they formed. 

Isotopes Lend Variety to Matter 

I sotopes are a variation on a theme; 
they reflect nature's way of adding 

variety to the basic building blocks of 
matter. The nuclei of all atoms are com
posed of only two kinds of particles
protons and neutrons. They have almost 
equal mass. All atoms of each element 
contain the same number of protons: 
hydrogen has one, helium has two, and so 
forth. However, not all atoms of most 
elements contain the same number of 
neutrons. Most helium atoms have two 
neutrons and a mass number of four (two 
protons + two neutrons, 4He). Atoms with 
the same number of protons but different 
numbers of neutrons are called isotopes of 
an element: 3He and 4He are isotopes of 
helium. Both have two protons, but 3He 
has only one neutron. 

In general, the isotopes of an element 
are chemically identical because the small 
difference in mass does not affect how 
they interact with other elements. Light 
elements (IH and 2H or 16Q and 180, for 
example) are an exception: here the mass 
difference is relatively large and does 
somewhat affect how the different iso
topes of hydrogen bond with the different 
isotopes of oxygen. 

Occasionally, one isotope of an element 
is unstable; given enough time, unstable 
isotopes transform into other, more stable 
isotopes. The isotope rubidium-87 
transforms into the isotope strontium-87 
at a known, excruciatingly slow rate; one 
of two 87Rb atoms becomes a 87Sr atom 
every 47 billion years. By measuring the 
proportions of 87Rb and 87Sr in a rock, 
scientists can calculate the age at which it 
formed.- JWL 

The first clue that exotic, pre-solar 
dust survived was the discovery of 
some unique isotopic signatures in me
teoritic material. Before these isotopic 
"anomalies" were found, all samples of 
planetary material seemed to contain the 
various isotopes of each element in 
more or less the same proportions. The 
elements, as well as their isotopes, were 
thus thought to have been thoroughly 
mixed in the early solar system, leading 
to the view that matter now in planets 
had been totally vaporized and com
pletely homogenized during the solar 
system's formation. 

Of course, in some cases the isotopic 
composition of certain elements does 
vary, and we must understand these 
cases before we can fully appreciate the 
isotopic "anomalies" in meteorites. Two < 

examples should suffice. First, unstable 
isotopes such as uranium-235 and -238 
and potassium-40 undergo radioactive 
decay over time to become other iso
topes. Scientists understand these cases 
well and commonly use the proportions 
of the parent and daughter isotopes to 
determine the ages of rocks and mete
orites. 

A second example is found among 
light elements such as oxygen, where 
the mass difference between 160, 170 
and 180 is proportionately large. This 
mass difference, which affects the bond 
strength between oxygen and other 
atoms such as hydrogen in water (H20) 
and carbon in carbon dioxide (C02), 

leads to isotopic variations among dif
ferent compounds. The effect, which in
creases markedly with decreasing tem
perature and depends on mass differ
ences, is called mass-dependent frac
tionation. 

A well-known study of oxygen iso
topes, which has nothing to do with me
teorites but illustrates the principle, in
volves the growth of sea shells (calcium 
carbonate, CaC03) from sea water 
(H20). As the shell grows, it incorpo
rates the oxygen isotopes in proportions 
governed by the relative bond strength 
of oxygen in the water and the shell, 
and the 180/160 ratio in the shell re
flects the isotopic composition and tem
perature of the water. Isotopic measure
ments of fossilized sea shells have en
abled scientists to trace the temperature 
and composition of sea water over the 
past few million years of worldwide 
glacial advances and retreats. 

Discovering Nuclear Processes 
in Stars 
The isotopic "anomalies" recently dis
covered in meteorites do not match any 
known pattern; they cannot be ex-

Right: This 
single-crystal, 
x-ray diffrac
tion study of a 
grain from the 
Allende mete
orite indicates 
that it has a 
structure 
characteristic 
of a diamond. 
Photograph cour
tesy of Roy Lswls 
snd Edwsrd An
ders, University 
ofChicBgo 

plained in terms of radioactive decay or ' 
mass-dependent fractionation. Instead 
they seem to reflect the nuclear proces
ses by which the elements (the funda
mental substances making up all matter) 
and their isotopes are manufactured in 
stars. Depending on a star's size, vari
ous nuclear reactions occur during its 
lifetime, leading to the buildup of heav
ier elements from lighter ones. Toward 
the end of its life, when the star becomes 
a red giant or explodes in a supernova, 
it ejects matter, including the freshly 
synthesized isotopes, into the surround
ing interstellar medium. There the mat
ter mixes with the debris from other 
stars and eventually collects to form a 
new star. Scientists think that most mat
ter in our solar system is an averaged, 
heavily processed mix of material from 
many older, now-dead stars. But the 
new evidence raises the possibility that 
some dust grains that formed shortly af
ter their constituent elements were syn
thesized still retain the isotopic signa
ture of the dying star. 

Until 1973 the few hints that pre-so
lar matter may exist in meteorites were 
too ambiguous to pursue seriously, but 
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Left and above: These scanning electron microscope Images of 
the grains found In a dissolved sample of the Murchison meteorite 
reveal numerous small crystals of silicon carbide (SiC) and an 
occasional large one. These grains, like the diamonds, carry an 
isotopic signature from a time before our solar system formed. 
Micrographs courtesy of Ernst Zinner, Washington University, St. Louis 

they did plant seeds for thought. In 
1973, Bob Clayton and his colleagues at 
the University of Chicago devised a 
clever model in which they would use 
oxygen isotopes to estimate tempera
tures in the solar nebula. Their idea was 
analogous to the study of sea shells 
growing in sea water; mineral grains 
growing in the nebular gas should pre
serve a record of the isotopic composi
tion and temperature of the gas. 

To estimate the isotopic composition 
of the gas, Clayton et al. studied clumps 
of some unusual minerals found in cer
tain meteorites. The minerals are calcu
lated to be the most refractory materials 
in a solar gas; in other words, if we 
imagine a gas containing all the ele
ments in the same proportions as they 
occur in the Sun, then these minerals 
would be the last to evaporate as the gas 
heated or the fIrst to condense as the gas 
cooled. Rich in calcium and aluminum, 
the minerals are clumped in small, easi
ly resolved masses called inclusions, 
which are known in the meteorite liter
ature by the acronym CAl, for calcium 
aluminum inclusions. The calcium- and 
aluminum-rich minerals are expected to 

grow (or evaporate) in a solar gas at 
temperatures of 1,500-2,ooooK (1,230-
1,730°C), a temperature so high that 
mass-dependent fractionation effects 
are insignifIcant. 

Dr. Clayton and his colleagues rea
soned that CAIs' oxygen isotopic com
position should be the same as that of 
the nebular gas in which they grew. 
Given this information, the scientists 
could trace the gas as it cooled to lower 
temperatures where mass-fractionation 
effects become significant, and they 
could estimate temperatures at which 
low-temperature minerals grew, or bet
ter, ceased to grow as they agglomerat
ed into the asteroidal parent bodies of 
the meteorites. 

Although the fIrst few measurements 
of the refractory minerals were close to 
those expected, there were some pecu
liar results from the outset, and these 
soon outnumbered the normal ones. In 
studying oxygen isotopes, the normal 
practice is to measure only the more 
abundant mass 16 and 18 isotopes be
cause the effect is always twice as large 
as the 17/16 effect. As a check on what 
happened during the measurements, the 

Above: This fanciful view of 
a cut diamond shows that 
bits of diamonds found In 
meteorites carry the Isotopic 
signature of star dust, with 
atoms of noble gases such as 
krypton and xenon trapped 
among the carbon atoms that 
make up the diamond. 
Drawing: Susan Selklrlr 

researchers decided to measure the 
amount of 17 present. Much to their 
surprise, relative to 16(), 180 and 170 
did not vary in the usual 2: I ratio but in
stead varied in nearly a I: I ratio. 

Since there were three isotopes in
volved, 16(), 170 and 180, there were 
two possible interpretations: either 170 
and 180 were varying by the same fac
tor, or 16() was varying independently. 
When interpreting strange results, it al
ways seems best to adopt the simplest 
explanation, which in this case was that 
only 16() was varying. But because there 
was no known chemical process that 
could cause 16() to vary independently, 
Clayton et al. inferred that somewhere 
in the minerals there was a component 
with a unique isotopic signature. 

Despite strenuous efforts over the 
past 15 years to isolate the carrier of the 
exotic 160-rich dust, it has not been 
found. Scientists increasingly suspect 
that the exotic dust must have been as
similated during nebular processing into 
grains that for the most part formed lo
cally. Though this search proved fruit
less, the discovery stimulated searches 
for other anomalies. 11 



12 

More Anomalies 
Spark More Questions 
The CAl remained the center of focus 
for most of these searches because the 
refractory nature of the inclusions, 
which previously made them prime can
didates for the first dust to form in a 
cooling nebula, now made them prime 
candidates for residual, and perhaps ex
otic, dust in a heating nebula. Much of 
this work was conducted at the Califor
nia Institute for Technology under the 
direction of Gerry Wasserburg and Sam 
Epstein. The search involved measuring 
the isotopic composition of a variety of 
elements in inclusions with a peculiar 
chemistry or mineralogy. Although the 
team has found numerous anomalies, 
the search remains random since it is 
impossible to identify in advance inclu
sions with particularly interesting iso
topic compositions. 

Scientists still do not understand the 
numerous anomalies that they have dis
covered or the bizarre nature of the pat
terns. Uncertainty surrounds attempts to 
resolve an anomalous isotopic pattern 
since there is no way of knowing which, 
if any, of the isotopes are present in nor
mal, solar-system amounts. Only rela
tive amounts, or ratios, of the isotopes 
can be fixed with certainty. In a few 
cases, where many isotopes exist, we 
can find two or more that appear to oc
cur in normal, solar proportions; these 
are then assumed to be present in nor
mal absolute amounts. If this sounds 
confusing, be assured it is, even for 
those who study the anomalies. 

Nonetheless, it appears that at least 
two separate processes are required. 
One process seems to be mass depen
dent; heavy isotopes are more enriched 
than lighter ones. The effect is more 
pronounced among lighter elements 
such as magnesium and silicon. This 
l?uggests a process such as partial vol
atilization, in which lighter isotopes boil 
off more readily than heavier ones dur
ing heating as the minerals begin to 
evaporate. This is consistent with the 
idea that these inclusions may be evapo
rative residues of the dust that collected 
to form the solar system. 

At the same time the heavier isotopes 
of heavier elements such as strontium, 
barium and some of the rare earth ele
ments are enriched more than expected 
from an evaporation process. The pat
tern among these isotopes follows one 
expected if the material contained fresh
ly synthesized isotopes formed in the 
rapid process of stellar nucleosynthesis. 
This rapid or r-process occurs during 
stellar explosions and preferentially 

forms heavy isotopes. While these two 
processes explain much of the data, they 
do not explain all of the anomalies. The 
situation is perhaps best summed up by 
noting that the inclusions displaying 
these anomalies are referred to as FUN 
inclusions-Eractionated and Unknown 
Nuclear effects. 

As in the case of the more prevalent 
oxygen isotope anomalies, it appears 
that the carriers (star dust?) of these 
anomalies have been assimilated into 
minerals of primarily local origin. 
These studies provide additional evi
dence that pre-solar dust was present in 
the early solar system but do not pro
vide us with the actual pieces. Scientists 
discovered the minerals most likely to 
be actual pieces of star dust in a study 
that took a different tack from the be
ginning and represents the most recent 
chapter in the story. 

Finding the Elusive Star Dust 
As mentioned earlier, the more volatile, 
gas-forming elements, particularly the 
noble gases helium (He), neon (Ne), ar
gon (Ar) , krypton (Kr) and xenon 
(Xe)-which do not react or combine 
readily with other elements-are deplet
ed in meteorites. The amounts of noble 
gases present are excruciatingly small 
but can still be detected and resolved in
to their constituent isotopes with a mod
ern mass spectrometer. While such 
small amounts pose analytical prob
lems, there are some advantages. 

Several isotope~J are produced by ra
dioactive decay of less volatile, much 
more abundant elements. One example 
is argon-40, which, except on smoggy 
and humid days, is the third most abun
dant gas in Earth's atmosphere. It is 
produced from the decay of potassium-
40. Argon-40 is abundant not because 
the forming Earth gathered up a lot of it 
but because potassiurn-40, its radioac
tive parent, is abundant on Earth rela
tive to the other isotopes of argon. Thus, 
it is interesting to compare the abun
dances and isotopic composition of the 
noble gases in meteorites with Earth's 
atmosphere. 

One long-standing question is 
whether noble gases in meteorites are 
concentrated in some special mineral or 
randomly trapped in all minerals. Scien
tists have sought clues using either of 
two classical procedures. In one, they 
physically separate and analyze the 
minerals. In the other, they place the 
meteorite sample in a furnace and heat 
it progressively at, for example 100· in
tervals, trapping and analyzing the gas
es evolving at each step. These studies 

Above: Scientists 
have found small, 
pre-solar diamonds 
in this partially dis
solved sample of the 
Allende meteorite. 

Bottom right: This 
sample of the Al
lende meteorite has 
been treated with 
acid, which dis
solved away much 
of the organic mate
rial, leaving behind 
acid-resistant grains. 
Photographs courtesy of 
Roy Lewis Bnd Edward 
Anders, University of 
Chicago 

have yielded useful information, includ
ing the discovery that different compo
nents in the meteorites contain different 
amounts of gas, frequently with a differ
ent isotopic composition. 

As part of an attempt in the mid-
1970s to track down the mineral or 
component that carried a particularly 
unusual xenon gas, Ed Anders and his 
colleagues at the University of Chicago 
attempted to dissolve away all the min
erals except one that they suspected to 
be the main carrier. The procedure 
failed: the mineral itself dissolved. Only 
a small residue remained, consisting 
largely of what looked like an insoluble 
organic, tar-like substance; black goo is 
a more descriptive if less scientific 
term. Its total weight was only 0.5 per
cent, or 1 part in 200, of the sample's 
weight before the dissolution procedure 
began. Although the mineral of interest 
had disappeared, Anders et at. analyzed 
the sample anyway out of curiosity. 
This decision was fortunate; amazingly, 
the sample was enriched in noble gases 



by a factor of nearly 200 over the bulk 
sample. This tiny, nondescript residue 
that had been boiled in acid and other
wise treated with disrespect contained 
virtually the entire noble gas inventory 
of the meteorite. 

But not content with isolating nonde
script residue, Dr. Anders decided to ex
amine this residue to see if it consisted 
of even smaller components, only one 
of which might hold the gases. He sub
jected the residue to a variety of chemi
cal and physical procedures in an effort 
to break it down further into the 
"Rosetta Grain" of noble gases. He fol
lowed each procedure with an isotopic 
analysis of the remaining gases. It 
rapidly became apparent that several 
components were present, each carry
ing noble gases with a unique isotopic 
signature. 

Dustfrom Several Stars? 
The components identified so far in
clude carbon in a variety of crystal 
structures as well as amorphous (non-

crystalline) carbon. In 1986, the re
searchers found tiny diamond crystals, 
and during the past year they discov
ered the compound SiC (silicon car
bide). The isotopic patterns suggest the 
presence of material formed by the 
slow or s-process of nucleosynthesis, a 
process that occurs during the latter 
stages of a star's life and that produces 
most of the stable isotopes heavier than 
iron-56. In addition, there are a number 
of variations in the isotopic composi
tion of carbon, silicon and nitrogen. 
The complexities are bewildering, sug
gesting that the dust from several stars 
may be represented. 

Silicon carbide (SiC) has been ob
served in interstellar space, associated 
with stars containing more carbon than 
oxygen. These stars and their associat
ed dust differ from the Sun, where oxy
gen is more abundant than carbon. The
oretical studies of the dust that would 
form in such carbon-rich gases indicate 
that silicon carbide would be one of the 
most refractory minerals, in contrast to 

Left: The Allende meteorite contains large, 
Iight-colored calcium- and aluminum-rich 
inclusions (CAls). The largest, nearly spher
ical inclusion near the center is about one 
centimeter in diameter. 
Photograph courtesy of the Center for Meteorite Stud· 
ies! Arizona State University 

Below: This is the acid-treated sample after 
drying. Some of the remaining acid-resistant 
grains are pre-solar diamonds. 
Photograph courtesy 01 Roy Lewis and Edward Anders, 
University 01 Chicago 

the more oxygen-rich minerals found in 
the meteoritic inclusions. 

Diamond is a well-known meteoritic 
and terrestrial mineral. Scientists have 
always thought that it formed under ex
tremely high pressures generated by 
impact-induced shock in meteorites or 
by being buried deep within Earth. 
However, since the tiny diamonds car
rying the isotopic signature of star dust 
presumably formed at the low pressures 
prevalent in interstellar space, then dia
mond formation may not always re
quire high pressures. Exactly how these 
diamonds might form is a mystery, a 
mystery fittingly derived from studies 
of the most mysterious material ever 
studied in a laboratory, a material with 
an exotic, pre-solar origin. 

John W. Larimer, a Professor in the 
Department of Geology, is also the As
sociate Director of the Center for Me
teorite Studies at Arizona State Uni
versity. His current research focuses 
on the chemistry of the solar nebula. 13 
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rflirty-two years ago, the Interna
tional Geophysical Year (lGY) 
furnished an institutional and in

tellectual context for the first launch of 
a satellite to orbit Earth. To interpret 
this event--this first international mis
sion to study Earth--most observers 
pointed to a continuing tradition of ex
ploration by Western civilization that 
has spanned more than 500 years. 

That tradition has not progressed in 
smooth increments. Its history has been 
lumpy, full of pauses and leaps reflect
ing changes in the geography of explo
ration, in its technological capabilities 
and expressions, in the relationship be
tween discovery and prevailing modes 
of thought, and in the moral drama that 
gives life and social meaning to acts of 
discovery. For half a millennium, explo
ration--as an idea and as an institu
tion-has been essential to an evolving 
~estern civilization, a cultural pheno
menon that has thrived in a vigorous 
cause-and-effect relationship with the 
civilization that it both serves and in
spires. A change in one will mean a 
change in the other. 

On occasion change has occurred on 

such an epic scale that distinctive ages 
of discovery have become apparent. 
IGY did more than inaugurate Sputnik 
and its successors. It announced a new 
epoch of exploration, a Third Great Age 
of Discovery. 

Concept of a Third Age 
In his book Trade and Dominion 
(1971), J.H. Parry traced the aftermath 
of Renaissance exploration and the im
perial rivalries that sustained it as Eu
rope settled into a routine of trade and a 
balance of colonial power. That balance 
was upset as Europeans spilled into the 
Pacific. By the middle of the 18th cen
tury a new era of circumnavigation was 
underway, propelled by the growing 
competition between France and Eng
land. Parry called this Pacific revival "A 
Second Age of Discovery." 

William Goetzmann, building on his 
masterful book Exploration and Em
pire (1967), elaborated on the phrase in 
New Lands, New Men: America and 
the Second Great Age of Discovery 
(1986), using it to describe a style of ex
ploration that characterized a whole era 
of geographic discovery. The world 

This doughty explorer of the Third Age of Exploration has discovered more new 
worlds and traveled farther than explorers of previous ages could have dreamed. 
The two Voyager spacecraft have discovered 16 new moons and trekked through 
the outer reaches of our solar system. Voyager 1 is on its way to interstellar space, 
heading toward the constellation Ophiuchus; Voyager 2 will encounter Neptune in 
August before beginning its journey to the stars. Photograph: JPUNASA 

ocean was resurveyed, and the world's 
continents were explored, claimed and 
sometimes colonized; it was an epoch 
of reckless European imperialism. But 
what made the second era different was 
its alliance with modem science. I have 
applied the same reasoning to distin
guish a Third Age from the Second, 
ideas tested most recently in The lee: A 
Journey to Antarctica (1986). 

Geography of Discovery 
Each Age has claimed a special geogra
phy. The First Age--the classic voyages 
of discovery--sailed the world ocean 
and mapped its shores. From the interior 
seas of Europe, pilots moved across a 
global sea. The grand gesture of the era 
was Magellan's circumnavigation of 
Earth. The few overland journeys, with 
the exception of the ancient caravan 
routes across Asia, were typically tied 
to ship-borne supplies or coastal depots. 

The Second Age coincided with the 
serious exploration of the continents. 
This began with a resurvey of Europe 
but quickly expanded around the globe. 
It is no accident that this was also the 
great era of natural history; the scientif
ic imperative to discover new species, 
new rocks and rivers, and new peoples 
merged perfectly with political and eco
nomic ambitions to establish wider 
spheres of dominance and sponsor ma
jor geographic inventories of all the 
lands. The great gesture of the Second 
Age was the overland traverse of a con
tinent, taking a cross-section of its natu
ral history as Lewis and Clark did for 
North America. 

The Third Age has claimed the solar 
system as its geographic domain, begin
ning with IGY's resurvey of planet 
Earth--the deep oceans, the Antarctic, 
the near-space environment, the Moon. 
But the process has expanded into a 
marvelous new geography. This era's 
grand gesture is the geophysical inven
tory of a planet. For Western civiliza
tion, exploration has always meant geo
graphic discovery, and the technology 
of interplanetary space travel has re
vived an institution that would other
wise have wasted into metaphor. 
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. .9L Third (jreat Ylge of tDiscovery 

Intellectual Context of Discovery 
But geography is only part of the story. 
For exploration to change a society in 
fundamental ways, it must interact with 
its intellectual culture, with prevailing 
modes of thought. It is easy to identify 
the First Age of Discovery with the ex
plosive flowering of learning that passes 
under the label of "Renaissance." A ro
bust curiosity spilled into new fields of 
inquiry much as explorers swarmed 
across the world ocean. Old systems of 
knowledge, in fact, simply crumbled 
under the impress of new discover
ies-not only because of particular rev
elations, but also from the sheer volume 
of data accumulated. 

When Goetzmann «ttempted to iden
tify the defining feature of the Second 
Age, he pointed to the penetration of the 
Renaissance mode of exploration by 
modern science, a grand alliance that 
persisted i'nto the early 20th century. 
But as Goetzmann himself demon
strated, the association extended beyond 
science. An intellectual reformation, 
what might be called a Greater Enlight
enment, invaded and incorporated ex-

ploration as it did nearly every other di
mension of Western civilization. Thus a 
James Cook, who voyaged to the last 
major islands and last unmapped region 
of the Pacific, can be understood as an 
Enlightenment explorer-practical, 
skeptical, inquisitive-his maps, an ex
pression of the age's urge to codify its 
discoveries. 

The relationship was reciprocal. As 
exploration oriented itself to the de
mands of science and other cultural re
forms, it began to alter the social and in
tellectual dimensions of the Greater En
lightenment. The Romantic revolution 
was in no small way inspired by the da
ta, experiences and exotica shipped 
back to Europe by the exploring expedi
tions that proliferated at the end of the 
18th century. New sciences or vastly 
reconstituted older sciences-biology, 
geology, anthropology, archeology
emerged to handle the data. Historical 
painting in the dignified, formal, cere
monious Grand Manner became natural 
history paintings of the sublime by such 
artists as Thomas Moran and Frederic 
Church. The Grand Tour of Europe that 

by Stephen J. Pyne 

had been almost a rite of passage for the 
young men and women of the previous 
age metamorphosed into a Grand Re
connaissance of Nature. 

So it went until the Second Age ran 
out of new lands and new peoples. The 
exhaustion of continental geographies 
coincided with a faltering in the intel
lectual culture and even in the moral 
drama that had sustained the Second 
Age. The philosophical underpinnings 
of the Greater Enlightenment gave way 
to the precepts, reformed genres, per
spectives and data sets of Modernism. 
Virtually every expression of high cul
ture would, in time, feel this reforma
tion-modern art in such forms as Cu
bism and Dadaism, modern science 
with the new physics and the new ge
netics, modern literature with the novels 
of Joyce and Faulkner. 

The vision of the explorer as Roman
tic hero ended on the ice sheets of 
Antarctica and in the trenches of World 
War I. As Modernism grew, classic ex
ploration receded; the Modernist revo
lution was accomplished without direct 
contributions from a new wave of geo-

The International Geophysical Year-A Milestone for Studies of Planet Earth 

A ccording to Homer Newell, one of the founders of American space science, it was the geophysicist 
Lloyd V. Berkner who, in 1950, proposed to James Van Allen and a few other colleagues that there 

should be a Third International Polar Year. (On two previous occasions, 1882-3 and 1932-3, scientists 
from many nations had collaborated in investigating polar phenomena.) Berkner argued that in view of 
rapid technical progress, scientists should not wait fifty years for the next such event but should stage it 
in 1957-8, twenty-five years after the last one. 

The proposal was soon adopted by the International Council of Scientific Unions, broadened scientifi
cally, and renamed the International Geophysical Year (lGY)--an effort to make and analyze widespread, 
simultaneous observations of Earth and its surroundings. 

On October 4, 1954, the IGY's governing committee chalJenged participating nations to put up instru
mented satellites as part of the worldwide measurement campaign. After much debate, in 1955 the US 
announced its intent to do so. In 1956 the Soviet Union followed suit, and on October 4, 1957 launched 
Sputnik, inaugurating the space age and igniting a volatile mixture of elation and consternation in the rest 
of the world. 

Though subsequent spaceflight events overwhelmed the IGY in the news, its scientific achievements 
were important, and it was a pathfmder for other large, international scientific undertakings. Planning is 
now well underway for an International Space Year in 1992, the 75th anniversary of the Russian Revolu
tion and the 500th anniversary of Columbus' discovery of America. During this next worldwide cam
paign, scientists from many nations will benefit from and extend the IGY's legacy. -James D. Burke 
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novelist Joseph Con
into a «heart of darkness" or a Sig

mund Freud into a murky subconscious 
than a Henry Stanley across tropical 
Africa or a John Wesley Powell through 
the Grarid Canyon. Only recently an~ 
Modernism and rhe new domains of ge
ographic discovery becoming synclu"Q
nized. A full reconciliation will proba
bly require another 50 years. 

The Third Age's exploration of the 
solar system cannot be understood as a 
simple extension of the mode of explo
ration that carried Western civilization 
across the continents. The discovery of 
planets with no signs of life is funda
mentally different from the discovery of 
inhabitable continents, though a planet 
like Mars might be made inhabitable 
with the use of artificial environments. 
The transition from an earlier mode of 
exploration has been awkward. The im
ages of the Second Age are still power
ful in shaping our expectations about 
exploration. They lead us to believe that 
discovery must produce the same kind 
of experiences to qualify as exploration. 

shows tend to recycle the l{om~nC(~ -nID

vel but set it in more far-flung places 
and times, to re-outfit the explorer of 
the Second Age with newer-model 
hardware; "Star Trek," for example, is 
the voyage of Darwin's Beagle at warp 
speed. 

Modernism desperately needs to ex
amine new information, new experi
ences, new images that are too alien to 
be interpreted with reference to our
selves and the familiar. It needs new 
stuff-new data, new tangible worlds-in 
great enough quantities to overwhelm 
its powerful analytical techniques. It 
needs something beyond itself, and this 
the exploration of the planets can pro
vide. They insist on contrast. They force 
us to look outward. The Third Age 
could do for Modernism what the First 
<;lid for the Renaissance and the Second 
for the Greater Enlightenment. 

Exploration as Moral Drama 
Exploration proceeds from many mo
tives, but if it is to endure, it must share 
and participate in a moral universe with 
its civilization. The explorer becomes, 

telling others and civiliza
tion who they are and how and why 
they ought to behave. The explorer 
evaluates one civilization against anoth
er and justifies each of them. The tri
umphs and failures of explorers become 
parables. 

For Western civilization, the big story 
has been the saga of Western expansion, 
supported by a belief that this expansion 
has been good for the world as well as 
for Europe and its Neo-European coun
terparts, that expansion is both in
evitab~ and desirable. This belief, too, 
faltered in the early 20th century. West
ern exploration had its dark side. It 
challenged the presumptions of Western 
religion, science and morality. 

In 1910 Joseph Conrad published his 
damning novella Heart of Darkness, 
and Franz Boas published The Mind of 
Primitive Man. Exploration and imperi
alism were not ennobling but corrupt
ing, Conrad suggested. They corrupted 
the discoverer. Boas contended that the 
West's special claims to superior intel
ligence and a superior moral universe 
were undercut by an argument for the 

Background: Without native peoples, without a sustaining biota in its interior, Antarctica 
broke down the modes of exploration typical of the Second Age; after World War II, its ex
plorers pioneered the techniques of the Third Age. The International Geophysical Year be
gan with a special focus on the Antarctic. Photograph by Stephen J. Pyne 
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Top Inset: Rainy Season in the Tropics (1866) by Frederic Church. This painter shared the 
enthusiasms of scientists and artists for newly discovered wild lands, and landscape paint
Ing developed in tandem with natural history. Many artists accompanied scientific expedi
tions, and Church even traveled to South America on his own to reproduce in paintings the 
experiences of the explorer Alexander von Humboldt. 

Right inset: The Oxbow (1836) by Thomas Cole. This painting coincided with Ralph Waldo 
Emerson's classic essay "Nature," with the establishment of the Army Corps of Topograph
ical Engineers, and with the Texas revolution. The Second Age of Exploration was shaped 
by the coalescence of just such event~the emergence of landscape painting, a philoso
phy of transcendentalism, the sciences of natural history, and the politics of expansionism. 



stal'l(1atll'S and ~o-
pral;:tioe-s had to be undel'slOQd in 

to it!) unique historlcal develop
ment. It was not fair to judge a:l1 cul
tures using the standards of Western 
tradition. It "became increasingly obvi
OtIS that "discovery" meant, in reality, 
discovery by and for the West of places 
and phooQIDena an~ people already 
known to other societies.EXi1loratiol,l 
4Quld I;lO longer be jastified asa :kind of 
"white man's burden," necessaq in 'the 
~nteJiest of sCienG'e; politically and 
monDy, it was not a neutral act. 

In the Third Age the moral ditemma 
of exploration only exists, if we encoun
ter life or other intelligent societies. 
Sjnce this is increasingly urrHke!y in the 
solar system outside Earth, we probac 
ely won '{ face the kind of moral quan
dary that plagued the imperia'lism of 
the First and Second Ages. That's the 
goodnews. 

The bad news is that exploration of 
lifeless worlds will look different and 
will lack the purposes and drama that 
the discovery of ne'w lands and new 
peoples involved in previous centuries. 

dilemma because there is 
against which to measure the 
What will remain is an Earth-bas-ed 
rivalry~the kind of broad-spectrum 
competition that has alWtlYs powered 
explora1ion: by the West. Included with
in that rivalry IS modem scienc~ which 
Has shown itself to. b€ as aggressive a,ad 
conrpetitive as the civilization from 
whicl:t it emerged. 

Tlte US at th,. Cl'o!J!Jroad!J 
Iftrus transfer succeeds-if the mythol
ogy of expansionism and the popular 
el1thusiasms tbat it has h.stoncally ral
lied can be redirected to Jiferess envi
ronments and robotic ptobes-then the 
essential! ~ements for a new Age of 
Discovery are complete. Tb~ era will 
have its special geography, sustaining 
mode of thought, and moral vigor. An 
that it lacks is the inspiration of politi
cal rivalry. 

The Cold War helped jump-start the 
new age. But the range of participants 
has expanded, and with or without the 
United States, the Soviet Union, or any 

gues Stn)Jlu!oo.Sl}' 

benefits 
beyond the 
logical spinoffs or eCI[)ll()mi[(nlUllti 
pliers; they help determine we 
view the natural worla, how society lo
cates itself in that environment, and 
what kind of moral universe it inhabits. 

Choosing to explore the solar sxstem 
will not, by itself, assuJ'€ any spacefat
ing nation's continued world status. 
nat requires much mwe" a more COlll
prehensive cultural gross national pr6d
net, if you will. But choosing flot tQ ex-
plore wi);} loss ,of that status. 

Stephen J. Pyne is Associate Professor 
of History at Arizona State University 
West and the author of Fire in America 
and Tbe Ice: A Journey to AIitarcijca. 
He was awarded a MacArthur Fellow
ship in July 1988. 
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O
n two October days in Toronto, 
The Planetary Society held its 
first international conference on 

the search for extraterrestrial intelli
gence (SET!). Hosted by the staff of the 
beautiful Ontario Science Centre, most 
of the major SETI scientists from 
around the world convened to discuss 
their current research and their hopes 
for future study. 

META Moves South 
Chaired by SET! pioneer and Society 
Advisor Philip Morrison, the meeting 
was highlighted by the announcement 
of META II (Megachannel Extraterres
trial Assay), the world's first permanent 
SET! observatory in the southern hemi
sphere. The Society revealed an agree
ment with the Argentine Institute of 
Radioastronomy to build a duplicate of 
our Harvard META SET! system, to be 
operated permanently in Argentina. 

Built by contributions from Society 
members-including film director 
Steven Spielberg, who made a generous 
contribution after a discussion with 
Ann Druyan and Carl Sagan-META 
has been operating in Harvard, Mas
sachusetts, since 1985. It searches eight 
million radio channels for a type of ar
tificial signal called ultra-narrowband 
that could be used by another civiliza-

tion to signal its existence to the rest of 
our Milky Way galaxy. META I is by 
far the most powerful SETI system op
erating in the world today. 

Harvard professor Paul Horowitz, to
gether with colleagues John Forster, 
Ivan Linscott and Brian Matthews, de
signed and built the sophisticated 
META I system. META I uses a 25-
meter-diameter radio telescope located 
in Harvard, Massachusetts, less than an 
hour's drive from Harvard University, 
where it is jointly operated by the uni
versity and the Smithsonian Astrophys
ical Observatory. 

If Murphy's Law ("Anything that 
can go wrong will go wrong") operates 
on a cosmic scale, the most detectable 
civilization in the universe might be in 
the southern sky, where, until now, we 
could have missed it completely. Only 
a few brief searches have been conduct
ed in that hemisphere, so META II is a 
major breakthrough. 

The head of the new project, Dr. 
Raul Colomb of the Argentine Institute 
of Radioastronomy, came almost 
halfway around the world to announce 
this project and to thank the Society for 
its members' donations of $150,000. 
Two Argentine specialists, Juan Carlos 
Olalde and Eduardo Hurrel, will travel 
to Harvard to study META under the 

supervision of Dr. Horowitz. The re
searchers will then return to Argentina 
to install the META II system at an ex
isting radio telescope site. 

Speakers 'nspire and Illuminate 
Among the other conference highlights 
were a public lecture by Society Presi
dent Carl Sagan at the University of 
Toronto, a banquet speech by Paul 
Horowitz, and a panel discussion on a 
fundamental principle of SETI, the 
Drake Equation, led by Society Advisor 
and SET! pioneer Frank Drake. The 
panel also included Canadian astrono
mer Bruce Campbell, dolphin research
er Diana Reiss and Canadian anthropol
ogist Richard Lee, as well as Philip 
Morrison and Carl Sagan. The topics 
ranged from the difficulties of humans 
communicating with dolphins to the 
odds that a civilization will destroy it
self. The events were well attended, 
with crowds ranging to 1,200 people 
for Dr. Sagan's lecture. 

David Latham of the Harvard/Smith
sonian Center for Astrophysics in Cam
bridge, Massachusetts, described his re
cent breakthrough: the first indepen
dently verified detection of planets 
around other stars. Up to now, despite 
many claimed detections of extrasolar 
planets, none had been confirmed. 



by Thomas R. McDonough 

At the Toronto conference, Planetary 
SocIety President cart Sllgan, Raul 
Colomb of the Argentine InsUtute for 
Radio Astronomy, and Paul HoroWItz 
of Harvard University discussed the 
expansion of the Society's SETI pro
gram to the skies of the southern 
hem;sphere. The computerized Signal 
analyzer of Project META (Mega
chennel Extraten'estriBl Assay), now 
hard at work on the radio telescope 
at Harvard's Oak Ridge Observatory 
In Massachusetts, will soon be dupli
cated for use on a radio telescope 
outside of Buenos Aires, Argentina. 
Planetary SocIeIy photograph 

Latham's work, along with that of 
Bruce Campbell of Canada's University 
of Victoria, strongly suggests that plan
ets are extremely common. 

Ivan Linscott, who works on SET! at 
Stanford University and NASA Ames 
Research Center, announced a major 
breakthrough. He and Jay Duluk have 
founded a company, Silicon Engines, 
Incorporated, primarily to develop the 
technology needed for the NASA SET! 
project. Working at Stanford and fund
ed by NASA, Mr. Duluk and James 
Burr have developed a powerful silicon 
SET! chip ·that could cost as little as 
$100 in quantities of a thousand. Re
searchers at these institutions and at the 
SET! Institute of Los Altos, California, 
have developed the system in which the 
chip will be used. 

Most SET! projects such as META 
have been designed to look for signals 
at special or "magic" frequencies. 
These frequencies, like TV channels, 
would be known to other civilizations 
as well as ours because we have ob
served in studying galaxies and quasars 
that the laws of nature are the same ev
erywhere in the universe. These dis
tinctive frequencies are produced by 
hydrogen and other atoms abundant in 
interstellar space or are implied by 
physical constants. A signal near one 

of these frequencies would be easier to 
find than a signal hidden among the 
billions of possible undistinguished 
channels. 

Among the most intriguing possibili
ties discussed at the conference were 
new "magic frequencies" much higher 
than the traditional Water Hole band. 
The Water Hole- the microwave band 
between the frequencies of hydrogen 
and hydroxyl (OH) molecules (1,400 to 
1,700 MHz)- has been favored by 
most SET! searches up to now. As tech
nology permits, other much higher fre
quencies above the microwaves may be 
good choices for alien transmitters. 

At the Soviets' request, scientist 
Michael Klein of the Jet Propulsion 
Laboratory offered an overview of So
viet SET! research. The presentation re
flected the long-term cooperation be
tween Soviet and US SET! scientists. 

With election fever running high dur
ing this period both in Canada and the 
US, Allen E. Goodman, Associate 
Dean of the School of Foreign Service 
at Georgetown University, presented a 
paper on SET! detection protocols enti
tled "Memorandum for the Next Presi
dent of the United States," encouraging 
him to think seriously about SET!. 

Strides and Setbacks lor 
SET. Programs 
Five scientists from NASA Ames, the 
Jet Propulsion Laboratory, Stanford and 
the SET! Institute represented NASA's 
SET! project. Although it did not re
ceive the hoped-for increased funding 
for the new fiscal year, the project is 
continuing, and an operational SET! 
system could begin actual observation 
as early as 1992. Some have proposed 
that the NASA and Soviet SET! sys
tems now under construction be turned 
on simultaneously in 1992, the SOOth 
anniversary of Columbus' first inter
continental voyage and the 75th an
niversary of the Russian Revolution. 
Until then, the Society'S METAs will 
be the most powerful SET! systems in 
the world. 

The outlook appears mixed for other 
SET! systems around the globe. Robert 

Stephens, a Canadian who built a SET! 
system against great odds in the frigid 
Northwest Territories, has had to aban
don it. But he will soon begin using a 
60-foot (I8-meter) radio telescope in 
northeast Ontario for SET!. Although 
SET! interest remains strong in Canada, 
the government has unfortunately 
mothballed its large Algonquin radio 
telescope due to a cutback in govern
ment funding. Paul Feldman of the 
Herzberg Institute of Astrophysics in 
Ottawa suggested that it could be re
opened for use by the NASA SET! pro
ject. Ohio State University, which had 
had the world's longest-running SET! 
system but had been off the air for sev
eral years, has just begun running an 
improved system called SET! Zoom. 

The "SET! Protocol" moved a step 
closer to international agreement. In 
this remarkable first instance of inter
stellar diplomacy, scientists and diplo
mats are working out a plan to decide 
how to handle the first confirmed de
tection of an extraterrestrial civiliza
tion. How will it be announced? Who 
will make the announcement? A group 
led by Michael Michaud of the US 
State Department will present the latest 
version of this document to other inter
national groups for their suggestions 
and endorsements. 

The conference also marked the 
opening of the Ontario Science Cen
tre's beautiful SET! exhibit, designed 
by the Society'S Senior Consultant Jon 
Lomberg. The exhibit will be in place 
at least through the end of January 
1989, and we expect to have it on dis
play at the Planetfest II celebration in 
Pasadena during Voyager's Neptune en
counter in August 1989. 

Participants were generally agreed 
that the conference was a success. And 
I'm happy to report that despite funding 
problems in every interested country, 
SET! is moving forward vigorously. 

Tom McDonough is The Planetary So
ciety's SET! Coordinator and the au
thor of The Search for Extraterrestrial 
Intelligence, Space: The Next 25 Years 
and The Architects of Hyperspace. 19 
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. MARS WATCH 

by Susan Lendroth 

September 22, 1988, marked the closest approach 
of Mars to Earth in 17 years, and around the 
world tens of thousands of people celebrated the 

Red Planet's bright appearance in the sky with planetar
ium shows, film festivals and late-night vigils with their 
telescopes. For many, this was their first look at Mars; 
others greeted the return of an old friend. 

Mars Watch '88, a program developed by The Plane
tary Society in cooperation with the Association of Lu
nar and Planetary Observers (ALPO) and funded by the 
Norris Foundation, was the driving force behind many 
of these events. Astronomer Stephen Edberg served as 
Mars Watch Coordinator. 

The Planetary Society not only publicized Mars-re
lated activities taking place worldwide but also formal
ly co-sponsored over 60 Mars Watch events in the Unit
ed States, Canada and Great Britain. More than one
third of our membership received invitations to Plane
tary Society activities near their homes, and at least 
15,000 people attended these slide shows, lectures and 
star parties. Program participants included such speak
ers as NASA scientist Christopher McKay, director of 
the Society'S Mars Institute; noted US Geological Sur
vey scientist Harold Masursky; and physicist and sci
ence-fiction author David Brin. The success of these 
events was primarily due to the hard work and enthusi
asm of Planetary Society volunteers, who organized 
and staffed most of them, including over two dozen in 
northern California alone. 

From May through September, The Planetary Soci
ety distributed several thousand Mars Watch informa
tion kits, including 1,500 educators' packets for ele
mentary and high school teachers. Information requests 
ranged from short notes scrawled by school children to 
inquiries from serious amateur astronomers, and they 
came from throughout the United States as well as from 
at least 20 other nations, including Brazil, Ghana, 

The opposition of 1988 allowed 
amateur astronomers to Join pro
fessionals In advancing our 
knowledge of Mars. With good 
telescopes and advanced film 
and processing, some amateurs 
were able to obtain photographs 
equal to any taken before the 
age of spacecraft. We show two 
examples here. The south polar 
cap appears at the top since 
most astronomical telescopes 
invert the Image. Hundreds of 
such photographs will give us 
new data on martian winds, 
clouds, weather and surface fea
tures affected by the transport 
of dust. 

Photograph above: Donald C. Parker, 
Coral Gables, florida; photograph right: 
Isao Miyazaki, Okinawa, Japan 

Greece, Guatemala, Iran, Malaysia and the Philippines. 
Many Society members also distributed Mars Watch 

fact sheets and star charts at private telescope parties 
for their friends and neighbors. And everywhere, at 
public and private gatherings alike, our members con
tinued to win support for The Planetary Society's Mars 
goal by collecting thousands of new signatures on the 
Mars Declaration. 

Mars Watch '88 also offered special opportunities for 
the serious amateur astronomer through an affiliation 
with ALPO's .International Mars Patrol. The Planetary 
Society produced and distributed the Mars Observer's 
Handbook, written by Jeffrey Beish and Charles Capen 
of ALPO. The handbook provides amateur astronomers 
with detailed instructions on how to make careful sci
entific observations of Mars and where to contribute 
their martian data to a worldwide network of observers. 

By the end of October 1988, the ALPO Mars 
Recorders had received over 500 letters from interested 
amateur and professional astronomers in 32 countries 
and US territories. Since then, 182 observers have sent 
in nearly 3,400 observations to date-2,490 visual ob
servations, 705 photographs, 16 charge-coupled device 
images and about 180 micrometer measurements. That 
number could easily rise to 5,000 over the coming months. 

Submitted observations not only were more numer
ous than in past oppositions but also were of higher 
quality. "I've been analyzing observations for 12 years 
now, and the quality is improving, perhaps because 
more people are following our recommendation to use 
color filters," said Beish. Although most observers used 



These remarkable mosaics of Images 
taken by the Viking orbiters are stili 
far beyond the capability of any Earth· 
based telescope.The Syrtls Major re
gion (right) Is seen during the early 
northern summer of 1980. The dark 
blue area on the right Is Syrtls Major 
Itself, the first martian surface feature 
Identified from Earth by Chrlstlaan 
Huygens In 1659. Scientists believe It 
Is a gently sloping volcanic shield 
made of dark basalts. The Impact 
crater Schlaparelll appears at the cen· 
ter of the second mosaic (far right) of 
Images taken later that summer. This 
feature Is named for the 19th-century 
telescopic observer who Identified 
"canals" on Mars. 
Imaces: Jody Swann, US Geological Survey 

At each successive Mars opposl· 
tlon, researchers turn new tele
scopic techniques on the Red 
Planet. These Images were tak· 
en with an Instrument adapted 
from JPL's HIRIS project (High 
Resolution Infrared Imaging 
Spectrometer) about four hours 
apart using an Infrared camera 
mounted on the 20o-Jnch tele
scope at the Mount Palomar Ob
servatory. This huge Instrument 
Is usually turned on distant stel
lar or galactic objects, not plan
ets, but here It reveals dark and 
light surface features that rotat· 
ed between the two exposures. 

Imaces courtesy of Chas &eIchman, In
frared ProceSSing and Analysis Center, 
California Institute of Technoloey 

telescopes with apertures ranging from 3 to 16 inches, 
several astronomers employed reflectors from 20 to 90 
inches and refractors from 13 to 33 inches in aperture. 

Giant dust storms on Mars provided some interest
ing observing opportunities. Many astronomers report
ed a major dust storm in June that began in Hellas 
Planitia (the largest impact basin on Mars, lying in the 
southern hemisphere) and soon covered several thou
sand miles to the east and west. Dust clouds and haze 
extended to regions as far east as Electris Planitia, to 
the west into Argyre Planitia (another large impact 
basin in the south), to the north into Hesperia Planum 
and as far south as the south polar cap. The martian at
mosphere remained dusty from the storm even through 
the end of August. Although large, the June dust storm 
was not the planetwide storm some scientists had pre
dicted, so astronomers had several good months of ob
serving opportunities. 

Media coverage of Mars Watch '88 activities was 
extensive. From full-page features in major metropoli
tan newspapers to local stories in small-town gazettes, 
Mars took center stage in September. Planetary Society 
staff members and volunteers gave dozens of inter
views to reporters from Oregon to Florida, and special 
press kits were sent to nearly 2,000 newspapers, maga-

zines, and radio and television stations. Publications 
covering the Society'S Mars Watch programs included 
Astronomy, Sky and Telescope, the Detroit Free Pre s s, 
The Los Angeles Times, the Baltimore Sun and Associ
ated Press wire stories throughout North America. 
Many articles not only discussed the opposition of 
Mars and the events planned around it but also exam
ined future exploration of the Red Planet as a viable 
goal capable of rejuvenating NASA and serving as a 
focus for international cooperation in space. 

Indeed, 1988 proved to be a landmark year for Mars 
in many ways: it was the most favorable opposition of 
the 20th century, it brought The Planetary Society and 
the amateur astronomical community closer together 
through Mars Watch '88, and it focused international 
media attention on Mars as a world worthy of future 
exploration. 

Susan Lendroth is The Planetary Society's Manager of 
Events and Communications. 21 



22 

enus II fter~ [(i 
J}i;t;\: 

~~1tf{if~*t\€~~gt~'~%1!;t.~i~Sj[g¥!;]ili~~\~1;:\ji~~iJf<ti}tt~\i~i«~!iI't;';;~~j1,\~i\)gj:$fjr;;t~f;t0(8'~(1g~~';,~{gi{t§~:;;~~, 

The researchers obtained this Im
age In the early morning, before 
the Sun's heat had destroyed the 
good seeing of the previous 
night. ("Seeing" Is an astrono
mer's term for the clarity and 
stillness of Earth's atmosphere.) 
A vertical dark band near the 
crescent Is due to a strip of neu
tral filter used at the telescope 
to reduce the light from the 
brightest part of the crescent. 

ince Mariner 2 reached Venus in 1962 and became the first 
spacecraft from Earth to visit another planet, many 
spacecraft from both the United States and the Soviet Union 

have explored Earth's sister worlds. They've orbited the planet, 
sampled its atmosphere and landed on its surface. The US 
Magellan radar orbiter is scheduled to be launched to Venus late 
this year. But despite these spacecraft efforts, we still have much 
to learn about our closest neighboring planet, and new telescopic 
technologies can help us along. 

In June 1988, about 10 days after it passed between Earth and the 

These Images obtained over eight 
hours show the cloud structures to 
be rotating about every 6.5 days. 
The rotation Is from right to left and 
Is in the same direction as the 
much slower retrograde rotation of 
Venus. (The planet rotates In the dJ. 
rect10n opposite to Its revolution 
about the Sun; a day on Venus Is 
equal to about U7 Earth days.) 
This observed "superrotatlon" of 
the clClUds (they rotate faster than 
the SOlid planet) corresponds to a 
wind velocity of 70 meters per sec
ond, significantly slower than that 
observed for the clouds visible In ul
traviolet light that are found much 
higher ill the atmosphere. 
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Sun at a distance of about 47 million kilometers from our planet, 
William Sinton and Klaus Hodapp of the University of Hawaii, David 
Crisp of the California Institute of Technology, Boris Ragent of 
NASA Ames Research Center, and David Allen of the Anglo· 
Australian Observatory captured these images of Venus. The team 
used the University of Hawaii's 2.2-meter telescope and a newly 
available infrared camera that is similar to charge-coupled devices 
now being used instead of photography for visual images. 

These pictures show infrared radiation from the unilluminated 
hemisphere, as well as the sunlit crescent of the planet. About 

1,000 times weaker than the sunlit crescent, this emission is 
welling up through cloud structures believed to be about 20 
kilometers below the enshrouding cloud cover seen in visible light. 

If the Galileo spacecraft is launched as planned in October, it 
will take similar images of Venus as it flies by the planet in 
February 1990 on its circuitous route to Jupiter. Galileo should 
be able to see Venus with about 10 times the resolution (ability 
to resolve detail) shown here. At the same time a ground·based 
team of observers will have the opportunity to take more images 
similar to these. 

The striking feature 
near the center of 
the disk, which 
looks somewhat 
like a lunar crater, 
is actually a cloud 
formation. 

A very dark cloud 
near the right limb 
of the planet 
makes the edge of 
the planet appear 
irregular. 

The dark limb feature seen 
on June 27 has moved to 
cover most of the center of 
the picture. However, the 
edge between the dark 
cloud and the bright region 
is just about to disappear 
into the crescent region. 
Viewed nearly vertically 
rather than obliquely, the 
dark cloud is not complete
ly opaque. Because of the 
changing aspect of Venus, 
the crescent has now 
grown to be much broader 
than it was on June 24. 



As most of our members know, the nu
merically noteworthy date of 818188 
marked the tenth year without a plane
tary launch by the United States. Next 
year will, we hope, finally break this 
pattern with the launches of Magellan 
to Venus in April and Galileo to Jupiter 
in October. Mars Observer will follow 
in 1992. No other US planetary mis
sions have been approved. 

NASA has plans to launch the Comet 
Rendezvous Asteroid Flyby mission in 
1995, with the Cassini mission to Sat
urn and Titan close on its heels in 
1996.1fthese missions are started now, 
the decade of the 1990s could once 
again see the US with a vigorous space 
program, again working closely with 
the Europeans and possibly exploring 
Mars with the Soviet Union . 

The Planetary Society strongly sup
ports the CRAF/Cassini mission and 
encourages the new administration and 
Congress to approve the project this 
year. - Louis D. Friedman 

NASA's Office of Space Science and Ap
plications has given the CRAF/Cassini 
mission its highest priority for a new 
start in the fiscal year beginning in Oc
tober 1989 (FY 90). This project com
bines two missions that NASA has long 
studied: the Comet Rendezvous Aster-

oid Flyby, known by the acronym 
CRAF, and Cassini, a Saturn orbiter to 
be built by NASA and a Titan probe to 
be built by the European Space Agency 
(ESA). Both missions will use NASA's 
new Mariner Mark II spacecraft, so 
combining them into a single project 
will greatly reduce the total cost. 

This project is part of NASA's budget 
proposal for FY 90, now in the hands 
of the Office of Management and Bud
get (OMB) . In 1989 OMB must ap
prove it, and it must be accepted by 
both the President and the Congress be
fore it officially becomes part of 
NASA's program. 

ESA recently furnished a new incen
tive for OMB and presidential approval 
when scientific committees and its gov
erning body selected the Cassini probe 
for a FY 90 new start. Cassini had been 
competing with three astronomy mis
sion and another planetary mission (the 
French/Soviet Vesta mission that would 
have flown by several asteroids and a 
comet). ESA made a difficult and high
ly significant choice-first, simply to 
select a planetary mission and second, 
to choose the United States as a partner. 
This demonstrated confidence in NASA 
marks an important step in rebuilding 
European-American relations in space, 
which were greatly strained several 

years ago when the US cancelled its 
spacecraft for the once-joint Ulysses 
mission to study the Sun. ESA's actions 
should help NASA's efforts to get a new 
start for CRAF/Cassini in FY 90. 

This mission will make a multi
pronged attack on understanding the 
distribution of organic material in the 
solar system. Cometary nuclei, some 
types of asteroids, several other moons 
and Titan are all rich in carbon-based 
compounds. (The great significance of 
comets and Titan to the field of exobiol
ogy was described in the November/De
cember 1987 Planetary Report.) In its 
rendezvous with a comet, CRAF will 
have hundreds of days to make detailed 
studies far beyond those made by the 
Vega and Giotto craft that flew by Hal
ley's Comet. It will send a penetrator in
to the comet's interior, as well as con
ducting remote sensing experiments. 

Cassini will send an orbiting craft to 
spend four years studying the ringed 
planet Saturn, briefly visited by Pi 0-

neer and Voyager spacecraft. At Titan it 
will deploy a probe to make a leisurely 
three-hour descent through the satel
lite 's atmosphere, measuring its struc
ture and composition. It might even sur
vive to land on the surface.-Tobias 
Owen, State University of New York, 
Stony Brook 

NEW START-A Govern 

"New Start" is the United States govern
ment's equivalent of a starter's pistol. It is 
the signal to government agencies and pri
vate industry to commit money, to begin 
work and to build hardware for a project. 
Every planetary mission must receive an in
dividual new start in the federal budget be
fore it can move forward. Since 1980 only 
the Magellan mission to Venus and the 
Mars Observer have received new starts, but 
both have been delayed and scaled down. 

NASA may propose CRAF/Cassini for a 
new start. To receive it, the administration 
must propose the mission in its budget sub
mitted to Congress. Then the mission must 
negotiate this tortuous path through the US 
Congress: 

1. The Senate and House Budget Com
mittees must accept the budget submitted by 



mental Starter's Pistol 

NASA and give the new start high priority. 
2. The Senate Committee on Commerce, 

Science and Transportation and the House 
Committee on Science and Technology 
must authorize the new start. 

3. The Senate and House Appropriations 
Committees must give their approval. 

4. The full Congress must approve their 
committees' budget, authorization and ap
propriation actions. If the administration 

- fails to propose the mission, then Congress 
can add it as a new start. 

We encourage all members to express in
terest in the CRAF/Cassini project by send
ing letters or mail grams to their Representa
tives and Senators asking them to support 
the request for a new start with the Autho
rizing and Appropriations Committees. 
-LDF 



Planetary Society's 
campaign for US/Soviet co
operation in planetary explo
ration received an enormous 
boost at the recent US/USSR 
Planetary Working Group 
meeting. American scientists 
met with their Soviet coun
terparts to plan and coor
dinate future planetary mis
sions. After years of the So
ciety advocating such coop
eration, NASA invited So
viet scientists to work with 
the US Voyager, Magellan 
and Galileo missions; the 
Soviets invited US scientists 
to assist with Phobos and 
Mars '94; and the two nations 
compared their Mars Rover 
and Sample Return studies 
with an eye to making them 
more international. 

On November 8th, the 
Society hosted a reception in 
Washington, DC, for the 
Working Group to celebrate 
its progress as well as the 
prospects for increased in
ternational planetary explo
ration.-Louis D. Friedman, 
Executive Director 

WELCOIIING OUR NEW 
SENIOR CONSULTANT 

The Planetary Society is 
pleased to announce the 
appointment of Adriana 
Ocampo as a Senior Consul
tant. Dr. Ocampo, a member 
of the technical staff at the Jet 
Propulsion Laboratory, co-

. chaired the Society's Mexico 
City Workshop in September 
1987, helped to lay the 
groundwork in her native 
Argentina for the Society'S 
southern hemisphere SETI 
(Search for Extraterrestrial 
Intelligence) project, and 
recently helped to organize a 

26 meeting of the Pan American 

Space Organization in Wash
ington, DC.-LDF 

COilE TO OUR 
HOUSTON EVENT 

On March 16, 1989, The 
Planetary Society will spon
sor a public presentation at 
NASA's Johnson Space Cen
ter in Houston, Texas. Local 
members will hear US and 
Soviet planetary scientists 
discuss planetary explora
tion. Call our events calendar 
telephone lines for more in
formation.-Susan Lendro t h, 
Manager of Events and 
Communications 

DR. SAGAN URGES 
HUMAN liARS GOAL 

In a public lecture held Octo
ber 30th in Austin, Society 
President Carl Sagan told an 
overflow audience that a 
joint human mission to Mars 
can provide the cohesive goal 
needed to revitalize NASA 
and restore the US role in 
planetary science and explo
ration. The lecture was held 
in conjunction with the 20th 
annual meeting of the Divi
sion for Planetary Sciences 
of the American Astrono
mical Society.-SL 

SPACE ART EXHIBIT 

The Planetary Society, the 
Association of Science and 
Technology Centers (ASTC), 
The Smithsonian Institution's 
National Air and Space Mu
seum, the International Asso
ciation for the Astronomical 
Arts, and the USSR Union of 
Artists have joined together 
to sponsor a five-year space 
art project. 

This spring the exhibit of 
Soviet and American paint
ings will highlight festivities 
surrounding the Phobos en
counter with Mars and its 

largest moon. In August, se
lections from that show will 
travel to the Society'S Plan
etfest '89 in Pasadena. The 
paintings will then go to the 
Reuben Fleet Space Theater 
in San Diego and then, under 
the auspices of ASTC, begin 
a national tour. 

The Planetary Society and 
the Association of Science 
and Technology Centers are 
seeking corporate sponsors 
to join with us in the exhibit. 
We'll inform our members 
later this year when the tra
vel schedule is set. 
-Charlene M. Anderson, 
Director of Publications 

IIEIIBERSHIP GROWS 

Society membership has 
reached an all-time high of 
125,000. This includes over 
10,000 members in Canada; 
1,500 in Australia, 500 in the 
United Kingdom; several 
hundred members each in 
Italy, Sweden, Spain, France, 
Switzerland, West Germany, 
and the Netherlands; and 
sizable numbers in 30 other 
countries. We're proud to 
have members in over 80 
nations. Welcome aboard! 
-Cindy Gas, Data Proces
sing Manager 

INTERNATIONAL 
COOPERATION CONFERE E 

On December 8-10, 1988, 
Washington, DC, was the 
site of a meeting of space 
policy leaders entitled "De
veloping the International 
Agenda for Space Explora
tion," cosponsored by The 
Planetary Society and the 
Space Policy Institute at 
George Washington Univer
sity. Society members and 
the general public were in
vited to a symposium on the 
prospects for international 

cooperation. Society Pre
sident Carl Sagan gave the 
keynote address. Society Vice 
President Bruce Murray; 
Roger Bonnet of the Euro
pean Space Agency; Harlan 
Smith of the University of 
Texas, Austin; W. M. Evans 
of the Ministry of State for 
Science and Technology, 
Canada; and John McLucas 
of QuesTech, Inc. discussed 
opportunities open to the 
new Bush administration. 
-Tim Lynch, Director of 
Programs and Development 

VOLUNTEER 
UNITIES 

The Society'S Volunteer Net
work enables members to 
participate at the local level. 
Over 75 enthusiastic, hard
working regional coordi
nators representing 38 US 
states and 9 other countries 
lead volunteers in setting up 
displays, distributing bro
chures and circulating the 
Mars Declaration. Some co
ordinators hold regular meet
ings. For more information 
and local contacts, send your 
name, address and phone 
number to me c/o The Plane
tary Society.-Marshalle 
Wells, Volunteer Network 
Coordinator 

OUR MAILING ADDRESS: 

The Planetary Society 
65 N. Catalina Avenue 
Pasadena, CA 911 06 
Call/or an updated 

events calendar: 
(818) 793-4328 east ofthe 

Mississippi 
(818) 793-4294 west of the 

Mississippi 
General calls: 
(818)793-5100 

Sales calls ONLY: 
(818) 793-1722 
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Soviet Union in exploring Mars, it will require a unified effort by the pro-space movement. 
That's an excellent incentive for advocates of development and exploration, including those 
concerned with environmental ethics, to work together. 
TOM HUFFMAN, Tulsa, Oklahoma 

As a member of The Planetary Society I count myself as an idealist with the hope that the 
exploration and eventual colonization of our solar system be undertaken as a global, non
nationalistic effort. That is why I must respond to the article "Politics and The Planetary 
Society: A Personal View'; (see the September/October 1988 Planetary Report). To impel 
any space program forward on the basis of military superiority is, to my way of thinking, 
detrimental to this goal. While a militaristic approach is not surprising given the present ide
ological climate of the US, it is surprising and alarming to see The Planetary Society apa
thetically accepting this position. We, supposedly some of the more imaginative people of 
the world, must see the long-term implications and accept the responsibility of opposing the 
militarization of space by any nation. 

To say that the deployment of armaments in space is a political issue, as you stated, is 
inarguably correct, but to also say that it is not an exploration issue is erroneous. The simple 
question of who will reap the rewards will face the spacefaring nations of tomorrow just as 
it did the seafaring nations of the past. If one nation's fervor for access to space is based on 
the desire to gain ideological dominance over another people, then conflict is historically in
evitable. Space exploration will surely lead to colonization and commerce and almost cer
tainly to tough political questions; thus, would-be explorers must consider the consequences 
of their quest. 

To stand by apathetically simply because one's narrow, short-sighted aims are being 
served is selfish, unethical and wrong. The visionaries of today and the explorers of tomor
row must accept the reponsibility of voicing their concerns about the role of human beings 
in space and on other celestial bodies. This especially means The Planetary Society as a 
whole and its members individually. 
R. J. LITCHFORD, Tullahoma, Tennessee 

Louis Friedman's article concerning a more political role for the Society has me extremely 
concerned. The next administration will most likely be nonvisionary with respect to space 
exploration and could easily leave NASA wandering without purpose for another four 
years. We must not let that happen. If we are to prevent this we must be as united, as credi
ble, as determined and as persistent as possible. We don't need to quarrel among ourselves 
or to lose favor with key politicians because we take different positions than they do on un
related or only indirectly related issues. I understand that certain political issues affect our 
cause to such a degree that they cannot be ignored, but the number and extent of our in
volvement in these issues should be kept to a minimum. Please, let's not get caught up in 
politics-let'S keep our unity; let's keep our focus; let's go to Mars. 
BENNY J. KLEIN, Midland, Texas 

If we as a Society and a nation hope to achieve our goal of a dynamic space program, we 
must support our young citizens still in school. It is disconcerting to think that these people 
who are too young to remember much of the Apollo missions and who think of space as 
boring or something too complex to be understood, will be the senators, Presidents and gen
eral voting population of the future. It is they who will control the funding for the space pro
gram and all space-related scientific endeavors. 

We need to do more to interest and educate this age group or the space program will pay 
the cost in the future. The Planetary Society already recognizes this need by providing 
scholarships and certain educational opportunities, but I truly believe more needs to be 
done. Those of us who have chosen planetary science or astronomy as our careers need 
more places to demonstrate our ideas and ways to use our energy and enthusiasm. An outlet 
for ideas could be a Society newsletter, to which a member could subscribe, where new 
ideas and maybe informal abstracts could be published and discussed. 

I hope that members will consider this and offer some suggestions to our Directors and 
staff. It will be effective insurance for the space program and all planetary research in the 
future. 
JENNIFER A. GRIER, Tucson, Arizona 

NEWS BRIEFS 
(continued from page 3) 

NASA's Administrator would al
so be given a new White House 
position as assistant to the Presi
dent for civil space, with broad 
new powers for managing the to
tal federal space effort and gov
ernment support for commercial 
space efforts. This second job 
would be modeled after that of 
the Director of Central Intelli
gence, who also holds a second 
position as head of the Central 
Intelligence Agency (CIA). 

The NASA Administrator 
would become the primary US 
official for coordinating all civil 
space actions on a day-to-day ba
sis and would have much more 
power over agencies peripherally 
involved in space-such as the 
Commerce and Transportation 
departments. NASA's chief 
would also be put into a stronger 
position to deal with the Defense 
Department on space issues im
portant to both NASA and the 
Pentagon. , 
-from Craig Covault in Avia
tion Week and Space Technology 

o 
In the next six years mapmaker 
Rex Rivolo hopes to create the 
first detailed map ever made of . 
our galaxy, the Milky Way. The 
multi-million dollar project 
would show molecular clouds, re
veal the galaxy's internal struc
ture and serve as a valuable navi
gational tool for future astro
nauts. Molecular clouds, which 
consist mainly of hydrogen 
molecules, are the largest known 
objects in the galaxy and are im
portant because they're the nurs
eries where stars are born. 

Under Rivolo's proposal a 
team of scientists would take 
about five million observations of 
the Milky Way using specially 
equipped radio telescopes. The 
data would then be computer pro
cessed to nail down the precise 
location of the estimated 10,000 
molecular clouds in our galaxy. 
Rivoli says, "When you make de
tailed maps you often discover 
great things." 
-from Jim Detjen in 
The Philadelphia Inquirer 27 
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Why is most of Earth's arctic ice in 
Greenland? 
-Bruce B. Phillips, Quinlan, Texas 

Greenland is icier because of its high 
elevation, high albedo (reflectivity of 
the ice) and relatively high annual 
precipitation compared to other areas 
of the arctic. 

At an average elevation of 2,000 
meters (6,600 feet) above sea level, the 
surface of the ice sheet is so cold that 
little or no melting occurs. Because the 
albedo stays high throughout the year, 
there is also little summertime warming 
of the surface and the air near the sur
face. Only the edges of the ice sheet, at 
low elevations, do any melting. 

In Siberia and arctic Canada, most of 
the land is low-lying, and summers are 
warm enough to melt all the winter 
snowpack so no permanent ice accumu
lates. There the summertime warmth is 
enhanced by increased absorption of 
solar energy as the snowpack disappears 
and the less reflective ground is ex
posed. The high elevation and continu
ous high albedo of Greenland are imme
diate consequences of its thick ice sheet, 
so the ice in a sense creates the climatic 
conditions responsible for its existence. 

The precipitation that falls almost en
tirely as snow throughout the year adds 
cumulatively to Greenland's ice mass. 
At the Arctic Circle the average annual 
precipitation is 10 centimeters over cen
tral Siberia and 20 centimeters over the 
central Canadian arctic, but more than 
50 centimeters over Greenland. This is 
mainly due to the warm north Atlantic 
Ocean, which provides a major source 
of atmospheric moisture. Cyclonic 
storms moving north from the Atlantic 
and east from Davis Strait and Baffin 
Bay carry this moisture into the interior 
of Greenland. Even if the ice sheet itself 
were somehow removed, the mountains 

on Greenland's east coast would still 
draw much snow from these storms, 
and ice caps would form. These might 
grow and ultimately merge to regener
ate the ice sheet over central Greenland, 
even though the actual rock surface 
there is at low elevation, near sea level. 
The north Pacific Ocean is the major 
moisture source for the Alaskan and 
Canadian arctic, but most of the mois
ture is wrung out of the storms as they 
pass over the high mountains rimming 
the Gulf of Alaska, and little is left for 
the arctic. Siberia also has no good 
moisture source. The Arctic Ocean is 
not a good source of moisture because it 
is largely frozen over all year. 

During the Ice Age, temperatures 
were sufficiently lower than they are 
today that summer melting did not 
eliminate winter snowfall in arctic 
Canada, and a large ice sheet formed 
there . In Siberia, however, the preci
pitation was so low that no ice sheet 
formed even then. 
-BARCLAY KAMB, California In
stitute of Technology 

The variance in temperature between 
Mercury's day and night sides is larg
er than that of any known body in our 
solar system. What are the tempera
tures, and how is such a large range 
possible considering Mercury's prox
imity to the Sun? 
-Ivan Middlesworth, West Mans
field, Ohio 

Mercury used to be thought of as both 
the hottest and coldest planet in the so
lar system. It is easy to understand why 
Mercury is hot since it is the closest 
planet to the Sun. Occasionally the Sun 
as viewed from Mercury is over three 
times as big as it looks from the Earth; 
imagine the heat with about 10 suns in 

the sky! It may seem strange that there 
are also very cold places on Mercury. 
Astronomers used to think that Mercury 
kept one side always facing the Sun, 
just as the Moon keeps one side toward 
the Earth. Were that true, then the other 
side would be in perpetual darkness. 
With no air to carry the dayside warmth 
around the planet, Mercury 's nightside 
would be extremely cold. 

As it turns out, the original observa
tions of Mercury's rotation period were 
wrong. The planet spins very slow
ly---once every two months-so it does 
not keep one face always toward the 
Sun. Nevertheless, because the spin is so 
slow, parts of Mercury remain in dark
ness for weeks. And just like the dark
side of our airless Moon, the tempera
tures can drop to -180° Cor-300° F be
fore the Sun again slowly rises. There 
are places in the outer solar system, 
however, that get even colder. 

Neither is Mercury the hottest planet 
in the solar system. That honor goes to 
Venus, despite its greater distance from 
the Sun. The reason is that the deep 
atmosphere of Venus traps in sunlight 
and, rather like a greenhouse, warms up 
the surface to temperatures of about 
465° C (860° F), which are even hotter 
than the hottest noontime temperatures 
(430° C, 805° F) on little. airless Mer
cury. 

The distinction Mercury can claim is 
that it has the largest diurnal (daily) 
temperature variation. In dry desert 
cities on Earth, the difference between 
daytime high and nighttime low can be 
40° F or more. There is little variation at 
all on Venus: the same deep atmosphere 
that traps in the daytime heat holds in 
the heat during the night. So Mercury's 
variation of well over 1,OOO°F is truly 
extraordinary. 
- CLARK R. CHAPMAN, Planetary 
Science Institute 



WHAT WEARE 
NOT ABOUT 

A s The Planetary Society has 
grown to a worldwide organi

zation and its membership has come 
to include people from all back
grounds, we have attempted to keep 
The Planetary Report evolving so as 
to inform and stimulate everyone 
interested in planetary exploration, 
the search for extraterrestrial life 
and the international pursuit of 
these objectives. 

Our most successful recent addi
tions to the Report are the Questions 
and Answers and Members' Dia
logue departments. Clearly our 
members want to have an active 
interchange on subjects of mutual 
interest, and we shall continue to 
foster such communications by all 
available means. However, some of 
the letters we get are not about our 
main subjects. We hate to disappoint 
readers who seek knowledge of 
business satellites or black holes, but 
such concerns must be set aside to 
leave room for the central topics. Let 
us first consider the cosmic setting 
for what we are interested in and 
then suggest other places where 
readers may turn to get their non
planetary questions answered. 

Planets and life are 
low-energy phenomena 
Only in the cooler, quieter regions of 
the cosmos can matter condense into 
the stuff of rocks, trees and animals. 
On planets in the neighborhood of 
stars a narrow band of temperatures 
permits the existence of our kind of 
life. If "others" are at all like us, they 
will have to reside in roughly similar 
environments where complex mole
cular structures can survive and 
evolve. 

The Planetary Society is founded 
on the principle that the intelligent 
inhabitants of Earth will reach out 
into the low-energy universe, 
investigate and understand its many 
splendors, travel to and perhaps 
settle its distant shores, seek those 
unfound "others" and, in the pro
cess, advance the cause of world 
citizenship here at home. To cover 
all of these things well, The Plan
etary Report must exclude many 

other fascinating and worthwhile 
endeavors. Thus we are "not about" 
quasars, pulsars, black holes, the as
tonishing gamma-ray bursts whose 
origin is unknown, or the many 
puzzles of the beautiful x-ray sky. 
This still leaves an enormous realm 
to explore: the equally strange and 
lovely infrared sky, the vast mo
lecular clouds in our own and other 
galaxies, star birth and the ashes of 
star death, and finally, of course, 
planets-here and elsewhere. 

Not only are we not about black 
holes-also we are not about com
merce, industry and military mis
sions in near-Earth space. The region 
just above Earth's atmosphere is 
rapidly becoming an arena for con
tinuing many of humanity's mun
dane activities, with only slight con
nection to the pioneering outward 
reach that took humans to the ends 
of the Earth in past centuries, has 
taken them already to the Moon and 
leads onward toward the stars. True, 
both the economic base and the tech
nology for these grand adventures 
are being developed on and near 
Earth, but the fundamental drive for 
deep space is not yet that of the 
builder or the merchant; it is that of 
the explorer. 

Where to ask 
your other questions 
If you want to inquire about the Big 
Bang, neutron stars, x-ray binaries, 
faster-than-light travel, cosmic 
strings, Soviet communications sat
ellites or commercial enterprise in 
Earth orbit, whom should you ask? 

For astronomy and astrophysics it 
might be good to start at the nearest 
science museum or planetarium. One 
index of worldwide hunger for 
knowledge of the cosmos is that 
thousands of such institutions exist, 
many of them even in smaller com
munities where people have assem
bled the needed resources as an in
vestment in the future and an expres
sion of civic values. Lacking a near
by planetarium, we suggest you 
write to the Astronomical Society of 
the Pacific, 1290 24th Avenue, San 
Francisco, CA 94122, which despite 
its regional origin and name, is a 
world-class organization. 

James D. Burke, Technical Editor 

FACTINOS 
Ever since the 1960s and '70s, when space
craft visited the Moon and Mars, scientists 
have wondered why these bodies' crusts 
are so much thicker than Earth's. Now 
Don L. Anderson, director of the California 
Institute of Technology's Seismological 
Laboratory, has discovered that our planet's 
"missing" crust is floating around 400 to 
600 kilometers (250 to 400 miles) under 
the surface in the middle mantle or 
"mesosphere." 

"The middle mantle appears to be a 
dumping ground for the huge slabs of crust 
that dive into the Earth's interior at subduc
tion zones," said Anderson. Subduction 
zones are areas on Earth where tectonic 
plates are forced underneath other plates. 
-from a California Institute of Technology 
news release 

o 
In the laboratories of Cornell University, 
Bishun N. Khare, Carl Sagan and W. Reid 
Thompson have synthesized organic solids 
similar to those in the atmospheres of Titan 
(Saturn's largest moon) and Uranus. The 
experiment is like one that Harold Urey 
and Stanley Miller did in 1953 that dupli
cated Earth's ancient atmosphere. The 
new study, however, was enhanced with 
information collected by Voyager 2 during 
its flybys of Saturn and Uranus. 

The investigators created a plasma 
much like a planet's aurora, where chem
ical reactions abound. The Titan experi
ment produced a large variety of prebiotic 
chemicals called nitriles. Precursors of 
amino acids, nitriles are the basic building 
blocks of proteins. 
-from Russell Ruthen in Scientific 
American 

o 
Muscles lose more than fibers in space ac
cording to Danny A. Riley of the Medical 
College of Wisconsin in Milwaukee. Riley 
and his collaborators studied the muscle 
tissues of five rats flown in the Soviet 
Cosmos Biosatellite 1887 in October 1987. 
After twelve and one-half days in space, 
the rats' muscles had shrunk 40 percent. 
Their loss of muscle mass was 10 percent 
greater than that of rats flown for a week in 
the 1985 Challenger Spacelab 3-indicat
ing that muscle atrophy in space is progres
sive, says Riley. The Cosmos rats also suf
fered serious damage in four to seven per
cent of their muscle fibers, "much worse" 
than that found in the Spacelab 3 rats. 

Riley suggests that in space such 
changes may result from several things, in
cluding cosmic radiation, stress and reduced 
circulation as well as muscle disuse. 
-from I. Wicklegren in Science News 29 



WE RECOMMEND-
The Planetary Society seeks out books presenting theories and ideas 

that will spark your imagination. We think you will like the following: 

Beyond Spaceship Earth: 
Environmental Ethics and the 
Solar System 
edited by Eugene C. Hargrove 
#108 

Experts from many diverse fields tackle 
thought-provoking issues relating to the 
ethical implications of space exploration. 

Nemesis-The Death Star 
and Other Theories of Mass 
Extinction 
by Donald G. Goldsmith 
#135 

Astronomer Donald Goldsmith thor
oughly examines the conflicting and 
controversial theories about the 
causes of mass extinctions on Earth. 

The Quickening Universe: Cosmic 
Evolution and Human Destiny 
by Eugene T. Mallove 
#152 

What's it all about? How did the universe 
create life? What is the nature of time? 
Tour the cosmos with this reflective and 
philosophical essay on the living universe. 

Mirror MaHer: 
Pioneering Anti· 
maHer Physics 
by Robert L. Forward 
and Joe Davis 
#133 

Discover the surprising 
true story of antimatter, 
more accurately called 
mirror matter. Learn 
how it can be used 
efficiently for power on 
Earth and to propel 
craft through space. 
Semi-technical reading. 

First Light: The 
Search for the Edge 
of the Universe 
by Richard Preston 
#126 

Written about the fa
mous Mount Palomar, 
home of the 200-inch 
Hale Telescope, this 
book gives a fascinat
ing account of the 
place and the institu
tion, and of astronomy 
and the people who 
practice it. 

A SPECIAL BOOK ABOUT A SPECIAL PLACE 

The Home Planet 
edited by Kevin W. Kelley 
#170 

There's no place like home. 150 stunning images, selected from US and 
Soviet archives, portray the beauty of Earth and the mystery of space. 
Quotations from astronauts and cosmonauts accompany the photographs. 



ORDER 
NUMBER 
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124 

126 
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129 

133 

135 

137 

140 

145 

150 

152 

154 

156 
157' 

158 
159 

160 

165 
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183 

185 

ORDER 
NUMBER 

410 
411 

415 
416 
417 

425 
426 
427 

440 
441 
442 

460 
461 
462 

• Books 

Beyond spaceshi~ Earth: Environmental Ethics and the Solar 
System edited by ugene C. Hargrove. 336 pages. $20.00 

Entering Space by Joseph P. Allen. 239 pages. $15.00 

First Light: The Search for the Edge of the Universe 
by Richard Preston. 263 pages. $17.00 

Liftoff by Michael Collins. 288 pages. $22.50 

Living in Space-A Manual for Space Travellers 
by Peter Smolders.160 pages. $13.50 

Mirror Matter: Pioneering Antimatter Physics 
by Robert L. Forward and Joel Davis. 262 pages. $17.00 

Nemesis: The Death-Star and Other Theories of Mass Extinction 
by Donald Goldsmith. 166 pages. $14.00 

New Worlds: In Search of The Planets 
by Heather Couper and Nigel Henbest. 144 pages. Soft Cover $11.50 

Out of the Cradle: Exploring the Frontiers Beyond Earth 
by William K. Hartmann, Ron Miller and Pamela Lee. 190 pages. $11.00 

Pioneering the Space Frontier 
by the National Commission on Space. 211 pages. $12.00 

Planetary Exploration through Year 2000: An Augmented Program 
Part two of a r~rt by the Solar System Exploration Committee 
of the NASA A visory Council. 239 pages. $10.00 

The Quickening Universe: Cosmic Evolution and Human Destiny 
by Eugene T. Mallove. 268 pages. $17.00 

Rings-Discoveries from G.I!l.i!!!Q to ~ 
by James Elliot and Richard Kerr. 209 pages. $ 8.00 

Saturn by Seymour Simon. Age 8-11. 28 pages. $12.00 

Starsailing: Solar Sails and Interstellar Travel 
by Louis D. Friedman. 146 pages. $ 9.00 

Space - The Next 25 Years by Thomas R. McDonough. 237 pages. $16.00 

The Case for Mars edited by Penelope J. Boston. 314 pages. $18.00 

The Case for Mars II 
edited by Christopher P. McKay. 700 pages. Soft Cover $26.00 

The Grand Tour: A Traveler's Guide to the Solar System 
by Ron Miller and William K. Hartmann. 192 pages. $10.00 

The Home Planet edited by Kevin W. Kelley. 256 pages. $36.00 

The Search for Extraterrestrial Intelligence: 
Listening for Life in the Cosmos 
by Thomas R. McDonough. 256 pages. Soft Cover $13.50 

The Surface of Mars by Michael Carr. 232 pages. $16.00 

• Videotapes u;~U!~s) 

VHS Comet Halley (60 min. videotape) $15.00 
BETA 

VHS Jupiter, Saturn & Uranus: The ~ Missions $30.00 
BETA (60 min. videotape) 
PAL 

VHS Mars and Mercury (60 min. videotape) $30.00 
BETA 
PAL 

VHS Universe (30 min. videotape) $30.00 
BETA 
PAL 

VHS Together to Mars? (60 min. videotape) $15.00 
BETA 
PAL 

ORDER 
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305 

308 

310 

315 

320 

321 

322 

323 

324 

325 
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333 

334 
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520 
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540 

543 

545 
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555 
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• Color Reproductions , 

AR2II2 - photograph of Earth, full disk (16"x20" laser print) $ 8.00 

Earth at Night (23"x35" poster) $ 6.00 

Earthprlnt - photograph of North America (8"x10" laser print) $ 4.00 

Earthrise - photograph of Earth from the Moon (16"x20" laser print) $ 8.00 

Halley Encounter - 2 pictures from Yl!ga and ~ missions. $ 2.50 

Uranus Encounter - 4 pictures from Uranus and its moons. $ 4.50 

Jupiter - photograph of southern hemisphere (16"x20" laser print) $ 8.00 

Mars - landscape from YiJsing Orbiter (16"x20" laser print) $ 8.00 

The New Explorers (22"x34" poster) $ 7.00 

Other Worlds (23"x35" poster) $ 7.00 

Planetfest '81 - Saturn and the F·ring (two 23"x35" posters) $ 5.00 

Saturn - photograph of full view (16"x20" laser print) $ 8.00 

Solar System Exploration (35"x35" map with booklet) $ 9.00 

VOllIl9!![ 1 at Saturn (set of five posters) $16.00 

Solar System in Pictures - 9 pictures $10.00 

Uranus - sunlit crescent (16"x20" laser print) $ 8.00 

"You Are Here" (23"x29" poster) $ 5.00 

• 35mm Slide Sets U;~~S) 

Chesley Bonestell's Vision of Space (40 slides with sound cassette) $15.00 

Remember Halley's Comet (20 slides with description) $10.00 

Mars (20 slides with description) $10.00 

Viking 1 & 2 at Mars (40 slides with sound cassette) $15.00 

YQlllIg!!r 1 & 2 at Jupiter (40 slides with sound cassette) $15.00 

VOllllg!!r 1 Saturn Encounter (40 slides with sound cassette) $15.00 

VQllIl9!![ 2 Saturn Encounter (40 slides with sound cassette) $15.00 

~ Mission to Uranus (20 slides with description) $ 7.00 

• Other Items U;~~s) 

An Explorer's Guide to Mars (color map of Mars) $ 5.00 

Back Issues of The Planetary Report - each volume 
contains six issues (Vol. 1-5,6; Vol. 11-1,6; Vol. 111-2,6; 
Vol. IV-2; Vol. VI-1,4; Vol. VII-4,5 have been sold out.) 
Specify the issues you are ordering by volume and number. Each $ 2.00 

The Planetary Society Logo - bookmark (6"x2") (2 for $1.50) $ 1.00 

We're Saving Space for You - bookmark (6"x2") (2 for $1.50) $ 1.00 

Exploring the Universe - 1989 calendar $ 8.00 

Hugg-A-Planet-Earth - 14" diameter pillow $14.00 

Men's T-Shirt - white with blue logo. S M L XL $ 9.00 

Mission Stamos - 10 sets (4 stamos oer set) $ 1.00 

Planetary Report Binder - blue with gold lettering (2 for $16.00) $ 9.1lO 

TPS Buttons - blue with logo $ .50 

Starwatcher's Decoder Set $35.00 

The ~ Space Craft paper model $14.00 

IF YOU NEED MORE ROOM, JUST ATTACH ANOTHER SHEET OF PAPER 

ITEM 
NAME NUMBER QUAN 

ADDRESS 

CITY, STATE, ZIP 

COUNTRY 

For faster service on 
credit card orders: 

Phone: 8 A.M. - 5 P.M. 
DAYTIME TELEPHONE NUMBER 

(Pacific Time) 

(818) 793-1722 
SALES ONLY 

D CHECK OR MONEY ORDER FOR $ (Sorry. no COD. 's) 

D VISA D Me D AM/EXP EXPIRATION DATE 1 _ I _ 1 _ 

COMPLETE ACCOUNT NUMBER 

Officers of The Planetary Society do not 

SIGNATURE 
receive any proceeds from sates of books 
of which they are authors and contributors. 

DESCRIPTION 

Sales Tax: 
California residents add 6%. 

PRICE 
EACH 

Los Angeles County residents add 
an additional 112% transit tax. 

Shipping and Handling: 
All orders add 10% 
(maximum $10.00) 
Non-US add an additional $4.00 

Total Order: 

MAIL ORDER AND PAYMENT TO THE PLANETARY SOCIETY, 65 N. CATALINA AVE., PASADENA, CA 91106 

PRICE 
TOTAL 



NEW MOON-This imaginary planet and its satellite are painted to the same scale as our own Earth 
and its Moon. Here, the satellite gathers up the last of the dust disk from which it formed. 

Joe Tucciarone teaches astronomy at Daytona Beach Community College and serves as the staff 
artist at the Astronaut Memorial Hall Planetarium in Cocoa, Florida. He is a member of the International 
Association for the Astronomical Arts. 
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