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LIFE ON MARS? 

THURSDAY, SEPTEMBER 12, 1996 

U.S. HOUSE OF REPRESENTATIVES, 
COMMITTEE ON SCIENCE, 

SUBCOMMITTEE ON SPACE AND AERONAUTICS, 
Washington, DC. 

The Subcommittee met at 10:00 a.m., in Room 2318 of the Ray­
burn House Office Building, the Honorable F. James Sensen­
brenner, Jr., Chairman of the Subcommittee, presiding. 

Mr. SENSENBRENNER. Good morning, and welcome to this hear­
ing about the possibility of life on Mars. 

The biggest movie this summer was "Independence Day," a story 
about aliens invading the earth. I don't know if it's a coincidence, 
but this year and next, England is celebrating the 100th anniver­
sary of the serial publication of H.G. Wells' ''War of the Worlds," 
which was also about aliens invading the earth. 

It wasn't that long ago that Orson Welles scared half the country 
into thinking that H.G. Wells' novel had come true. Even less time 
has passed since Steven Spielberg gave us a movie about friendly 
aliens. 

So, clearly, we have some sort of cultural fascination with life in 
outer space. 

I suspect that's why NASA's announcement last month made 
headline news around the world. NASA believes that it has found 
some evidence that life in its most primitive form can exist in other 
worlds. 

For some, this has cosmological implications. For others, the phil­
osophical meaning of this discovery could be more dramatic than 
the impact Darwin had on the way humanity views itself. For still 
others, the discovery is just another ho-hum announcement. 

The nationally known paleontologist, Steven J. Gould, titled his 
editorial in the New York Times, "Life on Mars-So What?" 

As fascinating as these discussions might be, that's not why 
we're here today. This is a subcommittee that deals with science 
and public policy. Instead of debating the implications of the dis­
covery, we're going to discuss the science behind it. What steps did 
the National Science Foundation and NASA take to make this dis­
covery? How do these steps relate to our national space exploration 
efforts? What is NASA planning to study on Mars? Is it appropriate 
to view this discovery as a reason to change public policy? And 
what do we do now and where do we go from here? 

Today, we have two of the principal scientists, Doctors Richard 
Zare and David McKay, involved in developing the technology and 
doing the research that has made this discovery possible. 

(1) 
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They're going to tell us how they went about examining the me­
teorite, ALH-84001, and their confidence in their findings. 

Dr. Wesley Huntress is NASA's associate administrator for space 
science. He is going to review NASA's current plans for exploring 
Mars and tell us a little bit about how the agency will follow up 
on the discovery. 

Finally, we have Lt. General Thomas Stafford. General Stafford 
commanded several Gemini and Apollo space missions, including 
the Apollo-Soyez link-up in 1975. General Stafford, who served his 
country in the Air Force, NASA and the private sector, chaired the 
synthesis group on American space exploration initiative in 1990 
and 1991, which culminated in a roadmap for Mars exploration 
with a report, "America at the Threshold." 

General Stafford, it appears that we may once again be at a 
threshold, so I look forward to hearing your comments and those 
of the other witnesses at the table. 

I am informed that there is a Democratic caucus, which is one 
of the reasons why many more Democratic members are not here. 
They're busy engaging in seditious activities. 

[Laughter.] 
But I do appreciate the gentleman from Texas, Mr. Hall, deciding 

that Mars is more interesting than sedition, and I will now recog­
nize him for whatever comments he wants to make. 

Mr. HALL. I thank the very fair and neutral Chairman. 
[Laughter.] 
My fellow Democrats asked me to announce that these hearings 

will be continued under my chairmanship. 
[Laugher.] 
I do like the Chairman, admire him and respect him and we do 

work well together, and I thank you, Mr. Chairman. 
You're exactly right about life on Mars. It does sound like some 

science fiction to a lot of people. Silly to some people, entertaining 
to some. But it's dead serious to scientists and men and women of 
science who pick over the rocks they bring back from the moon and 
search through the files to bring us honesty and factual informa­
tion to give us gracious living and to do all those things. 

So I think today is very important and will probably be very en­
tertaining because it is interesting. It is mysterious and it does 
tickle the imagination of people who read and follow. 

One of the results of our space program is that we now know a 
lot more about Mars. I know it's a good and a very harsh environ­
ment. It's my belief that many millions of years ago, it may have 
had a more hospitable climate, with running water, we're led to be­
lieve. Whether or not it was hospitable enough to allow life to flour­
ish on Mars in the past is to be continued. 

Could some form of Martian life still exist today? I guess that's 
to be continued? 

I hope today's witnesses will be able to answer some of these 
questions or give us some idea, lead or push us in some direction 
where we can use your facts and our imagination and still whet our 
appetite to continue to search and to continue to seek. 

The discovery that will be discussed at today's hearing I think 
is very exciting. I understand that scientists don't yet agree on 
whether or not fossilized life has been found. That's to be contin-
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ued. That will require more research. And I'm convinced that 
whether or not Martian fossils have been found, the research that 
we're going to get, the answers will prove valuable down the road, 
just like our efforts to build Star Wars. 

While we may or may not have ever succeeded, I think the Rus­
sians, as they headed toward the fall of the wall, didn't know 
whether or not we had succeeded and I think there was a lot of 
fallout and a lot of things that we gained on the way there. 

I think it has been and is and will be and should be a worthwhile 
project in the future. 

So this is an exciting time for the U.S. space program. We're 
making amazing scientific discoveries almost weekly. We're flying 
the shuttle and doing important life sciences research. We're build­
ing the space station, which will be a national laboratory in space. 
And we're carrying out other critical space activities. 

Yet, I'm convinced that, ultimately, we'll get what we pay for. 
We need to make sure, Mr. Chairman, that we aren't just patting 

NASA's hard-working team on the back for their accomplishments, 
giving them challenging new assignments and at the same time, 
continuing to cut their budget. 

The consequences may not be seen for a few years, but eventu­
ally a "penny-wise, pound-foolish" approach to the space program 
is going to catch up with us. 

NASA has been asked to make deep cuts to their budgets. 
They're making deep cuts to the budget. I know of no other agency 
that's made the cuts that they've made the last four years. 

I just think NASA has risen to the challenge. And I think it's 
time to hold the line against further cuts. I'm a cut man myself. 
I never saw a cut I didn't like up here. But I think you have to 
finally arrive at the point of where you're going to be reasonable 
and say, look, we've handed these people the job. We've asked you 
to cut. You know how to cut. We cut it with a club. You cut it with 
a knife and make a proper incision for it. You've done that. 

I think it's high time for us to gut up and support you.And I 
thank you, and I yield back my time. 

Mr. SENSENBRENNER. I thank the gentleman from Texas. With­
out objection, other members' opening statements will be inserted 
into the record at this point. 

Hearing none, so ordered. 
The first witness this morning will be Dr. Wesley T. Huntress, 

Jr., Associate Administrator for Space Science at NASA. 
I would ask each of the witnesses to summarize their remarks 

in five to six minutes. Without objection, all of the written prepared 
statements of each of the witnesses will be inserted into the record 
at this point. 

And Dr. Huntress, you may proceed. 

STATEMENT OF DR. WESLEY T. HUNTRESS, JR. ASSOCIATE AD­
MINISTRATOR FOR SPACE SCIENCE NATIONAL AERO­
NAUTICS AND SPACE ADMINISTRATION 

Dr. HUNTRESS. Thank you, Mr. Chairman, and Members of the 
Subcommittee. 
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This is indeed an exciting time, and I'm very glad to be here 
today to discuss with you the recently announced research results 
concerning the possibility for life on ancient Mars. 

Now, the way I've come to look at this is about 13,000 years ago, 
a messenger arrived on this planet in the form of a meteorite. It 
landed in a very remote part of the planet, in Antarctica, and was 
buried in ice. And for 13 million years, it's waited patiently for the 
human species to get out of their caves and produce a civilized soci­
ety and to develop the capability to go to such an inhospitable place 
and to fmd it. 

It was found in 1984 as part of the annual Antarctic meteorite 
tour sponsored by the National Science Foundation in its polar re­
search programs. 

We found it. We brought it back. We opened it up. And if we're 
reading the message correctly that it contains, it says, you are not 
alone. 

And if that's true, it's pretty profound. 
We're pretty certain that this message comes from Mars. Now 

Mars among all the planets occupies a real special place in the col­
lective human consciousness. It's been an object of awe and wonder 
and speculation over the ages. Mr. Chairman, you mentioned some 
of that in your opening remarks. It's inspired a lot of romance and 
intrigue and fear about what lies beyond our own earth and in the 
depths of space. 

Scientifically, we've been interested in Mars because it's the most 
likely place in our solar system where life may have once origi­
nated besides our own planet. And our robotic exploration of Mars 
has shown us that there's clear evidence for warmer and wetter 
episodes early in Mars' history. 

And we believe that Mars, in its early history, 3-1/2 billion years 
ago, was very similar to our own planet at that time. And over 
those 3-1/2 billion years, the surface and climate conditions has 
varied widely in both planets, but Mars' atmosphere has become 
thin and dry and its surface is now relatively cold and barren, and 
the water that once flowed on its surface has since frozen out and 
disappeared. 

Now after more than thirty years of planetary exploration 
throughout the entire solar system, and after examining every 
planet at close vantage point with our spacecraft, except for Pluto, 
it's clearer than ever, more clear so, that Mars alone among all 
those planets is the choice for eventual human exploration. And 
only Mars among the other planets in the solar system has surface 
conditions which are similar to the earth, making it the most suit­
able for human exploration. 

And you'll hear more about that from our distinguished colleague 
here, General Tom Stafford. 

And so what's been our reaction at NASA to this announcement? 
It's simply been one that this evidence is intriguing and our atti­
tude towards it has been one of careful fascination. 

The implications are profound, but the evidence is not yet conclu­
sive. So much more work needs to be done in attempting to confirm 
or refute the conclusions of this team. And while this evidence for 
potential life on early Mars adds an emphasis to our current plan-
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ning for the exploration of that planet, clearly the most important 
first step is to focus more work on these meteorites. 

And that could take several years. 
In the meantime, we will continue to plan on how to get a sam­

ple from the surface of Mars back to earth for study with our 
spacecraft. 

We've been developing this strategy for the past several years for 
a second era of Mars exploration. It's a systematic plan for the 
step-by-step robotic exploration of Mars. Our overall strategy is one 
that will be familiar to any of the explorers of the last century who 
opened up the last remaining territories on our own planet. 

The first step is to map the territory. You get your global maps 
for the planet from which we can identify the most interesting 
places. And then after conducting that aerial survey, so to speak, 
you'll know what are the most interesting places and you send in 
your scouts to survey the lay of the land. In essence, to conduct a 
landed survey at those interesting places. And after scouting the 
surface, the next step is to bring back samples. 

Now, the current plan we have been working on before this dis­
covery was to see if we couldn't get a sample back from Mars by 
the year 2008 with a launch in 2005. But achieving that goal was 
going to be a challenge within our existing Mars Surveyor Program 
resources. 

Now, instead of the goal of just returning an interesting sample, 
we're looking at a strategy as to what it would take to maximize 
the possibility that that sample contained evidence of life on early 
Mars. 

Now that's something quite different. It's not that we just want 
any sample. We would want a sample that has the right stuff in 
it. And that requires a great deal more work in identifying the 
right places. 

And so we have asked our Mars science working group to con­
sider what that strategy would be, to focus our goals on Mars to 
look for early life, and that group will complete its work in early 
September. And we've asked the folks out at NASA's JPL to work 
with that team to look at how one would implement that process. 

One of the things that I think is important to understand is just 
how the search for life on Mars fits into this new origins theme in 
space science and the agency. That program is directed towards 
asking some of the most fundamental questions we could ask­
where do galaxies, stars, planets and life come from? And second, 
are there worlds like the earth around the nearby stars? And if so, 
are they habitable or is life as we know it present there? 

And the search for evidence on life on Mars is as much about a 
search for origins as it is about Mars exploration. 

If life began at the early stages on the second planet in this solar 
system, then if two places, why not more than two? 

On this planet, where there is water and where there is a source 
of chemical energy, we find life, even in the most extreme environ­
ments. 

So if life is so robust, why should we not find it on other planets 
where those conditions exist? And if in more than one place in this 
solar system, then why not in other solar systems? And we're be­
ginning to discover evidence of planets around other stars. And if 
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there are other planets like ours around those stars, then could life 
have emerged there, also? 

So it has major implications beyond just Mars. 
And although to date, scientists have detected a small number of 

planets around those stars, these findings suggest that it's likely 
that many stars are orbited by planets. 

Mr. Chairman, members of the Subcommittee, the conclusion by 
the McKay team from their studies of ALH-84001 that early life ex­
isted on Mars remain yet to be proven. However, the implications 
of the work are profound. And it represents a culmination of a se­
ries of fantastic discoveries this past year in space science ranging 
from the origin of galaxies, new planets around stars, the possibil­
ity of subsurface oceans, and Europa. 

We're entering an exciting new era of discovery and knowledge 
about the place in which we live. And I say place in which we live. 
Not just this planet, but our solar system and our universe, where 
there is no more exciting question I think we can ask and pursue 
than-what is the universe? How did it come to be? And are we 
alone on this planet? 

Thank you very much. 
Mr. SENSENBRENNER. Thank you. 
General Stafford? 
[The prepared statement of Dr. Huntress follows:] 
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Statement of 

Dr. Wesley T. Huntress, Jr. 
Associate Administrator for Space Science 

NASA Headquarters 

before the 

Subcommittee on Space and Aeronautics 
Committee on Science 

U.S. House of Representatives 

September U, 1996 

Mr. Chairman and Members of the Subcommittee: 

I am glad to be here today to discuss with you the recently announced research 
results concerning the possibility that life existed on ancient Mars. 

Thirteen thousand years ago a messenger in the form of a meteorite arrived on 
this planet. It arrived in a very remote part of this planet, in Antarctica, and was 
buried in ice. For 13 millennia it waited patiently for the human species to get 
out of their caves, produce a civilized society and to develop the capability to find 
it. . 

The forces of nature also played a role; the movement of ice and wind across 
Antarctica helped to expose this messenger. It was found in 1984 as part of an 
annual Antarctic meteorite collection activity sponsored by the National Science 
Foundation, NASA and the Smithsonian Institution. We found it, we brought it 
back, we opened it up, and if we are reading the message correctly it may say: "you 
are not alone." If it is true, that is pretty profound. 

Why are we studying Mars? 

Mars, among all the planets, occupies a special place in the collective human 
consciousness. Mars has been an object of awe, wonder and speculation over the 
ages, and has inspired a lot of romance, intrigue and fear about what lies beyond 
our own Earth in the depths of space. Inbred curiosity about Mars, along with 
Earth's own Moon, has done more to fuel man's urge to know more, and to 
explore space, than all the other planets of our solar system. Mars has been the 
subject of an enormous amount of speculation, science-fiction, and scientific 
study- and that has not been changed by our newer views of the solar system. 



8 

Mars is the most likely place where life may have once originated in the solar 
system besides on our own planet Earth. Whlle Mars may not presently harbor 
life-although there still remains an outside chance that it does-our robotic 
exploration of the planet clearly shows that there were warmer and wetter 
episodes in the past hlstory of Mars in which life may have arisen. We now 
believe that the conditions on Mars early in its geological history were very 
similar to those on the early Earth, when life first arose here. Over the past 4.5 
billion years, surface and climate conditions have varied widely both on Earth 
and Mars, but Mars' atmosphere has become thln and dry; its surface cold and 
barren. The water that once flowed on the surface of Mars has since frozen out at 
the poles and disappeared below the surface in the form of permafrost. Geological 
processes have buried Mars' inventory of water and its early atmosphere. Yet 
there may remain exposed the fossil remnants of early life on Mars. 

We know that during the time that life began on Earth (at least 3.5 billion years 
ago), Mars also had water flowing across its surface. But what we don't know is 
how far along the path of evolution Mars progressed. Did complex chemistry 
progress to life? Recent evidence from what we believe to be a Martian meteorite 
found in Antarctica (called ALH84001) suggests that early Mars might have had 
life. This finding, however, remains controversial and will only be resolved with 
further studies of ancient Mars. Fortunately, there is an expanse of ancient 
terrain on Mars, which promises ample samples for studying the early history of 
that planet. In exploring Mars, we may find evidence of liquid water, of early 
chemical evolution, or even of life. In fact, it may be the samples we gather from 
Mars that will contain the best evidence of life's beginning in our solar system. 

After more than 30 years of planetary exploration throughout the entire solar 
system, after examining every planet at dose vantage point except Pluto for the 
potential for future exploration, it is more clear than ever that Mars alone among 
the other planets is the choice for possible human exploration. Only Mars among 
the other planets in the solar system has surface conditions most similar to that of 
Earth; making it the most suitable for human exploration. 

Reaction to the Recent Announcement 

NASA's reaction to this announcement is one of careful fascination. The 
implications are profound, but the inferences are not conclusive. Much more 
work needs to be done in attempting to confirm, or refute, the conclusions of this 
team of researchers. While the potential for life on early Mars adds an additional 
emphasis to our current planning for scientific exploration of Mars, clearly the 
most important first step is to focus more work on the Martian meteorites. 

Additional Meteorite Studies 
An important next step is to get confirmation of what we have here on Earth. 
We need to have other scientific teams attempt to replicate the findings of the 
McKay Team to ensure the validity of their findings . We need to have scientists 

2 
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(McKay and others) look to other avenues of inquiry, such as evidence of sub­
cellular structures, to augment and expand the areas of analysis. And we need to 
continue to identify more meteorites from Mars, and to examine the other 
eleven we already have, for any light they might be able to shed on this area of 
scientific inquiry. 

That could take a year or so. In the meantime, we will continue to plan how to 
get a sample from Mars to the Earth for study. If a scientific consensus emerges 
that the finding of the McKay Team are confirmed and that it really does look 
like life developed on Mars, then I suspect we may accelerate our plans for a 
Mars Sample Return mission in some way. 

And in fact, we should not foreclose the idea that life still might exist in 
sheltered places on Mars. We have found compelling evidence on our own 
planet where life has developed and prospered in very unlikely places where we 
did not suspect it was possible, such as several miles below the surface of the 
Earth or inside rocks that happened to have liquid water and a source of 
chemical energy available. I suspect that there are sheltered places on Mars -on 
the polar caps, in the polar caps, under the surface, or in permafrost - that 
contain sources of liquid water we have not yet discovered. 

Our current strategy for Mars exploration 
NASA has been developing a strategy for the past several years for a new post­
Viking, second era of Mars exploration - a plan for the systematic, step-by-step 
robotic exploration of the planet, to renew the scientific exploration of the planet 
and to study the pros and cons of human exploration of Mars sometime in the 
next century. While we will continue to explore all the planets of the solar 
system with our robotic spacecraft, it seems clear that there should be a particular 
focus on Mars, given the scientific and public interest. 

Our overall strategy is one that would be familiar to the explorers of the last 
century, who opened up the last remaining territories on our own planet. The 
first step is to map the territory; to provide detailed global maps of the planet­
including, surface features, elemental and mineral composition, and topography 
-from which we can identify the geologically most interesting parts of the planet 
and to search for areas where we might possibly find evidence for past warmer 
and wetter climates. The global orbital survey will determine the distribution of 
atmospheric water and its change with time, follow the wax and wane of the 
polar caps with the change of seasons and the transport of water vapor through 
the atmosphere, and search for potential areas of subsurface permafrost. After 
conducting a complete survey from orbit, we will know the surface of Mars 
almost as well as we do that of the Earth. We will then have a global database 
about Mars, and the roadmaps to the planet, that we will need for missions to 
send very capable missions to the surface of Mars. 

3 
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The second part of the strategy is to send in scouts to survey the lay of the land, in 
essence to conduct a landed survey at the most promising areas around Mars. We 
will use the orbital global survey maps developed in earlier missions to find the 
most interesting spots on the surface, and send lander scouts to survey these sites. 
These interesting areas could be at the mouth of ancient rivers, on the sides of 
volcanoes, at the bottom of the canyons, or on the edges of the polar caps. Each 
lander will take images during parachute descent of the landing area, then land 
and take panoramic images and deploy various instruments from the lander and 
from small rovers to survey the local area and make chemical measurements of 
nearby soil and rocks. 

After scouting the surface with a series of small landers, the next step is to bring 
back samples. We do not know where the meteorites we have came from on the 
surface of Mars, therefore we can not use them for "ground truth" for remote 
sensing studies. Further, the Martian meteorites we have are all igneous rocks 
and do not tell us as much about Mars' water and atmosphere as we could learn 
from studies of old sediments and soils. Igneous rocks are not the best candidates 
for searching for ancient Martian life. Sample return missions directed to both 
old sedimentary rocks and young volcanic rocks are needed for "ground truth" 
and to better understand volatiles and possible life on Mars. 

From the series of small landers we will know which are the three or four best 
sites from which we would like samples. The current plan, before the ALH84001 
discovery, was to get a sample back from Mars by the year 2008 from a simple 
sample return mission in 2005. Achieving that modest achievement was going to 
be a challenge within our existing Mars Surveyor program plans. This general 
strategy is changed very little by the ALH84001 inferences, but what could be 
changed is the nature of the samples that we wish to return from the surface of 
Mars and the precursor missions and on-surface measurements required to certify 
which samples to return. 

While NASA is exploring all of these approaches to Mars Exploration, the 
resources needed for these activities must be carefully weighed against all of the 
Administration's priorities. It will take at least another year to better understand 
the approach needed and what level of resources are required and available. 

A new strategy for getting the right material from Mars 
One result of the recent ALH84001 finding is that we are revisiting our Mars 
strategy to see how it would be changed. Perhaps instead of setting our goal as the 
return of just an "interesting" sample, we should set the goal of our Mars 
exploration programs to maximize the probability that the returned samples 
contain evidence relating to the possible existence of early life on Mars. In other 
words, we want not just any sample, but a sample containing the "right stuff." 
That requires a great deal more work, in identifying the right places on Mars, and 
in locating and returning the right samples. 
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Immediately after the ALH84001 discovery, NASA asked the Mars Science 
Working Group to consider what new strategy would be required to focus on 
possibility of life on early Mars as the driving goal for scientific Mars exploration. 
Their report is due back at the end of the month, but I can give you a preview of 
some of their conclusions. The group has identified three environments on Mars 
that are potentially most favorable to the emergence of life, and where our search 
should be directed: 

1. "ancient" environments in the heavily cratered terrain of the Martian 
highlands, where incidentally our 1998lander is to be directed. Sampling 
this environment will emphasize exploring the ejecta of young impact 
craters for just the kind of ancient rocks and evidence as is contained in 
ALH84001. This is the environment from which sample return could occur 
soonest, since precursor information for site selection is already available 
from early missions. 

2. "old" environments existing after the period of heavy bombardment early 
in solar system history, when a significant atmosphere was still present with 
standing liquid water on the surface . . Evidence of life may be preserved in 
the remaining channel systems and basins existing today. Extensive orbital 
and surface exploration would be required to find areas on the surface with 
the remnant deposits of sedimentary materials within which to search. 

3. "pervasive subsurface" environments where life may have formed at any 
time, including recently, where liquid water may exist in warmer, protected 
subsurface niches. For these environments, development of techniques for 
locating subsurface liquid water are required and orbital/surface exploration 
techniques for identifying surface or subsurface "hot spots." 

The Mars Science Working Group has not yet completed its work, however, it 
should be finished shortly after its next meeting at the end of September 1996. 
We have asked mission planners at NASA's Jet Propulsion Laboratory (JPL) to 
work with the science team to develop implementation scenarios for this strategy, 
with various options for the rate at which the strategy would be carried out. 
NASA's Administrator, Daniel S. Goldin, has characterized the rates as "relaxed," 
"nominal" and "fast." The implementation team will complete its work shortly 
after the science group is finished. The joint team will also identify the 
technology requirements needed to carry out the strategy. It is already clear that 
long-range rovers, high spectral resolution (orbital) sensors, in-situ (surface) 
instruments, and st,;.bsurface sensors and access tools will be required. 

Because the search for evidence of life may require finding a specific sample(s) 
with the "right stuff," the exploration of Mars is best viewed as a series of 
missions which narrow the focus to the most promising sites for detailed 
analys:s. With increasing resolution, the mission series will progress from global 
reconnaissance, to high-resolution imaging of minerals characteristic of water 
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activity, to eventually landed mission studies of rocks capable of preserving the 
signatures of life. The investigation will reach its maturity with a series of 
mission that will bring the best samples back to Earth for detailed analysis. It is 
important to note that based on what we know now, we have to return samples 
to Earth to do the kinds of analysis it will require to answer whether or not life 
ever existed on Mars. 

International Participation 

NASA's existing program of Mars Exploration assumes a significant level of 
international cooperation and we have been taking steps in the last 3 years to 
increase that level of cooperation. Currently, it would be fair to say that while 
international collaboration on Mars missions is in its early stages, considerably 
more cooperation is envisioned for the future. Our goal is to have our Mars 
exploration activities fully coordinated and to have a significant portion of this 
exploration completed as joint missions with other nations. 

1996 Missions 
The three missions to be launched to Mars this year, two U.S. and one Russian, 
are more national in character with international contributions. The U.S. Mars 
Global Surveyor mission, for example, will carry communications relay 
equipment built by France that is necessary to support future Mars Surveyor 
landers and which will also support data return to Earth from Russian surface 
probes on Russia's Mars '96. France also is providing an electron reflectometer 
for the NASA magnetometer experiment and is supporting radio science 
investigations. Austria is participating through science support of the 
magnetometer/electron reflectometer investigations. The U.S. Mars Pathfinder 
mission will carry a German-built instrument to investigate the chemical 
composition of the Martian surface and German components to support imaging 
studies. Denmark will provide a magnetic properties experiment. The U.S. will 
provide soil composition instruments for Russia's small landers that will be 
carried on Russia's Mars '96 mission. This Russian mission also includes many 
instruments and subsystems built by European partner nations. 

1998 Missions 
International participation on essentially U.S. and other national missions 
continues into the next celestial opportunity for Mars exploration. For the 1998 
U.S. Mars Surveyor polar lander mission, several other nations will provide 
hardware and/ or scientific support. Russia will provide a light intensification 
direction and ranging (lidar) instrument to measure atmospheric properties, 
Germany will provide a robotic arm camera, Denmark will provide a magnetic 
properties experiment, and Finland will provide unique pressure sensors. For 
the 1998 U.S. Mars Surveyor Orbiter, Russia will provide optics for the U.S.-built 
atmospheric sounder instrument, while the United Kingdom will develop a 
pressure modulator infrared radiometer. For Japan's 1998 Planet-B mission, 
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NASA will provide an instrument to conduct in situ measurements of the 
density profile and composition of the Martian atmosphere. 

International Mars Exploration Working Group 
A number of spacefaring nations agreed in 1993 to form the International Mars 
Exploration Working Group (IMEWG). Composed of representatives from the 
U.S., Russia, the European Space Agency, Austria, Canada, France, Germany, Italy, 
Japan, and the United Kingdom, IMEWG is chartered to develop an international 
strategy for Mars exploration, to assist in preventing duplication through the 
exchange of information, and to provide a forum to develop ic!-eas for future 
collaboration and cooperation. Since 1993, IMEWG has met at least annually to 
review agency plans and to facilitate agency-level implementation of 
international agreements. It will meet again in December 1996 and we anticipate 
briefing them on NASA's plans for Mars exploration. This group is the 
appropriate science and technical venue in which a truly international strategy 
for the exploration of Mars can be developed. 

How does the search for life on Mars fit into the "Origins" theme 

NASA's Origins Program is directed towards answering among the most 
fundamental questions that we can ask: 

1. Where did galaxies, stars, planets and life come from? 
2. Are there worlds like the Earth around nearby stars? If so, are they 

habitable and is life as we know it present there? 

The search for evidence of early life on Mars is as much about a search for origins 
as it is about Mars exploration. If life evolved or began at least at the early stages 
on a second planet in our solar system, then it begs the question "if in two places, 
why not more than just two?" In all places where water and a source of chemical 
energy are present, we find life on Earth. So, why should we not find life on 
other planets in our solar system? There are many other places in the solar 
system where there has been at one time or another, or may still be, liquid water 
and sources of chemical energy. 

And if life emerged in more than one place on our home planet and within our 
solar system, why not in other solar systems? We are beginning to discover 
evidence of planets around other stars, and if there are other planets like ours, 
whether it be on Mars or elsewhere, then could life have emerged there also? 

The Sun is just one of more than a hundred billion stars in the Milky Way, and 
our Galaxy is just one of some 40 to 50 billion galaxies in the universe. A vast 
number of stars are similar to our Sun in size and brightness, and many are as old 
or older. Although to date scientists have only detected a small number of 
planets around nearby stars, these findings suggest that it is likely that many stars 
are orbited by planets. Among the most intriguing of all questions are whether 
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any of these planets support life (either past or present) and whether any of that 
life evolved to develop a civilization. If the answer is yes, then we are not alone 
in the cosmos. 

Although science fiction is filled with tales of alien civilizations in places as close 
as Mars, planetary probes and other observations have found no evidence of alien 
intelligence in our solar system. In retrospect, this is not surprising, considering 
that life existed on Earth only as single-celled, microscopic organisms for most of 
its history. Thus the question remains, is there the possibility of life, past or 
present, elsewhere in our solar system? 

Life on Earth has been found within the deep subsurface, in hydrothermal vents 
on the ocean floor at temperatures as high as 118" C (244 ·F), in permafrost that 
has remained frozen for millions of years, beneath perennial ice covers, and 
inside the rocks of cold deserts. Where there has been water, there has been life. 
Thus, on other planets, the search for the evidence of life requires understanding 
the history of water and operationally becomes the search for liquid water, both 
past or present. 

In the case of Venus and Mars, both planets had beginnings similar to Earth. Life 
evolved quickly on early Earth and perhaps it did likewise on Venus or Mars. 
Today however, a runaway greenhouse effect bakes Venus at 450• C (842. F), far 
too hot for life as we know it. Mars, on the other hand, is considered a better 
candidate for the development of life. In 1976, two Viking spacecraft landed on 
Mars, but found no conclusive evidence of life. This conclusion however, is 
subject to debate because the spacecraft only sampled two small patches of the 
planet. 

The atmospheres of the giant planets (Jupiter, Saturn, Uranus, Neptune) contain 
many organic molecules, but water is only found in clouds, and their turbulence 
makes them unlikely candidates for the development of life. Organic chemicals 
also are found on Saturn's moon Titan (which will be explored in detail by 
NASA's upcoming Cassini mission), but its surface appears too cold for liquid 
water. 

The large moons in the outer solar system, like Jupiter's moons Europa, 
Ganymede, and Callisto (which are being studied by NASA's Galilee spacecraft), 
and Neptune's moon Triton are frozen, airless worlds that could not support life 
on their surfaces, but may have complex interior chemistries. Europa may have 
liquid water deep beneath its frozen surface, perhaps supporting a hydrothermal 
system capable of originating and sustaining life, analogous to the deep-sea vent 
communities found at the rift zones in our oceans. Voyager and recent Galilee 
images show a fractured surface on Europa, not dissimilar to ice-flows seen over 
polar oceans on Earth. A Galilee fly-by in December could refine our assessment 
of the possibility of an subsurface ocean. 
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Conclusion 

Mr. Chairman and Members of the Subcommittee, the conclusion by the McKay 
Team from their studies of ALH84001 that early life existed on Mars remains to be 
proven; however, the implications of this work are profound. It represents the 
culmination of a series of fantastic discoveries in Space Science over this past 
year, ranging from the origin of galaxies to the birthplace of stars and planetary 
systems, to new planets discovered around nearby stars, to the possibility of a 
subsurface ocean on Europa, and now evidence of life on early Mars. We are 
entering an exciting new era of discovery and knowledge about the place in which 
we live - not just for planet Earth, but for our solar system and universe - for 
there is no more exciting question we could pursue than "Are we alone in this 
place?" 
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APPENDIX A: 
Description of Current Planned Mars Missions 

1996 Missions 

The next era of Mars exploration opens in 1996 with Mars Pathfinder, Mars 
Global Surveyor (MGS), and the Russia/International Mars '96. Mars 
Pathfinder (which is scheduled to launch in December 1996) will deploy a 
lander and a small rover on the surface of Mars to explore its terrain and 
analyze rock composition. Mars Global Surveyor (launch in November 1996) 
will orbit Mars for at least 2 years mapping the chemical composition of its 
surface and its geological history. Mars '96 (launch in November 1996) will 
deploy a larger orbiter with international instrumentation and sample the 
chemistry of Martian soil from two sites on the Mars surface. 

Mars Pathfinder 
Mars Pathfinder will be the second of NASA's low-cost planetary Discovery 
missions to be launched. The mission will consist of a stationary lander and a 
surface rover. The mission has the primary objective of demonstrating the 
feasibility of low-cost landings on and exploration of the Martian surface. This 
objective will be met by tests of communications between the rover and 
lander, and the lander and Earth and tests of the imaging devices and sensors. 
The scientific objectives include atmospheric entry science, and long-range 
and close-up surface imaging, with the general objective being to characterize 
the Martian environment for further exploration. International participation 
consists of Germany's provision of an Alpha Proton X-ray Spectrometer 
(APXS) instrument and of charged coupled devices for imaging 
investigations, and of Denmark's provision of a magnetic properties 
experiment. 

The spacecraft is scheduled to enter the Martian atmosphere directly on July 4, 
1997 without going into orbit around the planet. The lander will be taking 
atmospheric measurements as it descends through the Martian atmosphere. 
The entry vehicle's heat shield will slow the craft; an onboard computer will 
sense the slow-down in speed and then deploy a large parachute. The 
parachute will further slow the lander and at 100 meters above the surface the 
landers external air bags will be inflated. Seconds later, three solid rocket 
motors placed inside the top half of the entry vehicle will be fired. In 
approximately 2 seconds, the rockets will bring the lander to a stop some 12 
meters above the Martian ground. The parachute will be released, and the 
lander, nestled inside its protective air bag cocoon, will fall to the ground, 
bouncing and rolling until it stops. 

Pathfinder will then open its three metallic triangular solar panels (petals) 
and stand itself upright from any side that it happens to be lying on. The 
lander will first transmit the engineering and science data collected during 
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entry and landing. The imaging system (a camera on a pop-up mast) will 
then obtain a panoramic view of the landing area and transmit it to Earth. 
Finally, the rover will be deployed. The bulk of the lander's task will be to 
support the rover by imaging rover operations and relaying data from the 
rover to Earth. Over 2.5 meters of solar cells, in combination with 
rechargeable batteries, will power the lander. 

The landing site has been chosen for this mission at 19.5 degrees North, 32.8 
degrees West in the Ares Vallis region, an outwash plain near Chryse 
Planitia. This region is one of the largest outflow channels on Mars, the 
result of a huge flood (possibly equal to the volume of all five Great Lakes) 
over a short period of time flowing into the Martian northern lowlands. At 
this point the primary data-taking phase begins, and continues for 30 Martian 
days or sols (24.6 hours). During this time, the microrover is deployed and 
operated for at least 7 Martian days. If the lander and rover continue to 
perform well at the end of this period, an extended mission may continue for 
up to one Martian year for the lander, and the microrover for up to 30 
Martian days. 

Sojourner 
The Mars Pathfinder rover, which has been named "Sojourner," is a six­
wheeled vehicle mounted on a "rocker-bogie" suspension. The rover will be 
controlled by an Earth-based operator who will use images obtained by both 
the rover and lander systems. The communications time delay will be 
between 6 and 41 minutes depending on the relative position of Earth and 
Mars, requiring some autonomous control. The on-board control system is 
capable of compressing and storing a single image on-board. The rover is 
powered by 0.2 square meters of solar cells, which will provide energy for 
several hours of operations per each Martian day; non-rechargeable lithium 
0-cell batteries will provide backup power. 

The rover is equipped with a black and white imaging system which will be 
used to image the lander in order to assess its condition after touchdown, and 
to image the surrounding terrain to study size and distribution of soils and 
rocks, as well as locations of larger features. Imaging of the rover wheel tracks 
will be used to estimate soil properties. 

UHF Communications between the rover and lander will be studied to 
determine the effectiveness of the link between the rover and lander as the 
rover moves away from the lander. Assessments of rock and soil mechanics 
will be made based on abrasion of the wheels and adherence of dust. An 
alpha-proton-X-ray spectrometer (APXS) is on-board the rover to assess the 
composition of rocks and soil. Images of all samples tested will be 
transmitted to Earth. The primary objectives are scheduled for the first seven 
Martian days, all within about 10 meters (33 feet) of the lander. The extended 
mission will include longer trips away from the lander over about 30 Martian 
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days. More information on the Mars Pathfinder mission is available on the 
World Wide Web at http:/ /mpfwww.jpl.nasa.gov/. 

Mars Global Surveyor (MGS) 
MGS is the first venture in NASA's Mars Surveyor Program- a new series of 
missions to explore Mars. The Mars Surveyor Program will launch orbiters 
or landers every Mars launch opportunity over the next decade, using 
advanced technology to develop a comprehensive portrait of Mars. By 
studying Mars scientists hope to better understand the formation and 
evolution of Earth and the inner solar system. International participation 
consists of French provision of communications relay equipment and of 
electron reflectometer for NASA's magnetometer experiment, as well as 
French support of radio science investigations. It also involves Austrian 
support of the magnetometer I electron reflectometer investigations. 

In September 1997, the Mars Global Surveyor spacecraft, approaching Mars 
after a 10-month voyage from Earth, will fire its main rocket engine, slowing 
its journey and allowing itself to be captured by Mars' gravity. The small 
spacecraft will then swing into an elliptical (highly elongated), near-polar 
orbit around Mars. In the months that follow, thruster firings and 
aerobraking maneuvers (periodic shallow dips through the Martian 
atmosphere), orchestrated by mission controllers hundreds of millions of 
kilometers away, will gradually reshape the spacecraft's orbit into a nearly 
circular mapping path, 378 kilometers (235 miles) above the surface. 

Once in its mapping orbit, MGS will complete one orbit around Mars in about 
2 hours. Each new orbit will bring the spacecraft over a different part of Mars. 
As the weeks pass, the spacecraft will create a global portrait of Mars, 
capturing the planet's ancient crater plains, huge canyon system, massive 
volcanoes, gigantic channels, and frozen polar caps. During its mission, MGS 
also will pass over the terrain where the two inactive U.S. Viking landers­
separated by over 6,400 kilometers (3,975 miles)- have rested for 19 years. 

As Mars rotates beneath the spacecraft, a suite of onboard instruments will 
record detailed information. Detectors will measure radiation - visible and 
infrared- from the surface to determine the minerals that make up Mars. 
These same instruments will record radiation from the thin Martian 
atmosphere, gathering data about its changing pressure, composition, water 
content, and dust clouds. By firing short pulses of laser light at the surface 
and measuring the time the reflections take to return, a laser altimeter will 
map out the heights of Mars' mountains and the depths of its valleys. The 
camera system will use wide and narrow angle components to record 
landforms and atmospheric cloud patterns. Another sensor will look for a 
Martian magnetic field. As the telecommunications subsystem transmits 
information back to Earth, engineers will use the signal of the orbiting 

A-3 



19 

spacecraft to derive knowledge about the planet's atmosphere and 
gravitational field. 

Global mapping operations are scheduled to last 2 years. By the time these 
operations are over, MGS will have obtained an extensive record of the 
nature and behavior of the Martian surface, atmosphere, and interior. Such a 
record will aid in planning more specialized explorations that might involve 
robots, scientific stations deployed to the Martian surface, soil sample returns 
to Earth, or perhaps even human landings. Just as important, this record will 
help us understand our own planet, Earth, from a comparative perspective. 
More information on the Mars Global Surveyor mission is available on the 
World Wide Web at http:/ /mgs3.jpl.nasa.gov/. 

Mars '96 
Mars '96 is a very comprehensive mission addressing a broad range of science 
questions, and making a variety of pilot measurements on the surface that 
will be useful for the design of subsequent more definitive experiments. It 
will consist of an orbiter and four landers (two surface stations and two 
penetrators); the penetrators and landers will be released to the surface shortly 
before the orbiter is injected into Mars orbit. Russia is planning to launch 
Mars '96 in November 1996 and expect it to arrive at Mars in December 1997. 

The primary U.S. participation in Mars '96 will be the provision of two copies 
of the Mars Oxidant Experiment (or MOx), one of which will be part of each of 
the two surface stations; the two surface stations are slated to land in Mars' 
Amazonis Planitia, at sites centered on 41.3 N, 153.6 W and 32.5 N, 169.3 W. 
The objectives of the landers are to determine the vertical structure of the 
atmosphere at the landing sites, to determine the chemistry of the materials 
at the sites, and to make prolonged magnetic, seismic, and meteorological 
measurements. To meet these objectives each lander carries a variety of 
instruments. 

The MOx is designed to return information about the nature and rate of 
chemical reactions in the Martian soil and atmosphere. By exposing a series of 
coated fiber-optical detectors to the regolith close to the lander, the MOx will 
attempt to study the oxidant(s) apparently responsible for elimination of 
organic matter from the upper Martian regolith. 

Mars Global Surveyor has an antenna supplied by France that will help relay 
the data from the four Russian landers.· The U.S. MOx science team is chaired 
by Dr. Christopher McKay of NASA/ Ames Research Center. For more 
information about Mars '96, see the World Wide Web page at 
http:/ /www.iki.rssi.ru/mars96/mars96hp.htrnl. 
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1998 Missions 

Mars Orbiter '98 
This Mars orbiter (to be launched in December 1998) will carry an advanced 
technology optical camera to take global maps of the surface and an 
atmospheric instrument to measure temperature profiles. The orbiter will be 
designed to document daily weather patterns, study the icy southern polar cap 
of Mars and conduct a more highly focused search for water in the Martian 
soil. International participation involves Russia's provision of optics for the 
atmopsheric sounder instrument and of the United Kingdom's provision of a 
pressure modulator infrared radiometer. 

The 1998 orbiter will be just one-half the weight of Mars Global Surveyor, an 
orbiter that will be launched in 1996. During and after its primary science 
mission, the 1998 Mars Surveyor orbiter also will serve as a data relay satellite 
for the companion lander and for future NASA and international lander 
missions to Mars. 

Mars Polar Lander '98 
This lander (to be launched in January 1999) will deliver a high resolution 
camera and a meteorological package to the surface of Mars. Known as the 
1998 Mars Surveyor Lander, this mission will be the first ever sent to the 
polar regions of Mars, where it should encounter layers of icy terrain that 
represent a preserved record of the planet's climate history. The 1998 lander 
will be just half the weight of the 1996 Mars Pathfinder, the smallest planetary 
lander yet constructed. 

A laser-ranging device, or lidar, for this mission will be provided by Russia. 
Measurements from this device should help us better understand the 
relationship between the amount of dust and aerosols in the lower-most part 
of the Martian atmosphere and the planet's regional weather conditions. In 
addition to this important science goal, this lidar will be the first Russian 
instrument to fly aboard a U.S. planetary spacecraft, so it represents a new 
degree of international cooperation in the exploration of our solar system. 
For the NASA-developed Mars Volatile and Climate Surveyor package, 
Germany is providing a robotic arm camera, Finland is providing custom­
made pressure sensors, and Denmark is providing a magnetic properties 
experiment. 

The 1998 Mars Surveyor Lander also will carry a U.S.-provided lightweight 
camera to take images of the surrounding terrain during the spacecraft's final 
descent, and an integrated surface science payload that includes a mast­
mounted imager, a meteorological station, a soil composition analyzer and a 
robotic arm to dig trenches in the icy soil of the south pole. 
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Planet B 
The Japanese Planet B mission is planned for launch during the 1998 Mars 
launch opportunity. :Ifie primary scientific objectives of this mission are to 
study the Martian upper atmosphere and its interaction with the solar wind 
through three sets of experiments. The first set of experiments will measure 
the structure, composition and dynamics of the ionosphere, the effects of 
interaction of the upper atmosphere with the solar wind, and the escape of 
atmospheric constituents. The second set of experiments will measure the 
intrinsic magnetic field, the penetration of the solar-wind magnetic field, and 
the structure of the magnetosphere. The third set of experiments will 
measure dust in the upper atmosphere and in orbit around Mars. Among the 
numerous instruments that will employed to perform this wide range of 
measurements is a U.S.-supplied neutral mass spectrometer which will 
measure the elemental and isotopic composition of the upper Martian 
atmosphere. 
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STATEMENT OF LT. GEN. THOMAS STAFFORD, STAFFORD, 
BURKE, AND HECKER 

General STAFFORD. Thank you, Mr. Chairman, and Members of 
the Subcommittee. It's a pleasure to--

Mr. SENSENBRENNER. Please turn on the mike. 
General STAFFORD. Mr. Chairman, Members of the Subcommit­

tee, it's a pleasure to appear before the Subcommittee again in 
reply to your request to address the subject of the future explo­
ration of Mars and a strategy for that exploration beyond the year 
2005. 

As you outlined, from 1990 to 1991, I had the privilege of 
chairing an independent group to gather data from all around the 
Americas and to synthesize it and formulate plans for America to 
return to the moon and start the initial exploration of Mars. 

Our task was to establish the architecture for the exploration, 
the key technologies, and the important first steps. 

Our report, "America at the Threshold," completed these tasks 
and established a vision for the future of space exploration for 
America. 

I led an in-depth presentation before this very Subcommittee and 
submitted copies of the report here, "America at the Threshold," at 
that time. We furnished additional copies here today. 

After your request for me to appear, Mr. Chairman, I contacted 
the senior members of my group to ask if there are any differing 
views of opinion since the time it was put together. And by and 
large, the consensus was that the findings that we had then are 
as much valid today as they were then. 

Your call for this hearing is most timely in initiating a review 
of future missions to explore the Red Planet. 

Our space program has made much progress since that review in 
1991. This hearing presents a welcome opportunity to revisit this 
issue. I'm grateful to you for initiating this significant inquiry. 

To carry out such a visionary undertaking, I believe now, as 
then, that a plan must be established that includes technology de­
velopment, a sound scientific strategy, and both robotic and human 
spaceflight. 

It is not my intention to set priorities among programs, but, 
rather, identify logical arrangements of program elements that can 
support space exploration. I am not advocating that the exploration 
of Mars become "the next NASA program," but, rather, the explo­
ration of Mars itself become the crown jewel for the exploration of 
space. 

We identified several key technologies that are necessary to suc­
cessfully undertake the exploration of Mars. It is important to note 
that America's ability to return to the moon and to begin the explo­
ration of Mars depended upon two fundamental technologies-the 
restoration of a heavy-lift launch capability and the redevelopment 
of a nuclear thermal rocket. This nation had both of those capabili­
ties in the early 1970s. These two areas plus 12 other technologies 
are discussed in detail. 

NASA will need strong legislative branch support because the 
challenges of this endeavor to explore Mars cannot be accomplished 
without it. 
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What kind of exploration effort can be initiated on a constrained 
budgetary environment? 

There are two points I would like to make. The first, if we want 
to wait until we have a budgetary surplus, I'm afraid that we'll 
never take this bold, imaginative step. But it does not require a lot 
of money to get started and a small amount will generate a lot of 
leverage today. 

Our report highlights that the technologies required can be de­
veloped largely through refocusing ongoing efforts in government 
facilities and encouraging private industry to apply some of their 
resources. 

To have this happen, there needs to be additional money specifi­
cally appropriated for space science and human exploration in the 
NASA budget. 

My second point is that in our study process, we anticipated that 
cost concerns would arise over the life of a Mars exploration effort, 
no matter how modestly that it began. And the architectures that 
we developed were executed in an incremental manner so that the 
Congress can review each increment with the knowledge that the 
architectures could be modified, the architectures could be termi­
nated any time, and a useful activity will still have been achieved 
and significant benefits will be obtained therein. 

International cooperation is an important issue to be addressed. 
Sharing the development and operational costs with other nations 
will definitely reduce our costs. However, I believe that before en­
gaging in discussions with potential international partners, we 
should first establish the exploration of Mars as part of our na­
tional strategic plan. 

Mars exploration will rejuvenate our sense of challenge, our 
sense of competitiveness, and of national pride. As Americans, we 
must ask ourselves what our role will be in the human exploration 
of the solar system-to lead, to follow, or just step aside. 

Let me emphasize that the safe and affordable exploration of 
Mars should not be our only goal, it should be our national pur­
pose. 

I hope that these recommendations will be the basis for a na­
tional commitment to education, to research, and to space explo­
ration. 

You and your Subcommittee, Mr. Chairman, are essential to that 
national commitment. I would earnestly hope that these hearings 
being held will be just the first step in reaching the consensus nec­
essary to make a national commitment a reality. 

Armed with this commitment, we can then meet the challenges 
of the next millennium to carry the mantle of world space leader­
ship and then, through a series of bold and imaginative steps, blaze 
new trails into the 21st century. 

Our destiny demands no less. 
Thank you, Mr. Chairman, and I welcome the opportunity to an­

swer any questions of you or the Members of the Committee. 
[The prepared statement of General Stafford follows:] 
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Statement of 

Lieutenant General Thomas P. Stafford 
' USAF (Retired) 

before the 

Subcommittee on Space and Aeronautics 

Committee on Science 

U.S. House of Representatives 

September 12, 1996 

Mr. Chairman and Members of the Subcommittee: 

It is a pleasure to appear before this subcommittee again and to reply to your request to 
.address the subject of the future exploration of Mars and a strategy for Mars explorations 
beyond 2005. 

In 1990- I 991, I had the privilege of chairing an independent group, with the goal of 
gathering and synthesizing data and ideas from all interested parties. We were then to 
formulate a plan for America to return to the Moon and start the initial exploration of 
Mars. 

To carry out this task, I assembled a team that cq,nsisted of representatives of NASA, the 
Department of Defense, the Department of Energy, the National Geological Survey and 
other interested Federal Agencies. Our task was to establish the architecture for 
exploration, the key technologies, and the important first steps. Our report, "America at 
the Threshold," completed these important tasks and established a vision for the future of 
space exploration for America. I led an in-depth presentation before this committee and 
submitted copies ofthe report to the hearing record at that time I have furnished 
additional copies of the report to the subcommittee today. 

Your call for this hearing is most timely in initiating a review of future missions to explore 
the Red Planet. Our space program has made much progress since your last review. This 
hearing presents a welcome opportunity to revisit this issue. I am grateful to you for 
initiating this significant inquiry. 

To carry out such a visionary undertaking, I believe now, as I believed then, that a plan 
must be established that includes technology development, a sound scientific strategy, and 
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both robotic and human spaceflight It is not my intention to set priorities among 
programs, but rather to identifY logical arrangements of program elements that can 
support space exploration . I am not advocating that the exploration ofMars become "the 
next NASA program," but rather that the exploration of Mars itselfbecome the crown 
jewel for the exploration of space. 

"America at the Threshold" defined what we do- not specifically how we do it. Each 
architecture envisions activity on both the Moon and on Mars. We called for a return to 
the Moon early in the new century, and a human trip to Mars in the second decade of that 
century. 

2 

We identified several key technologies that are necessary to successfully undertake the 
exploration ofMars. It is important to note that America's ability to return to the Moon 
and to begin the exploration of Mars depends on two fundamental technologies : 
restoration of a heavy lift launch capability and redevelopment of a nuclear thermal rocket. 
This nation had both ofthese capabilities in the early 1970's. These two areas and twelve 
other technologies are discussed in detail in the report 

NASA will need strong legislative branch support because the challenges of this endeavor 
:cannot be accomplished without it 

What kind of exploration effort can be initiated in this constrained budgetary environment? 
There are two points I want to make. First, if we wait until we have a budgetary surplus, I 
am afraid we will never take this bold, imaginative step . But, it does not require a lot of 
money to get started and a small amount now will generate much leverage. Our report 
highlights what technologies are required and that they can be developed largely through 
refocusing ongoing efforts in government facilities and encouraging private industry to 
apply some oftheir resources. For this to happen, there needs to be additional money 
specifically appropriated for space science and human exploration in the NASA budget. 

My second point is that in our study process, we anticipated the cost concerns that would 
arise over the life of the initiative no matter how modestly it began. That is why we 
formulated the architectures so that they can be executed in an incremental manner. 
Stated another way, the Congress can review each and every increment with the 
knowledge that the architecture could be modified or terminated at any time and useful 
activity will have been achieved and significant benefits attained 

International cooperation is an important issue to be addressed. Sharing the development 
and operational costs with other nations will reduce our costs. However, I believe that 
before engaging in discussions with potential international partners, we should first 
establish the exploration of Mars as part of our national strategic plan for space 
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Space Exploration will rejuvenate our sense of challenge, of competitiveness, and of 
national pride. Benefits from space and the technologies needed to journey there become 
increasingly important in the next century. As Americans, we must ask ourselves what our 
role will be in the human exploration of the solar system: to lead, to follow, or to just step 
aside. 

Let me emphasize that the safe and affordable exploration of Mars should not only be our 
goal, it should also be our national purpose. I hope that these recommendations will be 
the basis for a national commitment to education, to research and to space exploration. 
You and your subcommittee, Mr. Chairman, are essential to that national commitment. 

It is a feasible undertaking requiring our national commitment. I would earnestly hope 
that these hearings would be but the first step in reaching the consensus necessary to make 
that national commitment a reality. 

Armed with this commitment, we can then meet the challenge ofthe next millennium "to 
carry the mantle of world space leadership and, through a series of bold and imaginative 
steps, blaze new trails into the 2 I st Century " 

Our destiny demands no less. 

Thank you Mr. Chairman . I welcome the opportunity to answer any questions you and 
the members ofthe subcommittee may have. 
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Mr. SENSENBRENNER. Thank you very much, General Stafford. 
The next witness will be Dr. David S. McKay, Assistant for Ex­

ploration, Earth Science and Solar System Exploration Division, at 
the Johnson Space Center of NASA. 

Dr. McKay? 

STATEMENT OF DR. DAVID S. MC KAY ASSISTANT FOR EXPLO· 
RATION EARTH SCIENCE AND SOLAR SYSTEM EXPLORATION 
DIVISION JOHNSON SPACE CENTER NATIONAL AERO­
NAUTICS AND SPACE ADMINISTRATION 

Dr. McKAY. Mr. Chairman, and Members of the Subcommittee, 
it's certainly my pleasure to be here today to discuss the results of 
our two-year investigation of this meteorite. The meteorite is on 
the table here in front of me, a piece of it provided by the Smithso­
nian. The rest of the meteorite is at Johnson Space Center in Hous­
ton. 

What I want to talk about today is a detective story. 
We went through a very interesting chain of logic to come to our 

conclusions. The conclusions are controversial. We're the first to 
admit that. But we think that they are valid with the kind of data 
that we have. 

First of all, my team consisted of myself, Everett Gibson, Kathie 
Thomas-Keprta of Lockheed- Martin. We also had a partnership 
with Stanford University, Dr. Richard Zare, who is on my right. 

The publication came on August 16th, and there's a copy of it at­
tached to the testimony. 

What we did was, first of all, go through the evidence that this 
rock is actually from Mars. And that evidence consists of really two 
basic things. The chemistry of the rock itself is unique, but shared 
by 11 other rocks that we know about, meteorites. 

That chemistry is different from any earth chemistry, particu­
larly for things like oxygen isotopes. And that chemistry defines a 
tight family of rocks, which came from some place other than the 
earth or the moon. 

It turns out that one of these, no. 79001, is a Rosetta Stone 
which has not only this unique chemistry, but which also was 
shown to be identical in composition to the Viking data from 1976. 
That is, the gases analyzed were identical to the Viking data. 

So that we believe that the evidence is now overwhelming that 
these 12 rocks, six of which were found in Antarctica, come from 
Mars. 

Now we started looking at this rock two years ago and we noted 
a number of important features. The first is the rock contains tiny 
bits of carbonate, like limestone or calcite. And these carbonate 
grains have very unusual textures. They're zoned. They're circular 
or pancake-shaped. 

And so we started analyzing these, along with some other 
groups, and we found that these carbonates were formed on Mars. 
They had a unique composition that meant they were formed on 
Mars. They had unique textures. And as we looked at these carbon­
ates more carefully, we found that they contained very tiny min­
erals--oxides of iron magnetite, and oxides of sulfur-not oxides, 
but iron sulfides of different kinds. 

So we analyzed these minerals. 
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Well, it turns out that these tiny minerals are very similar to 
minerals which are made on the earth by bacteria, certain kinds 
of bacteria. 

Another thing we found was that the rock itself in the area of 
these carbonate grains contained organic molecules. And Dr. Zare 
will talk a little bit more about those. But these organic molecules, 
called polycyclic aromatic hydrocarbons, are found everywhere on 
the earth. They're products of combustion of coal and so forth. 

But the ones in this meteorite are fairly unique and have a 
unique fingerprint. We have deduced or we have interpreted that 
they're formed by the decay of possible organic matter in this mete­
orite. 

And then, finally, the thing that we saw that was drawing the 
most public attention were these tiny structures which we inter­
preted as possible microfossils from Mars. This is perhaps very con­
troversial. 

We're now taking additional steps to establish whether indeed 
these are microfossils from Mars. 

So it's a combination of those four lines of evidence that have in 
fact provided us with the interpretation that we're dealing with 
with possible fossil life. Whether or not we're ultimately proved 
right or wrong, we believe that the study of these Martian meteor­
ites will set some new standards for the search for life in our solar 
system. They're pushing the state of the art in analytical tech­
nology and efficient use of small amounts of material. 

The studies will develop techniques and force instrument ad­
vances that can be used very profitably in the future to investigate 
samples brought back not only from Mars but from comets, from 
asteroids, and from satellites of other planets. 

So, if I might make an analogy, just as the whole area of chemi­
cal, analytical technology took a major jump forward during the 
Apollo days, after the lunar samples came back, I am confident 
that the quest for evidence for life on Mars will force some major 
improvements in this technology for the fields of chemistry and 
microbiology. 

So, Mr. Chairman, that concludes my statement. I'd be happy to 
respond to any questions which you or the Subcommittee might 
have. 

[The prepared statement of Dr. McKay follows:] 
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Statement of 

Dr David S. McKay 
Assistant for E: .. :ploraoon 

Earth Science and Solar System Exploration Di\is ion 
Johnson Space Center 

National Aeronautics and Space Administration 

before the 

Subcomrninee on Space and Aeronautics 
Comrninee on Science 

U.S. House of Representatives 

September 12, 1996 

Mr. Chairman and Members of the Subcomrrunee: 

It is my pleasure to be here today to discuss the results of the two-year investigation co-led by myself and 
Dr. Everen Gibson of NASA's Johnson Space Center and Kathie Thomas-Keprta of Lockheed-Martin, 
¥.ith major collaboration of a Stanford team headed by Professor of Chernistl)' Dr. Richard Zare, as well 
as six other NASA and university research partners. The results of this research were published 
in SCIENCE on August 16, 1996, Vol. 273 . pages 924-930. A copy of the article is appended to my 
statement. 

We believe that we have found a number of lines of evidence in a meteorite from Mars which could be 
interpreted as remains of early life on that planet. This meteorite. ALH8400 1. was found in Antarctica 
by a joint NASA/NSF field party in 198~ . It was brought back to the Johnson Space Center where it was 
originally classified as another kind of meteorite. a diogenite. This rnisclassification occurred because 
only a small chip was used and the chip did not contain some of the unusual features of the whole 
meteorite. In 199~. David Mittlefehldt, a planetary researcher at the Johnson Space Center studied this 
rock along ~th other diogenites and discovered. based on chemical analyses of minerals and detailed 
study of thin sections, that this meteorite was not a diogenite but was a member of the SNC family of 
meteorites which has recently come to be accepted as corning from Mars. This family now includes 12 
meteorites, half of which were found in Antarctica. Several lines of evidence link these SNC meteorites 
closely together including their o: .. :ygen isotopes which are as distinctive as a fingerprint and are clearly 
different from any earth rock, moon rock, or other kinds of meteorites . One member of this closely linked 
family, ETA 79001, was discovered to contain gas trapped in small glass pockets by the impact which 
ejected it from Mars. Detailed analysis of this trapped gas showed that it was identical to the gas of the 
Mars atmosphere as measured by the two U. S. Viking spacecraft which landed on Mars in 1976. This 
match was nearly perfect. This meteorite became a kind a Rosetta Stone which linked the atmosphere of 
Mars to the SNC family of meteorites. 

We initiated a detailed study of this meteorite once we realized it was a new Mars meteorite. Using 
radioactive isotopic age methods. other researchers found that the rock was formed 4.5 billion years ago 
and was part of the early crust of Mars. The rock was banered by nearby meteorite impacts so that it now 
contains shanered zones caused by those impacts. At some point in time, estimated to be 3.6 billion years 
ago by one group, the rock was invaded by water containing mineral salts which were precipitated out in 
cracks to form small carbonate globules which had intricate chemical zoning. Another group has now 
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estimated that these carbonates may be younger, perhaps between I and 2 billion years old. In any case. 
about 16 million years ago. an object from space. possibly a small asteroid or comet, impacted Mars and 
blasted off some rocks from the upper few kilometers. The time spent in space is estimated by analyzing a 
number of isotopes which were formed by the hard radiation. cosmic rays, which are everywhere in space. 
One of these rocks traveled in space until it got close enough to the earth that it was captured by the 
earth's gra\ity and fell to the 1ce m Antarctica. Age dating using carbon-I-t methods showed that this 
rock has been on the earth about 13000 years. presumably on or inside the ice sheets in Antarctica. 

We analyzed the carbonate globules in this rock using two electron microscopes and an electron 
microprobe at Johnson Space Center. We also sent a small chip of the rock to our colleagues at Stanford 
Universi ty led by Dr. Richard Zare, who analyzed the chips for a specific kind of hydrocarbon, called 
polycyclic aromatic hydrocarbons or PAHs for short. This analysis was performed using a laser e~:traction 
system and laser excitation system which is unique to Stanford and is capable of exceedingly sensitive 
analysis of these hydrocarbons. 

We found that the carbonate globules contained very small crystals of an iron oxide (magnetite) as well as 
at least two kinds of iron sulfide (p~nhotite and another mineral. possible greigite). Small crystals of these 
minerals are commonly formed on earth by vanous kinds of bacteria. although they can also be formed by 
completely inorganic processes. Another kind of iron sulfide, pyrite, is also found in the rock but the 
crystals appear to be a thousand times larger than the pyrrhotite and greigite crystals. In addition, we 
found a complex zoning in which the manganese was most concentrated in the center of each carbonate 
globule, and most of the larger globules had rims consisting of iron-rich carbonate. magnesium rich 
carbonate. and iron-rich carbonate again The compositional variation of these carbonates is not what 
would be ex-pected from high temperature equilibrium crystallization, but is more like low temperature 
crystallization (0 to 80 degrees centigrade). It is also consistent with formation by non-equilibrium 
precipitation induced by microorganisms. 

The Stanford group found an unusually high concentration of hydrocarbons (PAHs) on the chip surfaces 
where the carbonates were common. These P AHs have a pattern or fingerprint which is unusually simple 
compared to most PAHs that we are familiar \vith, including PAHs from the burning of coal. oil , or 
gasoline or the decay of vegetation. Some other meteorites contain PAHs. but the pattern and abundances 
are usually rather different from those found in the martian meteorite. The presence ofPAHs is by no 
means an indication of past or present life forms. PAHs can be formed by strictly inorganic chemical 
reactions and abundant P AHs were formed in the early solar system and are preserved on some asteroids 
and comets. Meteorites from these objects fall to earth and enable us to ar!alyze the P AHs contained 
within the parent bodies. While some of these are similar to the P AHs that we found in the martian 
meteorite, all show some major differences. One reasonable interpretation of the PAHs is that they are 
decay products from bacteria, and therefore an indication of some kind of past life within the meteorite. 

Another feature which we found within the meteorite is the presence of unusual. very small objects or 
forms. which could be interpreted as the remains of microorganisms or microfossils. These spherical. 
ovoid, and elongated objects closely resemble the morphology of known bacteria. but many of them are 
smaller by a factor of 2 to 3 than any known bacteria on earth. Furthermore, microfossil forms from very 
old earth rocks are typically much larger than the forms that we see in the Mars meteorite. Unfortunately, 
we do not yet have good chemical data or thin section electron microscope data so that we cannot verify 
that they are indeed microfossils. We recognize that there may be several other possible ex-planations. The 
microfossil-like forms may really be minerals and artifacts which superficially resemble small bacteria. 
We do not believe this to be the case for most of the forms that we have seen, but additional detailed 
studies with the electron microscopes may resolve that question. Next, why are they smaller than known 
bacteria or known fossil microorganisms? Perhaps conditions on Mars such as lower gravity and more 
restricted pore space in rocks promoted the development of smaller forms of microorganisms. Or perhaps 
such forms exist on earth and in the fossil record but have not yet been found . If the small objects which 
we see are truly microfossils. are they really from Mars. the contamination from our lab, or from 
Antarctica? We have looked at many other kinds of material in our lab and have never seen forms 
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resembling the ones we found in the martian meteorite. We believe that we can eliminate laboratorv 
contamination as a source of these microorganism-like forms. Little is kno\\n about microorganis~s 
associated with the big ice sheets of Antarctica. although rocks. soils. and lakes near the coast have 
abundant microorganisms. and we have studied some of these other Antarctic samples and their 
microorganism populations. Our studies so far show that the other Antarctic samples do not contain 
PAHs or microorganisms which closely resemble those found in the martian meteorite. 

New data shows that the martian meteorite may contain other types of microorganism-like forms which 
can be revealed by etching the rocks. These forms include sheath-like hollow spheres. delicate 
membrane-like material which may be related to cell structure. and other unusual features within the 
shock-fractured zones of this meteorite. Clearly additional data are needed 
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Where are we now? Our paper published in Science contains a number of lines of evidence, each of 
which can be interpreted as relating to some other cause, but which taken together can be interpreted as 
evidence for possible early life forms on Mars. We have seen nothing since the publication of the paper to 
cause us to abandon this interpretation. although other interpretations have been forcefully advanced by 
the scientific corrununity. We are currently trying to find cell walls in the microorganism-like forms. We 
are also studying terrestrial microorganisms in a variety of environments, both present day and fossil. We 
are also looking at bacteria and their products formed in the laboratory. We have found examples of 
carbonates formed with the help of bacteria and we are comparing these carbonates to the martian 
carbonate globules. We are pursuing the question of what is the lower size limit for bacteria. We are 
forming several consortia and will work with scientists from other institutions and other countries to 
continue this research. 

Have we found past life on Mars? The answer is neither yes or no. leaving a strong maybe. We still argue 
that past life on Mars is a reasonable interpretation of the data on hand. We believe there is considerable 
evidence in the martian meteorite that must be explained by other means if we are to definitely rule out 
evidence for past martian life in this meteorites. So far, we have not seen a reasonable ex-planation by 
others which can ex-plain all of the data. 

In my view, the question of past life on Mars may never be completely resolved by additional detailed 
studies of this meteorite, although such studies are clearly necessary. Each of the other 12 meteorites 
from Mars should also be carefully studied. Perhaps they might contain additional or alternative evidence 
of life on Mars. The question of life on Mars, whether fossil or existing, \\ill never be completely solved 
until we can bring back the right samples from that planet. 

The study of these martian meteorites \\ill set new standards for the search for life in our solar system. 
These studies will push the state-of-the-art in analytical technology and promote efficient use of very 
small amounts of material. These studies \\ill develop techniques and force instrument advances that can 
be used very profitably in the future to investigate samples brought back not only from Mars but from 
cornets, asteroids, and satellites of other planets. Just as anal)tical instrument technology took a major 
advance when the lunar rocks were brought back. so will the quest for evidence of life in Mars meteorites 
and returned samples also cause improvements and advances in chemistry and microbiology. 

Mr. Chairman, this concludes my statement. I would be happy to respond to any questions which you or 
the Subcommittee members may ha,·e at this time. 
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Search for Past Life on Mars: 
Possible Relic Biogenic Activity 
in Martian Meteorite ALH84001 

David S. McKay, Everett K. Gibson Jr., 
Kathie L. Thomas-Keprta, Hojatollah Val1 , 

Christopher S. Romanek, Simon J. Clemett, 
Xavier D. F. Chillier, Claude R. Maechling, Richard N. Zare 

Fresh fracture surfaces of the martran meteorrte ALH84001 contarn abundant polycyclrc 
aromatrc hydrocarbons (PAHs). These fresh fracture surfaces also drsplay carbonate 
globules. Contamrnatron studres suggest that the PAHs are rndrgenous to the meteorrte 
Hrgh-resolutron scannrng and transmrssron electron mrcroscopy study of surface tex­
tures and rntemal structures of selected carbonate globules show that the globules 
contarn frne-grarned, secondary phases of srngle-domarn magnetrte and Fe-sulfrdes The 
carbonate globules are srmrlar rn texture and srze to some terrestrral bacterrally rnduced 
carbonate precrprtates Although rnorganrc formatron rs possrble. formatron of the glob­
ules by brogenrc processes could explarn many of the observed features. rncludrng the 
PAHs The PAHs,the carbonate globules, and !herr assocrated secondary mrneral phas­
es and textures could thus be fossrl remarns of a past martran brota 
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mc. l ..,n l l'~l m CM2 C.l rhnn.Keou" chnndrttL'' 
( J 4 ) Cnn..,eque ntlv. rh ~: carhnn.tt e" m 
A LH:· .. ·k•0 1 .m~l thl.· CM2 tnl..'t t:l)flrl'' Me 

hell l'\l'J r~~ h.t\l' hL"e ll tnmu:d h~ .14Ut.'1,U~ 
prPC I..''~l·~ (In r.lrenr hndn:-. T ht: 81 ic tn 
tn. trt i.H1 lnc te l\ rl [l' L ,trh1n.H ~ ' r.tn!.!C' trnm 
-II,, , •42 rcr rn rl (/2. 15. /6) Thr' 
r.1n:..:l· , ,, 1 ·c ... . due-.e 'Lt.'L'J.., rh t.: r. tn !_!l.' 11f 1 ;C 
2C nl.:'r.lll.:'ll hy mu-. r r c rre~ rn.\1 1nort!,1ntc rm­
ct:"l.;-.l/ 7 I~) !\ltern,HI\ l' ly , hhl).!t.' niC rrn­
(t:"L'' ,l[l.:' kn1l\\l) (II rrtldliLe "'IJl· r,tn!_!C~ In 

S' 'l' ''" E.mh i/V ! L' \ 
.o\ LI 1~4001 .>rmcd " " E.mh ll.OOO 

\L,lr • 1~, , ( 15 21) .tn~l •lj 'J"l:.H' I • • ''L e'~l.:'\1-
(l ,dl\ rr ~..:c tll tcrrl:, tn .d Wl'.n h ~..·mH..: (8 ) 

AL H:·..:-h.'01 lllll' ' 11111 h o~\ L' rhe ~,. ,uht•n ~~~~· 
rnp t~.. u'mrn!:>lt llln' 1\ plc .t lh .b-.oC iilt eLI \\'lth 
we.nh ~,. r ~..: l i metu lrl tc-. (I 2. 15L .tnll llcr.11kJ 
mm~..· r.d t •~K .d 'rtlllll:" (S) 'hn\\ rh.H 
ALH ,\4l)0 1 h<1:- nnr ht:en :. l:,!ntiiCr\nrl\ at­
llLfL·,I h ll"rrl"'HI.d \\ 1..',tth1..·r11 l~ r r~'ll'"t' ' 

-\LI I"'·k\ 1 1 ~, .. 'L'Il\1..'\\h,l r ttt.1hl...- .mll 
h reo~l-. rei.HI\ 1..·h l..',l~tl\ .don~ rr l'l'\l:Ot tn :,: 
t'r.tLiul c• It I' ( h e~e lr.tcru rc :-urt ,.h,:e:-. rh.u 
J 1,r l.l\ tht· L .lr h~· n.H t: .!..! lt)hu l e~ '~le .m.t ly:eJ 
tre:::hh h1lkc:n trd(turt: ~u rt.c1 ce~ " n sma ll 
ch1p' o1! -\. LH :..•h)llJ fm r~ ·lyqd 1 c ,trtmMrtc 
hhlrtl1...1r!'Pn' ( r A H, ) ll'II1J.! .1 mtLr•lpruht.· 
rwn-'r'-·1' lc1~l'r m,,,.., :-recrrntnetl.:'r ( J.I.L · MS) 
(22. .: ; \ 

Po" c\'clic aromartc hvdrocarbons Sr a­
ttdl ~..lt -.mhutl tl n m .tp~ 1,1 1nJ1\'1du.l l PAH~ 
11n n ue rt~ 1r tr. ldllf l~ , ur t. .. ..:: e-. PI .A. LH84001 
Je lli••1 H r.H.._ dt,lt hl 1rlt t11t.d P.A.H .t hun­
J .mu· .nhl rhe r~!dtt\'L' 1men,1t1e::. 1tt mJ I­
vtJu.d 'f't:LIL'~ h,t\t: ..t h~..·ten,ge nenu" J 1strt­
hut1nn .tr rh,:- iC- j.J. m !'C,lk Tht-. Jt ~ trt huunn 

iipre,tr-. r11 hl' (lln~l,tenr Wt [h r clfll ;l ] geP­
ch rLllll.l [ ll~ r. lrh u; tnPhtll :du un nt' thl· PA H:­
(2 4 ) Th .... ,i\ l'r.l~e r A H cunn :nr r.HtP11 Ill 

rht: IIHt:fltlf lr.u .. ru rl' :-ttddLI.:'' 1~ ~ :-t 11 n.Ht:J fl l 
he In L"'(l..:" Ill 1 rd rr r e r mdhllll (25) The 
PAH -. \\1..' rc to1u nd m h1ghe~ r ctmccnr rauun 
111 1l:..! l· •n· n~..h 111 ~,. .l r h~~n.trl. .. 

From .1\t:r.tL:l'J ' r ectr.t \h' 1Jenr1hed rv. 1, 
grtH I J'II'~' ut rAH ~ h, 111.1:lo~ (F1:,! lA). A 
tn1J dl e-m.l!:l~ envelurc nt 178 t11 276 dh1mtc 
ma~-. unu !:l (amu) J omtnares and ts com­
pn ... ell nhhrl \' nf ~ ~mr le 3- tl) 6-r tn:.! r AH 
, ke let nlh wtth ~lkv iJteJ hnmn lo~~ .lCCuunr ­
mg lnr le~s rhan 10% of rhe rota! mregrared 
>rgn.rl rnrensrrv Prrncrpal peaks at 178, 202, 



- ·"· ~5 2, and 278 amu are assrgneJ h_"~ 
. nam hrenc (C,"H, 1,l. r vrene ~CH,H 1 ~..,), 

chrv..,t·ne (C 1 ,H, ~). pcrvlcnt· 11r f-,cn:or\ 

rene (C :cH 
1

_,). .md .mrh.mrhr~Kene 
(C .• H 1 ,) (2(1) A. ... L' C11nd wc .1k. Jlllu'l' 
h rg·l~ -m;._~ en\·t·l,,re exrenJ~ tn)m :1hout 300 
rn hq,.unJ 4Sl' .~mu The re.1k densrrv r:-. 
h r ~h ,U)J ..,hp\\;:. .1 ri..'OPdiCIC)' 21( 14 rind 2 
.unu T h r ... J p,rnf",urrnn unpla:.;; rh,H rherc '' 

. I (I H n f'h::\ 1\)I,{IITC 11! r:\H' wh~,,..,e f'Mt'l1( 

... kl-lt·[lm ... h. l\1..' ,,]kvi.Hcll ..,,de ch.:~tn ... \' nh 
\.lf\'r ng lk.~rn_· .. 111 ddl\lir,,gt·n.~tltm, :-.pl'crl 

rc <1:-.:-. r~nmenr, .:ne ;1 mh-r:;unus 
c\)nr<lmm~TIIII1 chec-k:::. .1nd Clmtrnl e'\­

I'Cflll1l'n[' mliH...rrc rh.H d1c nht:r\'ed nr~.m­
IL m.Hcr~oll '' m,lt~.._-n,lm t11 ALHS4J0l 
ThL' (H.(ltlnliLIIII)n Ill rAH ... 1111 rhe Green­
l.md ret· ... hn:r ,,,cr 1hl· p.,, r 400 ve.lr~ h.1::. 
bl'l' l1 'rudn:d 111 1\..l' (11r~o.·, (!/) T he hlt.d 
CPnct:n(Tcl[llll1 Ill rAH, m chl' (l)ff..:<;; \<HI!.:::. 
ITI 1111 10 p.ub r~ r rrdl lll!1 fliT rremJu~r n.ll 

t lnlt:~ tl' I J:'clrt rcr h1ll 11m to r rc:cent ~nC1~1. 
~kf', l'il [ llln BL"C.HI'L' Ant.HCtiC(I 1s m rhe l e~~ 

mdu!!Iflclh:L"~.l ~.,u rhnn HL'm l' f'h~ re, we 
111.1\ l'Xf'l'lt rh.u Lllnccnrr.HIIlli' "( PAH~ 111 
Anr.HLtiL: 11....: l11.' h:nH·cn rhc!!L' tw11 lnnH!! 
Tl1l· r rn llM\ 'llliTLt.: nt r AH, 1:0. .~nd'H11f'lh 
o.:L"n•.._ l'llll,,lllli'. ''h1ch .u~..· ch.Ho~crefl :e~.i h\ 
c,r~..·n,l\ t' .dk, l.•r•· 'll ( -ll'-h,Jd '.!reJt~r rh.m 
rh 1t 111 rht: p.nc!H PAH ... ) t.?:...:) .mJ hv rhc 

Cl1l:.l' tll ..ihllhl.mt .Hil!l1,l{l( hl'[CTI.lC\· 

LIL',, rrun.u •h ~.l.ht:n:t 1 thlllf'ht:ne (C, ,H ..,S. 
[('-. 4 .nnu ) In cnnr T.I!!(. rh..: r.~H :- Ill 
ALHt'4001 .Hl' rre ... t.:nr .1[ rhl:' r.nr rer mil­
l .. >11 k-\ ~.I ~ l~.~ I• · I~,"' fllll1.' lu'.!ht.:r ~,_, 111. 

l.L"nt ro~t Hm) .m~.l 'hllv. lnrll' .l li..vi.Hhtn, .u·nl 
~l•h~o.·n:,lthltlf'lll..·n~..· wcl ... llllt tlh,c n cd 1n rtn\ 
111 rh~ ,, u n rl ~ ... ' ' l' 'ru~hc:~.l 

An.!lv:-1:::, PI .-\m J rc r'K ,,J! r dern:o.H~ ~,.,n a 
ht.:.l\ 1h Wl'Jth~..·re~.i metl'llrlft· (LE\X.' 8~1~0) 

A 

;;; 

£ "' 
~ 
iJ) 

150 
Mass(amu) 
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hv j.iL-'M5 J,J nnr sht)\\ the rr~'lence nt 
re rrest rL'l l rAH, v.nhm derecU~1n l1m1rs . 
whu.:h "ll)..:!.!t:'[' .Hl Uf'f'eT llllll[ h1r [t:TTC~[fld] 
Cllnr,mlln.Hltlf1 ot AL H84001 ul ! 11>1 l\.1e.l 
'llr~lllL'I1b tlf h111T ln[t:Titlr tr.l~m~.:nr' tlf [\~'' 

A nr.m._ tiC nrdm.Jr\ chond r~ re::; (A LHS301} 
J nd ALHS1101) ut rctro[,,glc cl,h~es Hb 
dnd L6 ~huw~.:J nu cnJen c~.: uf mJ q.,!e\1\lU'l 
PAH, Tht.·,l~ rt"rrt.·,t·nr eLJUI\',llenc Jesnrr· 
Tldn ln,Hrl'\ hJ.mk'. r rc\ IOU~ <;[udlt:S h,Wf.. 
~hll~\11 rh.H ntl m~.il,..:-cnnu' urg.m1.._ m.H~o.· n,l l 
I!! f'rC~t:nt In lllt'[etlrL[t'~ llf f't:'(rllk"'IJ;IC c\,h::. 
~~x UO) 

SruJ1e' 111 e'rennr fragment~ l1t 
:\ LH~4001 wHh mr.1cr lu::>1on cru:-r ~huv. rh~r 
1111 PAH, .u~.: prl"""t.:nt wuhm rhc tu:.um cru ... r 
LlT cl :one ..::\tcnJLng ln tll chc mrenPr nf rhc.:: 
m~ t enme tn .1 deprh ut -500 j..l.m (F1g I, B 
rh tnugh E) The PA H s.gnal mcreases wnh 
mc reas. ng J errh, levelmg oft at -1 "00 flm 
wl(hm the mcerH1T, well awav from the tus1on 
crust T1us cnncenrraoo n prof tie IS cons1srenr 
wl(h volard1:arwn and rvrolv'lts of md•genom 
PAH'~ dunng Jtlnt)srhenc enrn, of the mere­
nrue Jnd hmn.mon ol a tus1on crust (30). hur 
mc,m~1stenr \\Lth ce rresrnal mtruductlon lll 
mgan1c mcltl'Tial mro the mrcr11~r (11 
ALHS4001 ,lltlng crack::. and pnre ~race'~ Jur. 
mg hunrl l 1n rhe An rarc(lc 1ce sheer The,l' 
re:)ult'l mdiC;lTt: rhar the PAHs are md•genllU-:o 
tu ALHS4001 

N,, ev1dc:nce can be found iL)T l<~bPrahlr\­
ha~c:d cnnrJmmar1un lntrllduced Jurmg rn~­
ce-."111!.: S.1mrle ... ltlT ~n~h·s1s were rre-r::~rcJ 
.Lr rh~o. Ln.._rl,•rtt, .._lun l.1h' .H '-\.~-\ J .. h;t 
"m ::,p.KL' l~o.·ntrr .md o;c:~ l ed m Cllnrrlmer~ 
het'orc thl'\ \H.:rc trrlmrtlrted tn Sr.mtt~rli 

UnL\'er-:. lt\ A Clmratntn.Jtlun study CLmducr­
ed rnor ru ant~ lys 1 s o( rhe~e sample~ showed 
no ev1denc~ fnr any PAH contamm,1UPn 

•of B 
30 Mass178 

~ 
20 -

:£ 
10 

~ 
0 

0 .. 150 
, 0 

;; 

1:r 

Mass228 

£ ,, 
I 

U/l \Xh· .1\"1 conJuLtc~i ~'renmenrs m 
wh~<._h ~..hlf'' 111 ALIIb40Lll wt•rc cu ltured m 
11llfrH.'I1{ lll!,.'d iU ill t111dl'T ,ll"fl)hll .1nd <111l'Tll 
h1c Clllld!Titlll:O., Wl' lt'und thl' ~h1 p' t11 hv 
't~o.nil: 

\X'uh rlw U..l" tll rhc j.iL·f\tS rechniLJUl', 
rA H:- h.JH' hL:cn tlLUnd Ill .• WIJe r dnge ot 
C'\Cr<H~o::rre,u.JI matl'rl.d::., mcluJmg carbona· 
Ct'"ll" .md "rliii1.H\ chnndrllt:' ( 20), mrer . 
f'l.lnt't.H\ llu,f r.ITriCk·, ~~,; 32). .:'l nd tn{f:f· 
'rcJI.,r ~r.q~IHIL: :..;r.nn ... ( H l Eo~~.:h mJten:ll '' 
ch,lra..::r~.:ri:L'd hv JLt(l'TIIlg rAH dl::-o[nhu­
[1\'m retll'Lt1ng thl' d1tterenr env 1ronmenr' 
m v.hKh the P.A.H' hmncJ Jnd rhe1r suh. 
~l'LJUem L'VIIIlltltlf1 lh1r L ,,unrll' .. ~~a re~u lr 
td .ILJl l l'llll',l][~o.·r.Jtllll) ,\11~111K·rm.l[ ln('(,l\TIIlr 
rhl:-m) Clllllf'o lri:O.Il\1 ,,j th.: ln..tS'l dJ~[rlhU­
(Illn 11f PAH., uh,en~.:,! m AL Ht-.4001 v.uh 
rha( ul PAH, 111 orh~.:r 1.. \.fr,nc rrntri.JI mr~­

renab lmhc;'!fC<; th.H rht L.hl<;e;:-:,r m~rch '" 
v.nh rhc CM2 c.trhtHl.l\..l'tlll' ch, mdr•r~..· .. 
(34) The r . .>,H; m ALHo400 1, however. 
d1ffer m ~t..'\l'T;ll rc"rl·d, ln11n the CI\.C 
chtlndrUl'' Ll,\~-mrl "" rAH, :.tu._h (I~ n.Jph 
rhJ\ene (C .. H,. I ~b ,\IIlli I .md ;"!Cenaph thfl. 
len~.:: (C 1 .H .... 152 c~nHtl .1r~o. .Jhsenr m 
-\LHS40Cit. rhe mlll,lll'-m.,,, ~nvt:lnre 
~h,,\\, n11 .dk\l.lthln, .n11.l rhL· r~o.·I.HIV~ mren­
... m lll rh~o.· 1- .md l'-Tin~ r AH~ Jn~l thl:" 
reLHI\'t.: mtl'll'HV r1nJ u'mf'll',H\' l,f the ex­
ccndni h1~h-111cl:::,' d•,rr•hur11m Jre d1lterenr 

On E.mh. P:\H ... Hl' .• ~,1nd.mt a::- h1'!::-d 
m11lecuk·, m dnCit'nt ,l'Jimt"ma rv ruck .. 
(11.~1. 111~1 f'lT T~lk'l1111, \\hl'TL' thl.'\ .:Ue Jt:T\H'd 
lft>IJ' Lll1.11111...1l ,H,>II\.III:.HI• •ll 1ll h111hl~l\...J! 

rrn:ur"'"r' "'ll(h ,1.., tn,ITIIK pl.mkt•lll ~n~i e,lr 
h rl.mr hiL (35) In ,,1\.::h ,,nnpk,, PAH' Me 
t\f'lc.dh pn.:'L'nt ,1' rh'"''·n11.k 1! n1l[ hun­
Jred~ d rhtlU~and~. 111 hllll1t'ltlg~)us anJ L~ll­

mer•c 'eru.:', m C1mH,,,!. rht: PAH .. we nh-

·\ / v 
BOO 1200 1200 

,. I\_; \ 

01stance from fus1on crust extenor (!-1m) 

350 

tunct1on of d1stance from the ALH84001 luS1on crust tor me lour pnmary PAHs 
shown 1n (A) The tus1on crust fragment wh1Ch showed no preex•st1ng !rae­
lures. was cieaved tmmeo,ately pnor to analySIS us1ng a sta1nless steel scapel 
and 1ntroducec 1n <2 m1n tnto the ~L 2MS Earh plot represents a sect1on 

Fig. 1. 1A Averaged mass spectrum ol an 1ntenor carbonare nch tracture perpend1cu!ar to t11e fus1on crust surtace wh1ch sJarts ar the extenor ano 
surtace ot ALH84001 The spectrum represents the average or 1 280 1nd1v1dua! extends a d1stance ot 1 200 ~m 1nward The spat1al resolut1on •s l 00 1-Lm along 
spectra def1n1ng an analvzed sur1ace reg1on of 750 by 750 1-lm mapped at a the sect10n hne and IS the average of a 2 by 2 arrav of 50 by 50 ~m analyses 
spat•al resolut•on o! 50 by 50 1-Lm (8 through E1 PAH S1gna1 1ntens1ty as a WLth each analys1s spot be1ng the summed average ot 5 t1me-of-fhght spectra 
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.. ('T\'t:J m ALHt-~4001 <~rrt.'Ar hi ht.· rd.HI\'t.:h 

''mrk Thl: m 'l£ll cht.·nuc.d ,n, lll\,HI:.H h111 

nt n.Hm.,Jh occ urnn.!..! hiult)gK.d L\t.llt. L tl lll· 

rtlllthJ, II"\ l',ITh d!,J!.!l'I1C'\I'\ L.ln pTtiJU(l' ,I 

r t.·,tn l: tL'J numht.·r tlt PAH ... (36) Hcnct.•. ''t.' 
,,,,uJ,It.·~ rt.·cr rh.H tb.l!.!c.:nt.·''' ,,f m Lt.: Tt );,l f'..!·lll · 

hill" olll ALH~400J CtHtkl pttltillu.: \\h,lt \\t.' 

,,J,.,~nt.·~l-.1 k'' ... pt.'CLIIC P.~H .. -r.Jtht.·r 
rh.111 .1 t.t llnrk· ~ llli'ICtliTL Ill\ tlh 11l!.! .dk\ I.I!L·~J 
h,tDhtlcl!..'' 

Chcm• .. rn anJ manc:ralo~' of tht" ca r­
bt.'n~ltt':-. Tht..: tr.._·,hh hr.,k~.:n bur J'TL'l''''rlt1:.! 

ll.ll.!iiTl' 'IITLK I.> n...:h Ill P.~H ... d .. ,, £\p!..;,Jih 
.1'"1'1.!\ L.Hbtm,ltt.' dtlhulr..•., Tht.· !.d.,huk' 

Ftg . 2. False-color 
bao scalier eteclfon 
16SE 1mage 01 trac· 
L!red sur lace of a ch1p 
tror ALH84001 me­
teorite show1ng diSiri 
but1on of the carbon­
are globules Ortnopy· 
ro~ene IS green and 
thE- carbonate glob· 
ules are orange Sur­
rounding the Mg-car 
oonate are a black r1m 
1magnesile t and a 
.-'Jh1te Fe-nch nm 
Scale bar IS 0 1 mm 

Schwand!J 

F1g 3. BSE unagE- and A 
ele:::tron .-.,1croprobe 
1oaos showtng the con 
-:en:rat•on at hve ele 
-r-e:115 1n a carbOnate 
Tr(' · ALH84001 Theel 
ement maps show that 
the ':arbonate 1S chemi-
ca .1 zoned Colors 
range •hrough red 
green light blue. and 
deep blue retlec;!lng the 
h•ghest to lowest e1e 
menr concentrat1ons 
Sc a1<:- oars tor all •mages 
are 20 IJ.m 1A 1 SSE 1m 
age show1ng locat•on at 
or1 hOPY'Oxene lOP X I 
clinopyroxene (CPX 1 
aoat•te (A) and carbOn 
ale !MgC C1 lron· r•ch 
r~ms rRl separate the 
center at the carbona te 
(C rrom a Mg r1ch car­
bOnate (MgC) rtm Re­

34 

renJ ttl ht" Jt..,(niJ ratht"r th~m ;:,rhenca l .mJ 
<Ht" fl.H~t.·neJ r.Jr,JI!d (t) the fr~Ctllft" ~urf,lCt:. 
lm,,cr L Hhnn,ne t:lnhulc.., r~rpeAr ur.m!.!t.' m 
\'t;:,thle h!.!hr ,tnd h;l\'c: .1 n,unJcJ .lppt . .'ilr· 
;met.·. m.m, d1;:,pl.1y ..tlrt:rn<Hing hl..ck .mJ 
wh1tt.' run' Un ... k·r h t~h magmttC.HitWI 'rt:· 
rcu !tdll mn.::r.,..,u1pv ur SEM :-.tt.'fl't l 1111,11.!:· 
In'..! , "ll})l' Llf tht.• ~ . .:\ tlhlllt:;:, rlrpl"<lf {t\ he qliJtl' 
rhm .m ... l p.nk.Jkt.·-hkc, ... uggt.·;:,ttng rh.Jt tht.' 
C.lrh.~n.ut.·,t.,nnt.•d 1n the re~rncred v.11.lth ,,( 
.1 rh m tr.lt.OirL' T h 1, gt"tll11~rn lunJt(,.'d tht:tr 
'...!ftl\\ rh J"'t.:rpt.·ndiLtd.lr ttl, hut n•'r p.H.II!t.·l Tt l, 
tht.· tr.ld Li ft.' 

\X.\· 't.·k...rl',f .1 t~p1c.1l giPhuk·. -10 IJ-111 

8 

g•on 1n the box IS descnbed tn F1gs 5 and 6 {8 ) Iron IS most abundanttn lhe parallel nms. -31-lm across. and 
1n a regfQn ot rhe carbonate -20 IJ.ffi 1n stze IC) H1ghesl S IS assoc1ated wtth an Fe· nch nm. 11 IS no! 
nomogeneously d1Str10uled. but rath€f located 1n d•screte reg10ns or hot spots 1n the nrn A lowerS abundance 
•S present througnout !he globule 1t1 pa!chy areas (0 1 Higher concentratiOns of Mg are shown •n the Fe-poor 
outer reg1on at the carbonate A Mg och reg1on IMgC). -8 """m across. 1S lOCated between the two Fe-nch 
nms IE) Ga-nch reg1ons are assoc1ated wt!h the apat1te. me Fe-nch.core of the carbonate. and the chnopy­
roxene (F) P-r1ch reg1ons are assoCiated w1th the apatite 
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m J1amerer, for analy>IS b) TEM and elec­
m>n 1mcmrmhe (37) On rhe h""' nf hack­
sc.H tt"r dectron (RSE) nn.t~t: :' (F1g 2), the 
l. lfger gl.>hub (>10 IJ-111) h,l\c C.1-mh 
cnrc~ (whiCh ;..~bt) Cllnl;"\ln tht" ht::!ht:st Mn 
,lhlmJancc:s) surrt1unJc:J h, .Jhern..ttmg Fc­
,,nd Mg-nch h.mJ~ (ft).! 3) Nc.n rhe cJct: 
ul rht: g:lnhulc:, scvcr.JI ;:,hmr thm hand~ an: 
rn . .: ... cnr . The: f1r;:,t h.md ~~ nch m Fe .mJ S. 
the ~ecnnd b nch m M!..! wah no Fe: •• md the 
rhlfJ 1> nch m Fe .md s olC.lln (fig. 3) 
Dt.•rt.•ct.Jhl..: S 1~ .l! ... n prt.·~cnr m p.nchv ;-~n:.1:-. 
rhrtHI:,!h\IUt the !!lnhuiL· 

In saw TEM <lna ly~t.'' t\l rht.• clnhule tn 

Fn.~ 4 rc:veJlc:J that Ft.·- .Jn~l M!!-nch CiH· 
h~m..ttc;:, lnc..ncJ nc:.w . .:r hl rht: run rani!C tn 

ClH nptlSitUln frt'ln ft:rrt,,)n Jn,J~I"'C..''Itl' {t; rurc 
m.l!,!nt::.Hc . The Fc-nch rnn .... He: cnmpn:-.t:d 
tn.un\y tlfhnc-grAmcJ m.t~nt:tiTt.' r.tn.~tn}.! tn 

... t:=t.· fr,,m -10 tu 100 nm .md mmor 

.-tllltlunt~ of ryrrhur1tc..· ( --5 ,·nl'%1) (ftg. 3, 
rt:gton 1, and f1g 4A ). M.t!,!nctnt: cry~r.-~b 

rlTt" Cuho1J, teJrJrtlr, .mJ lrrl''.!\Ji.lr In ;:,h.-ipc 
ln .... i1v1Ju~l cry;:,r.tl!:! h.l.\!.: ,,.:JI-rrc!:l~t:Tvt"J 

srructure:-. wuh no larriCt" t.ll'lt.•cr... The ma:,:­
nt:rHt: .mJ Fc-;:,ulftJc .m: 111 .l tm~-gram.:J 
c" rhonare m•mx (F1~ 4. A rhrnugh C) 
Cutll ptl !:~ tllnn nf the ttnt.'-!,!r.uncd carhnn.Ht.' 
m;trnx m.ncht";:, th::~t ,,f c~I.JT,c·!,!rAmt:J car­
htm.ltt";:, locatc..·d .-tJJ.Kt"nr {11 the.- run (Ft~ 

4AI 
H1gh-rt"~llu(lun n.m ... nH ..... It\Jl dt.>ctr•W• 

m1crn;:,copy (HRTEM) .md c..·nt.'r'-"i J,srcr;:,tn· 
!:~pt.•crrt)!:~Copy (ElJS) !:~hllWt.'~l th.u rhc ft.· ­
' ulllt.ic ph.~:-.t.• ,l..,!:lt!CI.Ht.'d \\ 1th rht.• Ft.·-nch 
fill). ... I' pyrrh~HI{t: (fl:,!. 4C} I\ rrhtlfi{C..' r..tr· 
T1cle-. .1re C•llllptl;:,cd 111 ~ .lrh.l F,: tlnh. n•1 
t'X)'!.!cn w.1 ... Dh~..:rvt:d 111 tht.· 'Pl'llr.J P.Jrtlclt.·, 
h. l\'t.' .1f11tntc F.:/S r.Hhl" r.lll!.!ln!.! trt)lll --0 92 
Til 0 97 Tht: !:ll~c .md ... h.1pc , )( rht.· Ft.·S 
r.,rnclc:-. v..try. Smglc t.·uhe ... ir.d cn· ... r.ll~ t)t 
pyrrhu{l(l' r.m~c ur (tl -10('1 11111 ,l(fll ...... , 
pn\ycr.,•.., tAJitnt: p;,rrtclt:.., h.l\t." 11\t)rt.• rt1UI1Jt.•d 
... h.trc .., r.mt!mg from --20 tt ' 60 nm .JCn"' 
(F,e 4CI HRTEM "' rhc,,· r·""cb ,h.,w,·,l 
rh.u rhctr ha-,.-~1 :-.r~(lnl.! 1.., 0 57 nm, whKh 
(tiTfl"'Ptmd!:l (0 tht Iilli rcnL'Uhln uf the 
r vrrhtHitl' tn rl 4C muntlcllniC ,,· ... rt.•m. Tht.• 
m.l'.!l1t.'rllc 1;:, d~::.tnhwt.·d unlltlrmly 111 rht.· 
run, whnt.':h the pvrrhurue 'l'CI11:- (tl he d ..... 
rnhurt.·d r.mJomly m d 1..,t1nt.:t lhHn.un;:, -5 hi 
10 J.Liil llmg (Ftg 3C) M.lgn<:Citc J;:rams tn 

ALHtHOOI d,J nor wm.un derecrahle 
amounr... nf mmor dc..·menh In ,lddmnn, 
tht.''l' m.l!,!neruc..· J.!r.Hn.., .Ht.' !'otl1dc-d.un.un 
cry ... r.1l.., h.wmg nn ;:,tructur.1l ... lcfc..·cr:-. 

,A, dl!:lttnct rcg1 ~ll'l. . ltx:.trt.·~.l [tm·.uJ the..· 
ct:nrt:r t,f tht: carhon.H..: ~rhc..·nuJ hu( cnm­
plctt.·ly ;:,t:p.HAtc frutn the..· 11'1..1Cnt:rHt.'~nch 
run d.:~c nheJ ahovl', o~lso ;:,how ... ;tccumui.l­
thm uf m.tgncrltt.: .md .m Ft.·-nLh ... ulf1Jt.: 
(F1g 3A. reg1un II, .mJ F1g. 5A). Th, 
rt:~Hm J1~r\ay;:, two type ::, tlf texture;:;:,. Tht: 
f1r!:lr l'nt: 1!:1 more m..t~!:llve .mJ decrron~Jense 



ler rhe TO.l The ~wnJ regoon " much 
·' elc<uon-dens.c anJ •~ lane-~r.uneJ .mJ 

('tlf'l'll! The rt'rllu~ m:ucn.\1 nccu~ m.Hnh 
10 Cft'l~~uuan~ ~nJ~ .md r.ud\· an '"'~'l:ttl-J 
p.trchc .. . \\'e tnlc:rrrcr th, .. rt"'ruu"' tC::\Wr. .. • ·'' 
a rt)!ltm an v.hach the m"~save carhm.ue ha' 
h!-c:n ran1all" Jas~olvc...J The n:mPmcrcr­
:~•:e: ma:,:n'C'[ItC: anJ Fc:-sultaJc: rhas.c-s <UC C\. 
en·wherc :t!\StlCt;ueJ ~·uh (he tanc:-..:r ;uncJ. 
rurtlU.."' 1\.t~-Fc:-rJCh c.uhonacc:- In .tht fC · 

;.!h'O) C~oJnt.unmc htch ,,,nccn t ra{Hms ,,f 
m~~nc:t lte, J a))(Jiuunn of carbonate: •~ C:\'1 · 

denr (Fog. SA). In conrr.~sr ' " rhe magne­
tttc:-nch nm. the: cnrc: area contam~ tc:~~o· 

ma~nerore rarrocln. The Fe-suliode rhase s 
an rhb- lndJ.!Ol'fttC·J")I,lf rcJ!Itln have: chcmt· 
~·'' (t'lnrosmons ... mdar {() rh.u ol the: rvr­
rhtltl[e Howc:-ver . unltkc: rvrrhtHilC: gram.;, 
th,lt h~~o.·c: a Jar:::c: \'(HIC:ty pf rnmrh\l(OJ! IC:) , 

m,\~ttli these Fe-sulfaJe rarttcle~ ha,·e elon­
c•red <hares (Foe 5R) \X'e ~ouiJ nor <>hr.un 
,, Jattraccat.m ranem l't th~s.e F~-sult'tde rar­
udc:~ N:cau~ thev wer~ uns(ahle m the 
dct:tr~'n t->c.1m Pos..c;ahle c.md1dare5 t'nr these 
Fe-~ulf,J~ mmc:ra ls mcluJc mackmawHe 
(Fe$ 0 _,), ~r<og11e (Fe,S,l. anJ smvrh11e 
(Fe"$ 00 ) . Beca~o( <he m•'rrhologocal som· 
•l.trat\ tt• rcrre~u•al greacue ( Fag. ;cl. we 
.. u~~:-r thar these Fe-:-.ultaJ~ mmerah are 
•• •1-ahk greo~l(e (38) 

:ormation of the magneure and iron 
"'u lfide~ Th~ t)CC urrence ,,f the hne-~ramed 
c • .rh•nar~. Fe-sulfaJe .• mJ rn.1gner1tc phases 
(,•uiJ t'e ~xpi.Hned ~,. ~Hhcr anorganac Pr 
hh•:,!cnte procc~~s Stn):!'le-.. lHna ln m.lgnl·­
t•tc c.m precarHate annrg:anacally under am­
~lt"nl t~mreraturc .anJ neutra l rH CllnJa ­
[lllnS ~, r.1rraal oxaJeutlm tlf ferrous solu­
thms (39). Thas synthetic magn etite ranges 
tn M:e ffll rn ;a hour I tn rnnr~ than I 00 nm 
anJ o• <hemocallv "ery pure (39). Somulra­
nct.•u~ tntlr!.!anac rrectpttatl lln of magnetite 
.lnJ rvrrhotltc requtres ~tnlngh· reducang 
(tlndttaons at htgh rH (40). H o wever. C.af· 

1-o.•nace " normally srahle •t hogh pH. and 
rhe oh>erveJ Jossoluroon ot carbonate -.·ould 
nt•rm"'ll\ TC~UifC low pH actJJc conJHu>nS 
It ts ft'tlS.Sihl c that the Fe-sulf,des. magnente, 
and cart•ona<es all formeJ unJer hogh rH 
conJHhm,, and the aetdHr c h ang:eJ at some 
J'Unt to ll~\lo· r H. causmg the: pa rual d!SSO· 

lutH'n ~,,f rhe ca rbonates But the Fe-sulftJe 
anJ m.t~n~{l t e J o nut arrear [l) h.l ve un­
J,:r~tlnc anv cnrrostun ur Jassolutt(•n. whtch 
\lo('\4JIJ h.we l&kely l)CCUrr~J unJer .actdtc 
conJmons (4J ). Moreove r, as rrevtouslv 
mcnCiltned. the dassolur11'n llf car~•n<He IS 

alw.n :- anttmacel,.· assoc&areJ wuh rhe pre,. 
t'"""~ ,,f Fe-$.u (f,Jes and magnentr CC'nsc:-

tth·. neither samu lraneou~ rreetpttaru..m 
Of tc -sulftJes and magn ettte along ~·t th dt~ · 
St'luutm of carh,nares nor ~~uenual dtSSCl· 

lut1o n nf carbonate at a lat~r ttme \lo 'tthout 
concunenr dossolu(lon of Fe-sulfoJes and 
magnettte ~ems plausable In samrle tnor· 
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l!""•m'c mudd~. :thhnu1:h lnlHC: '''mrk' m,,, 
t:l) (lluiJ h: rrnJ'''cJ 

In Ctlntr.t!lt. tht· '-'~'"'ten,,·,,, rn.t~lll'ltlt 
.tnJ Fc- ... ult.Jt· rh·"l'" U'lth .n r.un,Jh ,J, .. 
..... ,l,t.· .. l (,uh,,n.ut.· \,tlttiJ ~· t·,pl.uall..'\.11•, 1,.,, 

Fig . 4 . TEM •mages of a th•n sectton obTa•ne~ 
from part of the same fragment s,....o.......,.., on e.g 
3A (from me reg.on of arrow 1. F.g 3A A 
Image at tow magn•hcatton ShOw•ng the Fe·ncn 
nm conta~n•ng f•ne-gra•n magnet•te ano f=e-su1 
hde Ohases ana '~' assoc~tl()n With troe su· 
roundrng caroonate (C) ano ortnoo:i'O•er-e 
co• fB I Hog.t) magn•ftCaton of a rna~·,te: 

OCr'\ area on (A) ShQv.tng the (l;Sf~"•bUII()n 0 1 f'\0 
V'IOuat mag,..e!lte crystals lhiQh cortras• ,., :~ ... 

tl"lefine-gra•ncart:x:>nate(IOwcontrast l C '""·g'" 
magnrflcatl()l"'l of a pyrrtlalote rl(:l"\ reg17 S"Y.:'· 
1nQ tt"'e Otstnt>utiOI"I ot •ndMdual pyrmottle ca· 
tiCieS ftwo black arrows •n tr-.e centert toget""~ 
WJI I"l magnet ole totner arrows! w1tnon me 1 · e 
gratned carbOnate (low contrast) 

I :Jli i! ;(!: jj ;i i ttl I j 
~C'nt1. f'r.,~.,-..."'<' ,. ~Ahu.h .lfl' Ln,•l4·n '' ••("('f 

.HI.' un,!,·r ,.,Ul'llh ,f,.,l'qtultl•rnm' 1..~>1\do 

''''"" '"'' lullo.l.u ~..nrr'- •r•r-lltt•n ·f f, 
..ulr,,k .. '' I m.o·.:n~..rtte "'""" rn.ll\ ,.Itt• 
h.H h·n.~ • h •. ul '''f"'rl~...l \4.'1 In .~.I,J, 

II 
. 

') 

-

.• '1 

..;. =-... : .. ~. 

~~\nm •·
1
' - ,..... ... 

Fig . 5. TEM •mages of a thtn sectl()l"'l Sh0Wlf"'9 tne: t""'()rOhOiogy ot the Fe-sulf.ae onases present n 
ALH84001 and a terrestnar soil sample fro., su:~,ae or~ase 'gretgt1e'-Fe:..S~ t•s lOCated., a f':'"\agne:tote 
ooor reg'on separate ano d•Sttnct from me rT~ag""let •!e·flcn r1ms !Frg 3A arrow rt) 1AJ TEM ot a tM 
sectiOn Sl'lO'Mng a cross sect,on of a songle ca'OOf'\ale C'YSta: flarge Olaek regons the apparent cteavage 
features are Clue to knrfe damage by u!tran"1fCrotor."'t'' A ven of f.ne·gtcllned caroonate (bg"'t gray) •s 
ObSerVed 'IM!h•n the large carbonate CJVSta Possobly gretg•Te ano secondar)· magnet•te ~f·ne dark 
crystals) have been oreCio•tated .n th•s '•"l€ graj'"~ed matn.a. There •s a O•rect retaton between the 
presence of carbonate d:ssotuhCY' ana tne cor"'Cen1•atoon of tne l•ne-gra.nea rnagnet•te and Fe·svtftOe 
pnases n-us reg•on snows fewer Fe·nch pa'1c:les hhlle reg10ns ShOwn If' F'~g 4 contalfl abl..f'loaro~ 
Fe· ncr~ oat11Ctes Tr!e cleavage surtace of t"'E ea"bbnat<e crysta· ooes not snow anv o-ssotutl()l"'teatures 
;arrows}. there •S no evtaence ot structural setect•ve OlSSOtuhon Ol cartxnate fB A reore-sentatrve 
efengateo Fe-suthoe oarhcle «ated on the o sso•uton ~~ ot tr.e caroonate oescnt>eO •n lA:· •S mos~ 
hlo.eiy composed of gre.gtte The fT'I()(PnoiOgY ana chemiCal compoSiton of tne-se pai1!Cies are s·tn~~ar tc 
!he 1:>oogeruc gre.g•te descnbed"' (C) (Ci Hogn magn.tcahon ot an ""'""ouaJ mocroorga,..sm wotl'oon a root 
cell of a soli sample showing an etongated mulhcrvstaH,ne core of gref9tte ,..,,.,1n an orgafliC er-~ 
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uon, excracellula r haomedaared prec apl(a­
raon of Fe.sulfades and magnetite can rake 
place under anaemh1c conditions (43, 44) 

Magneme p.1rracles m ALH8400 1 are 
!<>lffid.H (chemn.:ally, !>Hucru ra ll y, anJ mnr ­
pholugacally) w rerresrraal magn~(lte parti­
cles kn\mn 33 magnewfossd~ (45), whach 
are tossd remams of bac renal magnerosomes. 
(46) found 1n a vanety of seJ1mencs onJ 
sods (41. 47, 48) and clasSifted as smgle­
Jomam ( -20 w 100 nm) or superparomag­
netic (<20 nm) magneme (49). Smgle­
domaan magnerue has been reponed m an­
c•enr hmeswnes and mrerprered as baogenac 
(48). Some of the magneme crystals m the 
ALH8400 I carhonares resemble extrace llu ­
lar prccapmneJ superparamagnetiC magne­
me particles pmJuced by the growth of 
anaemhiC haccer~um srram GS-15 (43) 

Surface feature s and origin of the car­
bonate' \X1e exammed carbonate surfaces 
on a number of sma ll ch1ps of ALH84001 
wuh the use of high-resolution SEM (50). 
The Fe-nch nm of globules ryp~eally con­
sasrs of an aggregate of rmy ovoads mrer­
maxed wHh small arregu lar to angular oh­
Jecr::. ( F1~ 6A) OvP1ds m the example are 
about 100 nm 1n longest dimenSion, and rhe 
1rreguldr obJects range from 20 w 80 nm 
acruss These features are typiCal of those on 
rhe Fe-r~ch r~ms of many carbonate gloh­
ules These obJeCts are s1mdar m s1ze anJ 
shape to tearures m the Fe·rtch nms tden­
tlfted ,b m..tgner~te and pyrrhottte (Ftg. 4. B 
and C) The~e uhjecb are tLlO small m obtam 
cnmrn~•tt\,nttl ttnalvs1s unJer the SEM 

In the center of some of the globules 
( Ftg 2 ), the ~urtdce nf the carbonate shows 
an trregular, gram y tex ture. Thts surface 
texture Jnes nor resemble e1ther cleavage or 
a growth surface of syn thenc and dtagenetiC 
carh<>nares (51). These surfaces also diSplay 
small regularly shaped ovo1d and elongated 
forms rangmg from about 20 ro 100 nm m 
longesr dunens1on (F1g. 68). S1milar tex­
tures coma mmg ovotd ~ have been found on 
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the surface of calcite concretions grown 
from Ple tstocene ground water m southern 
ltd.ly (52). where they are 1merprereJ .b 

n..tnnn~acterta that h<~.ve ..tS!>ISteJ the calc ttl.' 
prectpttatton 

The ortgm of these texture~ on the sur­
t.Kc of the ALH84001 co rhnnote; ( F1g. 6. A 
and B) IS unclear O ne poss1ble explanation 
~~ that the textures ohserveJ o n the ca rbun­
ate surface are a result of the pantal dtssn­
luuon of the carhonate-that IS, they arc 
erostonal remnants nf the carbonate that 
happen ro be 1n rhe shape oi ovo1ds and 
elongate forms, perhaps hecau~e the carhon­
are has preferentially eroded along gram 
boundor~es or diSioconons Shock effect> 
may h ave enhanced such textures. Howe\'­
er, because we know of no ~tm!lar exttmple 
from the terresrnal geolog•c recorJ or fn 'm 
laboratof)' expenmenrs, we cannot fulh 
evaluate this pos~thle exrlantttlon fur the 
textures. A second posstbd1ry ts that arti­
facts can be created durmg sample prep.ua­
uon or may result from lahorarorv CDntam­
mauon. For example. rhe appltcattun of ,l 

thiCk Au-co nducttve coaung can produce 
textures resemblmg mud cracb. anJ ~\'en 
droplet!> or blo~s of Au L<lhorato ry contam­
mauon can mcludc Ju~t gr.un:-.. re~tJue 

from sample clean mg. anJ mgan1c contam·­
maoon from eroxy For companson, "e 
exammed several conth ll samples cre~red 
tdenucally to the meteonte ch tps We c~m­
clude char rhe cnmplex re"ures (F<g 6\ J,,! 
no( result trom pruceJure' u~eJ 1n ~aH lc~l>­
l1 ramrv On ly mtenor or fre~hlv hroken sur· 
faces nf ch1ps were used (50) We J,J t>b­
serve an arutact texture from our Au-PJ 
conductive coa ung that conststs of a mud 
crack-hke rexrure VIS ible only ar 50.000X 
magn1ftcauon or greate r None of the con­
rrols diSplay concenrrauons or blobs ot 
coa tmg matenal. A lunar rock chtp earned 
through rhe same procedures and exammed 
ar htgh magn1fKaoon showed none o f the 
features seen m F•g 6 

Fig. 6. H1gh-resolut1on SEM •mages show•ng ovo•d and elongate features assoc•ated Wlth ALH84001 
carbonate globules (A) Surtace of Fe·nch nm area Numerous ovo•ds. about 100 nm •n d1ame1er. are 
present (arrows) Tubular-shaped bod•es are also apparent (arrows) Smaller angular gra1ns may be the 
magnet1te and pyrrtlotrte found by TEM (B) Close v1ew of central reg•on of carbonate (away tram nm 
areas) show•ng textured surface and nanometer ovo1ds and elongated torms (arrows) 
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An ah crna{lve explanatiOn 1s rhat these 
textures, ,!.'\ \\'ell as [he nanostze mrtgne[lte 
and Fc·sultt~le~. are the produc[s nf mtcmht­
ol~~~•c.d ;"tt..:tt\'lty It couiJ he .ugucJ th..tt 
tht.·:.-~ h:..ttur~,.·, m ALHtHOOI turm~.:J m Ant­
..trciica hy hhl~entc prucesse~ or tnorgamc 
v.~.:.nhennc It •~ unlikely that reJuceJ phtt~­
es, ... uch a~ trun su lftJes. would form 1n Anr­
.ITI. r~~..:.• dunn~ murg,miC wcc~thcrm:,: h..:c.tusc 
repPrrCJ .IIJrhtgeniC !>Uifur-heann1,! rh,be~ 
trnm Ant.•rt:r•c !>ntis anJ mctePTilt:::. .~re ~uJ. 
tare::. ur h,~.lrJteJ ~ulf.:Hes. In general. dutht­
gemL ~ccond<'l ry mmerals m Anrarcuca a re 
""'kcJ nr ln,!r"red (53) . The l"ck of I'AHs 
10 che nrh ... ·r .m<tlvo:ed AnrarC[IC mctenr ne~. 
rh~ 'rt:nl•r\ nt the samp le, ..tnJ th~: nettrly 
unnc.:o~rh~r ... .-d n..tture 1,.1f ALH84001 ~r:.:u~: 
;:t~.1m't ,.m AnrMCtiC btugemc tmgm A~ it 

cnnrr\1! \\'C.: c.:,.lm tm:d th ree Ant.ucuc ordt­
nJf\ chnn,lme; (ALH78119. ALH/6004 . 
. m~l -\LHSJ('124. <'Ill of wh1ch dt~ not h.we 
mJt!,!en~lU' rAH~) from the ~arne ICe fteiJ 
v.hcre -\LHMOOI was cnllecred, d> well''" 
he.l\ dr Wl..'.trhereJ nrdmarv chnnJnte th;:u 
Qa\c l"t(.').!.HI\e resulb for PA Hs (LEW 
~) 52l'). Th~::.-e meteorite~ were cho~en rn 
L\1\t:r rh~,.· \htterent de!!rec~ ~~t \\·c.uhcrm!.! 
\1h, .... n~.:d till Ant..trctiC metenntes. Ex..tmln.l · 
thll1 ,,, ~r.nn ,urf..tce~ .tt all ma~mhc.utnn' 111. 

"e .• rh .... rt..~l .lllJ unweathered reg10n:.- ~~t rhc~e 
ntt"[t:I1Tirc.:' ,h~~wed no SI&,'T1 of the (\\'\liJ ~n~l 
el\~n~..th.: l11rm' seen •n ALH04001 H~mc\­

er. nonl' ~~1 rhe~e control me[eonte~ cnn­
f..t lnL ~I ~kr~.·~..uhle c.uhnnate 

l)\~'•~1 1\.:.•wre~ m Ftg 6 .tre s tmii.H m '':e 
.m~l .. h .. r ... r.1 nannob<1ctena 10 tr.l\l'rtme 
anJ lun~.:,hli1C (54) The elungare turm~ 

lFt~ 6B) rc,~,.· mhle ~nme torm~ of t\'~::.dt:cd 
hlamemuu:-o bactena m the terrestnal f~Js~d 
rec~ 1rJ In ~enera l. rhe terrestnal hJ.c[erl.l 
ffi1Cfi1II':OO"d' (55) a re more th an an \)rJe r 11f 
ma~nHuJc.: l.u!_!er than the forms seen 10 the 
ALH::,4001 Lttrbonates 

The c.orb<>nare globules 1n ALH84001 
<He clt:. •rh tt !...cv elemem m che mcerpreta­
(lt1n .,, rhh nMruan mereorrr~. The \lrt~ln nt 
the't:' !!l\1hu\c, 1~ controversial. H.u \·e\ <tnJ 
1--ic:>"een ill) and M~ttle tehldr (4) .u~ueJ. 
on thc h,,,,, 11t mtcwpro he ch emt~tr\ .mJ 
eyud•hrnnn pha:.-e relati onship ~. thdr rht· 
~h 1h1dc, ,, .... r .. : fo rmed hv htgh-temper..trurc 
metrlln\lrrh•"' \'r hvdrothermal reaLtl\'n~ 
Altc.:rno~rl\t'h, R~1n1.1nek cr aL (12) .tr~ucJ 
\m rht.: h.1,, .. \,f ISntnptc relatton~htp::. thtir 
rhe c.uh,m.Ht> were t ... 1rmed under lm\-tem­
perarurc hvdr,nhe rmal condl[lons (56) The 
n.1n· '1~1~ 1,~ lll.l!!nC'IIte .m~.i F ... · .,ld td~,• .. 
prc:ooenr 111 rhe,e globules Wlluld ltke lv n~1t 

he Jett..'Ctt..•~o.l 111 m1croprobe analyse~. wh1ch 
normal!y htwe a spattal resolution ~)f a~lU[ 
I IJ.In Our TEM observations and uur S 
map~ ~u,!.!:,:cst that nanophase magnenre anJ 
Fe-~u[f,Jc~. while concentrated m some 
zone::., ttre present 10 d1screte reg1ons 
thro~•ghom the globu les. T h e effect of these 



d~tt:cteJ ox 1Jl.' ttnJ ~u l faJe manerals nn 
.o~e car~cma r e m1crnrrn~e .ln..ll y-..t":, nM\ 
m,.\l..e the ant!:rrrct,.\thm nt thl.: m• crurrn~r 
J,..t,\ (4 /1) UIKL'rt.lln Alrcrn..ttl\'t:-h. tf th.: 
I!Jd,u)c:, MC rr~)J~H:ts 11! ~h\hlgiC ,1(11\ ' 1(), ,\ 

l1"' -tcmrcr.uur ... · t1Hm~H~~m "'nu ld he m ... l!. 
(t1tt-d Th..: t._.xturc:, 11t tht' Cd.r~nn.u._· g l~~~­
ul<: !' ..tre ~mHIM to ~ac tcnallv mduceJ c.u­
"''lll,ltl' Cf\~t.ll hunJJc rn:ctrac .H ..:: ' rh xluu·J 
111 the.• J..~,lf,l{ l)f\. ;mJ In .1 frt" ~h\\' , l[l'f r 11 11J 

{ .;il \1o~r(.;d\'\.'f, rht· l)h:,er H.:d ...... I.Jlll' llCl' m 

rhc- maroan c,ubunatc gJl,hules-Mn-cnn­
lcHntng carhonate producuo n earh' ( m the 
core) f~1l11''-"Cd h,· Fe carhnnate and f.nt ..,h ­
tn~ wHh the tthund.mr rr1xiuc tu•n t. lf n..:­
J ui..l'~.l Ft.· -... ultiJc:,-l!o t1 ~cquL'OCt." rh.H '' 
Cll\ll lnu\1 m rcrrl.":,tn..ll x-nm!_!:,, N=c.n,.,l" Mn 
I" nr .. t TL'd UCI..'ll ), \' ~IO~COIC ,1((1P0, hll!ll\\t:J 
~\ ll·mc tTllO .mJ ')ult.u.: ~ 57) Pun: M~· 
(,H"IO,HL' (m.t,_;nt:'ltd (,ll"l d.!..,tl ~l' rr,x_lll( l' ~\ 
r, ~ltllnii'H:r,l h:.nn,n unJt·r .llkcdm ~: (un~h· 
thin:- (50) On the ~a"'' l)f the~~: ,\~ ... cn.l· 
th'f"'- \\l' mterrrc r th.u the c<1 r~nn.ltl' !_!ltlh· 
ule!' h,,, e ,.. hu 1~emc tlrlgm ~n~.t were hlch 
,,,nn~~t .tt ''"' h:mrcr.lturc ... 

lr I!- f'lh~t hl.: that .1 !1 tlf the Jnul~l·J 
h:Atml'"' tn A LH t\400\ c.m he e'(rl.n n ... ·~l ~' 
IOtlf•,! .lnh .. j'TtlCl.'''e:-, hlt{ the::.e cxrJ,.In,lt\110!­
J r rc,H (\I fl''-fUITl' Tt:~frt({{'J (IIOJ \[1110~-fPT 

''\<tmrlt: . ... ult ..ne- reducm~ c,mJit h'n' 1n 
.~nr.uc t•c \Ct: .. heeb, whtch .. re nut l..n''" n 
ttl ,x ... ur ft,rm.Htt\n ,,f th r J ... ·~cr,h~.·~.l r ... ·. t· 
ture:- n, (IT~~O \ ( ;'1((\\' lt \' tO A nt .-tr((l ( ,l , ... 

.1\"'''I~ •'"'"' IJ .. Jl·. \"'uT "'IILh .11. {I\ IT\ I" tll'l\\ p,•,•r\\ 
undc:r ... ttW.I,J ,1[ r rc')c nt Hnwe\'er, \11.ln\ ,,, 
the J'-•,lnheJ fc.uure~ .ue ch1')eh :.1:->:-tlLI.Itl'J 
"' lt h rhe cMhtmrtte g!,)hu les wh1ch. ~.bc~.l 
11n tL''\ tur.ll .md t::.t;toriC ev1denn·. wnc.: 
hleh f,\rmed nn Mars hefote the me ret 1r1te 
c~ m~.· hi Ant~rcoca Cunsequenth, the f,,r ­
mrttttll'l tlf r~l~S ihle l.lTga OIC r ruJuCb (111 ,1;.!­

net\tt' ,1n~.l F ... · . ..; u\f,Je::.) wnhm the ~lPhu k·~ 

~~ J,tfKult w understJ.nd 1t the carhun<itt"!' 
h'rtneJ ~.m Mars ~ nd the ma~nern t· .m J 
Fe .su l t' .Je~ h'lrmeJ t n Antarcnc; ,b,Jd tr• o~n. 
alh . thc:< phxlucb mtcht reyuuc .tnert'~' .... 
~<i([Crt,\ .. mJ the Amarc uc 1ct.· ~hcet en' ,. 
rt1nmcm ·•rr.:.IT"' { \l he ox\g:en- nch. ll'rnc 
n~tJe hmneJ lh 'tn metalltc Fe ,.., i\ C,Hnln\ 111 
w~athenn~ rrtxlucc 10 AntarctiC mt:tt'tlTI{ C':o-

h) t.''\.H'IliOI O.!! the matt1an m ... ·r ... ·llfltl' 
.".LH~4001 "" ho'e found th at the t.•ll""' 
10 !.! C\ , ... !encl.:' '' Ctlmpattble v.1th th l" l''\1~· 
((' ~(( tlf r~~t hte on Mars (I) ~n tt.!O I.:'l\ll~ 
~t.u~ h iC k \ut unknLlv.n get,\llgK ( Unte'\t) 

rh at \\ Ob penetrated hv a fl u1J alnn~ trac ­
tur...:~ .mJ ptl rc ~r.1ce'), wh1ch then ht:L.IIlh; 
the ,He!!o tlt ::.econJa rv mmeral f~.lrtnd tl"n 
and fXl!!o!lth le h1ogen1C actiVltV, ( n ) a ftlr\0 ,1· 
tH>n .tgc tur the c.:t.rbonate glohule !l Vtlung~ r 
thon che a~e ,,j che •gneous rock; (111) SEM 
JnJ TE M nnd~es of ca r lxln~te glnhuJe ... anJ 
ieatures re~emhlmg te rresrn ai mtCTOtlrgan · 
ISTTb, rerrestn al b1ogenac carbonate sn uC· 
rure~. llf miC rofnss lls, ( 1v ) magnetlle .md 
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lflm ')u lt,Jc r.uuc le.s that cou ld h:we resu h · 
ed tr, ltn tl). IJ.u um JnJ reduct ann reacrum!' 
kntm·n t•' he 1111 J'Xl TLlnt 10 r e rr estr•~ln11CT1 l· 
hl.tl '\'[l'IH~ •• md {\) rh'-· rreSL'nce (\t P:'\H ... 
.1 ...... \1( \,H\.'J v.1rh ... urt.Kt:~ r1ch 10 c;uh.. ,n.nc 
:.:l~~~ul...-:- Nt ll'lt: ,1f thl' ~C ,lhsc.:rvatllln~ 1:- 1n 
\(~c.·ll (tlOdu,l\'l! t,• r the CXI:-tence tll r •I::Ot 
lift• A!thouch rhcrt· ;'lfe alt ern.Ht\'C e, rla 
Otlt\,llh hiT \.',ll.':h ,,t th...: ... c rht:nlllnl'O~ t<~:kt:n 
1111..lt\ •du.llh·. v.hcn the\ Me Ctm"h.iCrl'J ,,,\. 
lc:Cti\'L' " , r .HI ICul.u ly 10 \ ICW nt thc tr ..,r,HI.tl 
tiS!-tlC \.Itlon, v.e CllOCiuJe thar rhe) art" ev1· 
de nee to r rnmHI\ e ilk tln early Mars 
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Mr. SENSENBRENNER. Thank you, Dr. McKay. 
The final witness today will be Dr. Richard N. Zare, Chair of the 

National Science Board and a member of the Department of Chem­
istry at Stanford University. 

Dr. Zare? 

STATEMENT OF DR. RICHARD N. ZARE CHAIR, NATIONAL 
SCIENCE BOARD DEPARTMENT OF CHEMISTRY STANFORD 
UNIVERSITY 

Dr. ZARE. Thank you, Mr. Chairman. 
I come before you to tell you a story. It's a story of the inherent 

unpredictability of fundamental research, the importance of lead­
ing-edge instrumentation of facilities for research, and for stable, 
long-term investment across the full spectrum of sciences. 

It is a story which has very much been capturing and consuming 
my life since this happened in this August 16th publication of 
"Science" magazine. 

It's also a story of individuals brave enough to explore the un­
known and of the will of the American people, through its elected 
Representatives, to back this endeavor. 

Let me begin by discussing my research on the Martian meteor­
ite that is the topic of this hearing. 

Using an invention of ours called microprobe two-step laser mass 
spectrometry, we have searched for a class of organic molecules, 
these so-called P AHs-polycyclic aromatic hydrocarbons. 

Such molecules occur commonly in the incomplete combustion of 
organic molecules, such as what comes out of a diesel exhaust en­
gine or what is found in a footing flame of a candle, or what is 
found if you leave meat too long on the barbecue. 

It is also a telltale sign of fossilization of living matter, as seen, 
for example, in oil and coal deposits. 

Let me also emphasize that P AHs can be produced by processes 
having nothing whatsoever to do with life, such as passing meth­
ane gas over hot metal or running an electrical discharge in a 
methane atmosphere. 

Although somewhat different distributions of P AHs result from 
these processes, the identification of PAHs themselves is not proof 
that they came from some biological origin. 

In our procedure, the meteorite-you have an example before 
you-is cleaved with a stainless steel knife and transferred into a 
high-vacuum chamber. Using a shooting gallery of lasers, we cause 
molecules to evaporate from the surface of the meteorite. Then we 
ionize them so that their mass can be weighed and determined. 

By scanning the location of the spot we irradiate on the surface 
of the meteorite, we can map out the spatial distribution of the 
molecules being detected. 

So what did we find? 
By this means we have found that P AHs are present in the Mar­

tian meteorite ALH-84001, that they are more concentrated on the 
inside than the outside of this meteorite, and moreover, their con­
centration peaks at the same places where, as you've heard from 
Dr. David McKay, the NASA Johnson Space Center found mineral­
ogical and morphological features that suggest the presence of 
some primitive life forms. 



40 

It seems to us well established that the PAHs we find in ALH-
84001 are indigenous to this meteorite. Moreover, they seem to be 
intimately associated with the carbonate globules for which isotope 
data suggest a temperature of formation between the freezing and 
boiling points of water. 

If the P AHs formed at the same time as the carbonates, then it 
would seem highly improbable that they had an abiotic or inorganic 
origin. 

Because the concentration of organics in this meteorite seem 
rather high, it also seems unlikely that they were preferentially ab­
sorbed by the carbonates. 

The simplest explanation for these observations taken together is 
that some primitive type of life existed in this meteorite at the 
same time of the carbonate formation, which is dated about 3.6 bil­
lion years ago. 

Let me interrupt this narrative to tell you how the device we call 
microprobe two-step laser mass spectrometer came about. 

More than 20 years ago, under support from the National Science 
Foundation, I was trying to understand chemical reactions in the 
gas phase, one collision at a time, at Columbia University. 

I had heard from Professor Philip M. Johnson, State University 
of New York at Stony Brook, about a new spectroscopic technique 
for making molecules gulp down photons more than one at a time 
and ionize. This method seemed to have just the high sensitivity 
we needed. 

And it worked splendidly. 
About ten years ago at Stanford University, I had the idea that 

we could use the same technique to look at those molecules that 
cover a surface. The original motivation was to look at biological 
molecules to make a more sensitive analyzer for the sequence of 
amino acids present in proteins-something we actually did. 

It was only a chance encounter with a person spending a sabbati­
cal in Stanford University's School of Earth Sciences, Professor 
Peter R. Buseck, Arizona State University, that convinced me that 
it would be interesting to study meteoritic samples. 

It took the successive efforts of four very bright graduate stu­
dents studying for their Ph.D.s to develop this technique to its 
present state. 

I share with you this tortuous history because I believe it is fair­
ly typical of how science advances. 

Our two-step laser mass spectrometer was not originally built to 
search for past life on Mars. Clearly, it now has that capability, but 
like all advances in instrumentation, it may have a multitude of 
other uses, some of which may be much more directly relevant to 
mankind's welfare, such as searching for pollutants in soil samples 
or determining the structures of new polymers. 

The point I'm trying to make is that the power of investing in 
frontier instrumentation is that its applications have a way of ex­
panding with time so that such advances can bring important eco­
nomic and health benefits as well as help us explore the unknown. 

This summary of my research points to a number of issues that 
I think are extremely important for Congress to consider. Perhaps 
the most significant underlying lesson is the value of consistent, 
long-term support for basic research to provide the nation with the 
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tools and the trained human resources necessary to take advantage 
of, and benefit from, unanticipated research developments. 

The nation receives maximum benefit from a healthy and well­
balanced scientific enterprise having the flexibility and nimbleness 
to respond to opportunities and challenges as they occur. 

When the original investigations began that resulted in the de­
velopment of the laser, which was crucial to my research, no one 
dreamed that it would be used some day for probing for possible 
evidence of primitive life on early Mars. 

Similarly, when the National Science Foundation became respon­
sible for the single-point management of the United States Ant­
arctic Program 20 years ago, who would have thought that the Ant­
arctic would provide important information about another planet. 

At that time, no one fully realized that the Antarctic would prove 
to be a treasure trove of research opportunities, including a rich 
source of meteorites. Nearly half of the 16,000 meteorites so far 
found on Earth have been retrieved in the Antarctic. 

But the annual expeditions for meteorites represent only a small 
portion of the research supported by the Foundation in the Ant­
arctic. Other activities include an understanding of life forms that 
exist in very extreme environments-a topic that I believe deserves 
increased attention. 

Researchers have actually found life forms that actually live in­
side of rocks in the Antarctic. Other extreme environments have 
also yielded living microorganisms, including temperatures well in 
excess of boiling water, and under atmospheric pressures many 
hundreds of times that of sea level. 

Finding life in conditions that would have seemed unthinkable 
20 years ago at the time of the Viking missions to Mars is one of 
the reasons it made sense to look for life forms in a meteorite. 

The message I would like to leave with this Committee today is 
that the research we have undertaken to understand whether life 
once existed on Mars is only the most recent in a long line of in­
quiries into a multitude of fundamental questions. 

These questions range from planetary astronomy to molecular bi­
ology. We have traveled this road only as far as we have because 
those before us have had faith in the ultimate value of new knowl­
edge, even when its immediate utility may not have been apparent. 

The research that has led us to suggest that we might have un­
covered fossilized remains of life on ancient Mars could not have 
been done were it not for contributions across many areas of 
science and technology. Nor could we have been successful without 
the contributions, ideas, and assistance of my colleagues and espe­
cially my students. 

This research endeavor has been one of the most exciting and 
humbling activities I have had the privilege to be associated with. 

Thank you again for this opportunity to testify 
[The prepared statement of Dr. Zare follows:] 
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Mr. Chairman, members ofthe Committee, I appreciate the opportunity to be a part of this 
panel and testifY before you this morning. I am Dr. Richard N Zare, Marguerite Blake 
Wilbur Professor of Chemistry at Stanford University. In addition, I am also the Chairman 
of the National Science Board, the policy-making body ofthe National Science 
Foundation, which among other tasks is charged with focusing national attention on major 
issues with respect to science and engineering research and education. 

I appear here today principally to discuss my role and my research on the Martian 
meteorite ALH8400l that is the topic ofthis hearing. In addition, I hope to convey how 
important it is to maintain a strong national research enterprise so that we can respond to 
tomorrow's challenges and opportunities in science and engineering, wherever they may 
occur. 

I have led the Stanford University research group of Simon J. Clemett, Claude R. 
Maechling, and Xavier D. F. Chillier that looked for organic molecules in ALH8400 I. 
Using an invention of ours called microprobe two-step laser mass spectrometry we have 
searched for a class of organic molecules called polycyclic aromatic hydrocarbons (P AHs ). 
Such molecules commonly occur in the incomplete combustion of organic molecules, such 
as what comes out of a diesel exhaust engine, or what is found in the sooting flame of a 
candle, or what is found on the surface of meat that has been left on the barbecue too 
long. It is also a telltale sign of the fossilization of animal and plant life, as observed in oil 
and shale deposits. Let me also emphasize that P AHs can be produced by processes 
having nothing whatsoever to do with life, such as passing methane gas over hot metal or 
in running discharges in a hydrocarbon atmosphere. Although somewhat different 
distributions of P AHs result from these processes, the identification of P AHs, themselves. 
is not proof that they came from some biological origin. I will return to this point later. 
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In our procedure, the meteorite sample is cleaved with a stainless steel knife blade and 
transferred into a high vacuum chamber for analysis in less than three minutes exposure to 
the laboratory ai r Under visualization with a microscope, a pulsed infrared laser beam is 
fired at the sample, which heats a small spot of the sample surface that is approximately 40 
microns in diameter For reference purposes, the diameter of a typical human hair is about 
I 00 microns. The heating rate is rapid and causes molecules in the focal spot of the laser 
to evaporate and leave the surface. 

This rising gas plume of evaporated molecules is intercepted by a second pulsed laser 
beam whose wavelength is in the ultraviolet. Those molecules in the gas plume that 
absorb these more energetic photons go on to ionize. In the ionization process, an 
electron is knocked off the neutral molecule and flies away, leaving the molecule as a 
positively charged molecular ion. Different molecules produce ions with different weights 
or masses. The ions are produced between two metal screens held at different voltages. 
The resulting electric field between the two screens exerts a force on each ion of the same 
amount because the charge on each ion is the same. Recall that according to Newton 's 
second law of motion, force equals mass times acceleration. Consequently, ions with 
differing masses receive differing accelerations from being born in the electric field. As a 
result, lighter ions hit an ion collector in a shorter time than heavier ions. 

By recording the arrival times of the ions at the ion collector we are able to weigh the 
different ions, that is, to determine their mass distribution, which is called a mass 
spectrum. The laser vaporization and the laser ionization steps are gentle so that the ions 
stay intact . Consequently, by measuring the mass spectrum we are able to identify what 
molecules are present in a mixture without the usual need to separate the mixture into its 
substituent components prior to analysis By scanning the location of the spot irradiated 
by the pulsed infrared laser, we can map out the spatial distribution of the molecules on 
the surface of the meteorite sample 

By this means we have found that PAHs are present in the Martian meteorite ALH8400I, 
that they are more concentrated on the inside than the outside ofthis meteorite, and 
moreover, their concentration peaks at the same place where, as you have heard from Dr. 
DavidS. McKay, the NASA Johnson Space Center team found mineralogical and 
morphological features that suggest the presence of some primitive life forms. It seems to 
us well established that the P AHs we find in ALH8400 I are indigenous to this meteorite. 
Moreover, they seem to be intimately associated with the carbonate globules for which 
isotope data suggest a temperature of formation between the freezing and boiling points 
ofwater. Ifthe PAHs formed at the same time as the carbonates, then it would seem 
improbable that they had an abiotic or inorganic origin. Because the concentration of 
organics in ALH8400 I seems rather high, it also seems unlikely that they were 
preferentially adsorbed by the carbonates from Martian groundwater All observations 
taken together suggests that some primitive type of life existed in this meteorite at the time 
of the carbonate format ion, which is estimated to be about 3 6 billion years ago. 

2 
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Let me interrupt this narrative to tell you how the device we call microprobe two-step 
laser mass spectrometry came about. More than twenty years ago in the Department of 
Chemistry, Columbia University, I was trying to understand chemical reactions in the gas 
phase, one collision at a time, under the support of the National Science Foundation. I 
had heard from Professor Philip M. Johnson, State University ofNew York at Stony 
Brook, about a new spectroscopic technique for making molecules gulp down more than 
one photon at a time and ionize, so-called resonance enhanced multiphoton ionization. 
We were one of the first research groups to apply this method to the study of chemical 
reactions under molecular beam conditions. Because you can count individual ions, its 
sensitivity met the challenge oflooking at those rare collisions between reagents that went 
on to react . About ten years ago at Stanford University I had the idea that we could use 
the same technique to look at those molecules that cover a surface. The original 
motivation was to look at biological molecules in hopes of making a more sensitive 
analyzer fo r the sequence of amino acids present in proteins. It was only a chance 
encounter with a person spending a sabbatical in Stanford University's School of Earth 
Sciences, Professor Peter R. Buseck, who holds joint appointments in the Departments of 
Chemist ry and Geology at Arizona State University, that convinced me that it would be 
interesting to study meteoritic samples. The time offour Ph. D. theses would need to 
elapse before this technique matured to its present state, providing excellent training to 
those graduate students brave enough to pursue this line of inquiry, a project that has been 
supported by NASA but uses NSF-purchased laser equipment . 

I share with you this tortuous history because I believe it is fairly typical of how science 
advances. Our two-step laser mass spectrometer was not originally built to search for past 
life on Mars. Clearly, it now has that capability, but like all advances in instrumentation, it 
does have a multitude of other uses, some of which may be much more directly relevant to 
mankind's welfare. The point I am trying to make is that the power of investing in frontier 
instrumentation is that its applications have a way of expanding with time so that such 
advances can bring important economic and health benefits as well as help us explore the 
unknown. 

This summary of my research points to a number of issues that I think are extremely 
important for Congress to consider. Perhaps the most significant underlying lesson is the 
value of consistent, long-term support for basic research, to provide the nation with the 
tools and the trained human resources necessary to take advantage of-- and benefit from -
-unanticipated research developments. The Nation receives maximum benefit from a 
healt hy and well-balanced scientific enterprise having the flexibility and nimbleness to 
respond to opportunities and challenges as they occur. 

The basic science and engineering contributions that permitted us to conduct meaningful 
research on this meteorite come from many disciplines, including geology, astronomy, 
chemistry, molecular biology, physics, paleontology, and materials science. The 
contributions made over the years by researchers in these areas have in common the fact 
that the ultimate value of the research could not have been anticipated at the time the 
research was conducted. That is not at all surprising. The basic nature of scientific 
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investigation is exploration, and the value of exploration is learning things that were not 
previously known 

When the original investigations began that resulted in the development of the laser, which 
was crucial to my research, no one dreamed that it would be used some day for probing 
for possible evidence of primitive life on early Mars, much less that it would have mvriad 
applications in medicine, data storage, communication, engineering, and manufacturing. 

Similarly, when the National Science Foundation became responsible for the single-point 
management of the United States Antarctic Program 20 years ago, who would have 
thought that the Antarctic would provide important information about another planet! At 
the time, no one fully realized that the Antarctic would prove to be a treasure trove of 
research opportunities, including a rich source of meteorites Nearly half of 16,000 
meteorites so far found on Earth have been retrieved in the Antarctic. Although 
meteorites do not seem to strike Antarctica with unusual frequency, they do stand out 
against the bluish-white Antarctic ice. In addition, the frigid climate preserves the rocks 
from weathering and breaking down into soil. 

But the annual expeditions for meteorites represent only a small portion of the research 
supported by the Foundation in the Antarctic. Other activities include atmospheric 
research at one ofthe most isolated and pristine locations on the planet. Because ofthe 
low temperatures and dry air, the Antarctic also provides a unique platform for infrared 
and subrnillimeter astronomy observatories. Finally, the Antarctic provides a unique site 
for research in astrophysics, glaciology, global climate change, and, perhaps most relevant 
to this hearing, an understanding of life forms that exist in very extreme environments -- a 
topic that I believe deserves increased attention 

Researchers have recently found life forms that actually live inside of rocks in the 
Antarctic. Other extreme environments have also yielded living microorganisms, including 
temperatures well in excess of boiling water, and under atmospheric pressures many 
hundreds of times that at sea level. Finding life in conditions that would have seemed 
unthinkable twenty years ago at the time of the Viking missions to Mars is one of the 
reasons it made sense to look for life forms in a meteorite. 

These discoveries have extended our understanding of life and the conditions under which 
it can occur to include other planets and their moons in the solar system. They have also 
generated knowledge and techniques that hold great promise for addressing practical 
problems on this planet Earth, such as in genetics, biochemistry, environmental clean-up, 
and resource recovery, to name but a few . 

The message I would like to leave with this committee today is that the research we have 
undertaken to understand whether life once existed on Mars is only the most recent in a 
long line of inquiries into a multitude of fundamental questions. These questions range 
from planetary astronomy to molecular biology We have traveled this road only as far as 
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we have because those before us have had faith in the ultimate value of new knowledge, 
even when its immediate utility may not have been apparent. 

Mr. Chairman, I know that you and your colleagues on this committee have been strong 
supporters offederal funding for research. I commend you for these efforts and hope that 
you will continue to impress upon your colleagues the importance of broad-based support 
for research for our future well-being. 

The research that has led us to suggest that we might have uncovered fossilized remains of 
life on ancient Mars could not have been done were it not for contributions across many 
areas of science and technology. Nor could we have been successful without the 
contributions, ideas, and assistance of my colleagues and especially my students. This 
research endeavor has been one of the most exciting, yet humbling, activities that I have 
had the privilege to be associated with. 

Thank you again for this opportunity to testify and I would be pleased to respond to any 
questions that you might have. 

5 
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Mr. SENSENBRENNER. Thank you, Dr. Zare. Every once in a while 
the lawyer in me comes to the top in the Science Committee. And 
one of the things that you learn about in law school is what's called 
the chain of evidence. 

Dr. McKay and Dr. Zare, you've done a very good job of dealing 
with two parts of the chain of evidence. But there's a missing linlc 

Dr. McKay, can you tell us how you think a piece of Mars became 
a meteorite and ended up landing in Antarctica? 

Dr. McKAY. That is a very good question. I think that there are 
a number of people that have looked at that and essentially con­
cluded that somehow, an impact of perhaps a small asteroid or 
comet on Mars ejected some of the rock, the rock very near the sur­
face. 

As the shockwave became reflected back to the surface, it pushed 
with it some of the near-surface rock and that rock was accelerated 
enough to escape the gravity of Mars. It wandered in space for 16 
million years in a chaotic orbit, probably back and forth a few 
times, influenced perhaps by Jupiter. 

Finally, it got within reach of the earth's gravity field after 16 
million years and it fell then into Antarctica about 12,000 or 13,000 
years ago. 

People didn't believe you could do this until we found the first 
lunar sample in Antarctica. Once we found a lunar sample there, 
we knew there had to be a mechanism that blasted rocks off of 
other planets and sent them to earth as meteorites. 

And that's really-that's the story of why we believe it came from 
Mars. 

Mr. SENSENBRENNER. Now you said in your testimony that there 
were 11 other rocks, meteorites that have been recovered that you 
also believe came from Mars. 

Have these other meteorites been looked at to see if there is any 
evidence of organic life? 

Dr. McKAY. Several of them have been analyzed for organic ma­
terial, and they all contain a little bit of organic material. Mostly 
that is interpreted as contamination from the earth. 

Some of these meteorites have been sitting around in museums 
for 100 years, people have handled them, and so forth. 

So contamination is possible. 
The specific search for the signs of life that we did here have not 

been done on any of these other 11. And so that is certainly some­
thing that should be done in the future. And we intend to start 
doing that. I think other groups as well will do that. 

Mr. SENSENBRENNER. Okay. Thank you. The gentleman from 
Texas, Mr. Hall. 

Mr. HALL. Thank you, Mr. Chairman. 
Not to emphasize the fact that Congress probably has too many 

lawyers, but the lawyer in me comes out also. 
You use the word "probably'' several times in the examples that 

you've shown here. On the back, there were things that say here, 
possible microscopic fossils. 

I realized that you're not trying to be exact, but we're really deal­
ing with what I guess us lawyers would call circumstantial evi­
dence at this time, highly circumstantial evidence. 
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I know you believe because you're more skilled and more trained 
and more knowledgeable, you believe that what you've found is 
what you've reported. 

But t o the American people who pay taxes, when you use the 
word probably, and we're dealing with the kind of money that we're 
going to be talking about, to actually get a verdict out of this-by 
the way, the test in civil cases is by preponderance of the evidence, 
and the test in a criminal case is beyond a reasonable doubt. 

I don't think you're anywhere close to either of those at this 
stage. 

I'm just wondering about-and I believe that at the proper time, 
and the General suggested that we couldn't wait until we had ei­
ther before-tax money to spend or however we're going to spend it, 
that we need to go forward on this. 

I don't know about that. I think, certainly, I'm told that $20 mil­
lion for this little machine over here, this creepy-crawly looking­
whatever that is over there-to fly to Mars, and maybe anywhere 
from $200 or $300 million to a billion to send it to Mars and actu­
ally bring us back some real in-hand evidence that could be beyond 
a reasonable doubt or in all reasonable probability or by a prepon­
derance of the evidence, could tell us, yes, we're right. 

Now, frankly, I've had letters from people about this situation 
that encouraged us to look and to seek and to find and usually they 
were from men and women of great knowledge and great imagina­
tion about the future. But I've had some letters from said who have 
said not to spend a dollar on anything like this as long as we had 
a baby's bottle that was empty in this country. And both are legiti­
mate concerns. 

And a lot of letters and calls in between. 
But I guess, what do the skeptics say about it? We have four peo­

ple here who have a thrust on this. What do other men and women 
of science say about it? 

Dr. McKAY. Well, you're clearly right that we have circumstan­
tial evidence here. We do not have the smoking gun. 

However, we conclude that the circumstantial evidence, the four 
lines of evidence that I talked about, are strong enough for us to 
conclude what we concluded about possible fossil life on early Mars. 

Now there are skeptics that don't believe that. They don't really 
question our data. Our data, I think, are going to stand up. But 
they do question our interpretation. 

Now what we really need, I think, are additional kinds of data 
beyond what we showed. And we will get those kind of data and 
other groups are working on them as well. 

So I think for a very small amount of money compared to space 
missions, we'll be able to analyze these meteorites in enough detail 
to solve the question in a year or two. 

Dr. ZARE. May I add on to that? 
Mr. HALL. Yes, sir. Please do. 
Dr. ZARE. If I might. 
Mr. HALL. Yes, sir. 
Dr. ZARE. I think you're really listening to a scientific story un­

folding. And it may frustrate you, as it frustrates me, not yet to 
know the answer. 
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But we're in a situation where it's important to maintain a 
healthy skepticism, particularly among those who are involved 
deeply with the data. 

So when we put forward an interpretation, we put it forward as 
the best explanation we now think of. But we have to reserve the 
right to change the interpretation, if somebody can show us a dif­
ferent way of thinking about it or get new data. That's part of what 
goes on. 

And so, you can't yet expect certainty from this. 
But the fact that these things seem so possible should encourage 

everyone, I believe, about looking further at this question and also 
considering very seriously the possibility that there was life long 
ago on Mars, which raises the question, might there still be some 
life on Mars? 

Mr. HALL. Say we were in the '50s, early '50s, when we had the 
greatest position of financial strength in this country and the 
strongest geopolitical, I guess, position in the history of our nation. 
And Congress looked for things to invest in. 

Say we had that situation again. How long would it take to tell 
us what Martian life should look like, and how long would it take 
to confirm or refute the research that you have, if we had those sit­
uations, which we clearly do not? 

Dr. McKAY. Well, ultimately, we will not know until we go to 
Mars and get some samples and bring them back. And under the 
funding situation that you propose, we could certainly do that with­
in ten years. Five years for robotic systems. 

Whether we can tell certainly about life on Mars from these 12 
meteorites remains to be seen. I think perhaps we can and we can 
do that very cheaply. 

Mr. HALL. Thank you, and I thank you, Mr. Chairman. 
Mr. SENSENBRENNER. The gentleman from Florida, Dr. Weldon. 
Mr. WELDON. I thank the Chairman. I thank the Chairman espe-

cially for having this hearing because I, for one, have followed this 
issue very closely with a tremendous amount of fascination. 

Representing Kennedy Space Center, as I do, I have many, many 
constituents who are people who formerly worked on the Mercury 
and Gemini and Apollo programs. One of the comments or ques­
tions I'm frequently confronted with is, gee, we thought at the end 
of the Apollo program it was not going to be very long before we 
would either be going back to the moon or, preferably, going to 
Mars. 

The Ranking Member raises a very, very good point, which is the 
economic point associated with it. I think if our nation was not 
spending $300 billion this year paying interest on the national 
debt, that we all in this room could indeed probably go to Mars 
with that kind of money. 

It's just an essential problem that our nation faces, a crushing 
burden of debt, an explosive growth of entitlement programs. 

Mr. SENSENBRENNER. Would the gentleman yield? 
Mr. WELDON. I'd be happy to yield. 
Mr. SENSENBRENNER. Would you like me to arrange for a ticket 

for your opponent in the election campaign to go to Mars? 
[Laughter.] 
Mr. WELDON. Be my guest, Mr. Chairman. 
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But the question I was going to get to because, to me, this is 
really a fascinating issue, understanding the budgetary constraints 
we're working in, I understand, Dr. Huntress, how you're talking 
about sending probes and possibly a probe, as Mr. Hall alluded to, 
that would return a sample. 

Could you really get the information that you need from an inan­
imate probe? And maybe Lt. General Stafford would like to com­
ment on this. 

Is this kind of question ultimately going to require putting men 
and women on Mars, where they can actually walk around on the 
surface and look for the kind of samples and terrain necessary so 
that the question you're posing can really be answered? 

Dr. HUNTRESS. Let me start first, Mr. Weldon, and then I'll pass 
it to Tom Stafford. 

What we're talking about here is essentially field geology, walk­
ing around on a field or roving around on a field and looking for 
the right kinds of samples-rocks, material, soil, whatever it is­
that has the evidence in it that you're looking for. 

Now, robotically, there's a long way that we can go. And in fact, 
before we would send human geologists to Mars, we would do it 
like we did the moon-you send your robotics scouts there to find 
the right places to go and what it's like there, so when you finally 
end up sending your human explorers, they're in the right place 
and have the maximum probability to come back with the right 
stuff. 

Now it depends on how hard it's going to be to find evidence for 
early life on Mars. 

If the dinosaur bones are laying on the surface, it's real easy. If 
you've got to go digging for them or if you've got to look for the 
minutest of evidence, it will probably take a human being to do 
that. 

Now the human has the advantage, and will still have for some­
time to come yet, the reservoir of knowledge that it would require 
sometimes to do a hard search. 

The advantage he has over the machine is that he has knowledge 
of experience, which machines are difficult to do. They can have a 
knowledge data base, but they don't have the experience sometimes 
that a trained field geologist would have. 

On robotic missions, we'll learn a lot about Mars, about its cli­
mate, about the structure of the planet, what it's made of, and 
what it's like there on that planet and find all the evidence for 
where is the water and where is the best places to look for life, and 
may even find it when we bring the right kinds of samples back. 

But whether that works or not, there's still a compelling reason 
ultimately to be sending human explorers to Mars. 

Mr. WELDON. General Stafford? 
General STAFFORD. The evidence we had back, particularly from 

Apollo 17 when we had Dr. Jack Schmitt, who was a geologist who 
flew on that last lunar landing mission and found the orange rock, 
he knew exactly what he was looking for-was a good example of 
using the final logic of the human mind to focus in for the fine-tun­
ing on field scientific expedition. 

So the exploration of Mars is both a strong robotic, but then, fi­
nally, eventually, the human exploration of Mars. 
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The question that Mr. Hall brought up concerning about the eco­
nomic problems, and I recall back when President Kennedy made 
the commitment for the Apollo program, there was a lot of prob­
lems in the United States at that time, problems as far as the econ­
omy, health care, and a series of things, and there are still prob­
lems today. 

But he made that bold commitment to go. And based on the evi­
dence here, there are things that can be done in a very modest 
way, Mr. Weldon, that can start like refocusing on some of our 
technology development in our national laboratories, encouraging 
the private sector to work and focus some of their resources on us, 
to get us started down the road. 

Mr. WELDON. Do you really feel that the technology that you 
were talking about we need breakthroughs in, is necessary to go to 
Mars? 

You talked about a nuclear engine for a Mars probe, manned 
Mars probe. And also a heavy-lift capability. 

I assume you're talking about a less expensive heavy lift capabil­
ity. Could you just elaborate on those two issues a little bit? 

General STAFFORD. Well, in the synthesis group, in using data 
from all around the United States, in NASA, the Department of 
Defense, the industrial sector, it was determined that to have a 
manned expedition or human expedition to Mars, you need approxi­
mately a minimum of about 500 metric tons in low-earth orbit. 

And so what you're talking about is a payload of two enhanced 
Saturn V boosters docked together. And that is with a nuclear ther­
mal rocket to use in the upper stage. 

The nuclear thermal rocket is only from low-earth orbit fortran­
sit to Mars and the impulse back. 

If you do not use a nuclear thermal rocket from low-earth orbit 
to the Martian orbit and back, it's going to require approximately 
the mass in low-earth orbit, which requires a far more amount of 
lift, number of launches, and it requires far more cost. 

So that is the reason for the nuclear thermal rocket, it is for the 
transfer out there. 

For certain cargo missions, you can use electric propulsion that 
goes very slow and it takes a long time out there, but that kind 
could be used. 

Mr. WELDON. You talk about solar electric propulsion. 
General STAFFORD. Solar. But that would be very, very slow. 

You'd like to use a very low-powered nuclear electric, perhaps a 
radio-isotope electric propulsion. 

Mr. WELDON. If the Chairman would allow, I just have one more 
question. I guess it's the doctor in me coming to the surface, or the 
biochemist in me coming to the surface. 

Can you explain to me a little bit more about these aromatic hy­
drocarbons that you're looking at? What are they? How big are 
they? Are they six-carbon rings? Are you looking at five-carbon 
rings? 

Can you just elaborate a little bit more on what that is? 
Dr. ZARE. I'd be glad to. The aromatic hydrocarbons are six-car­

bon aromatics like benzene. 
Mr. WELDON. Benzene, right. 
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Dr. ZARE. That are fused together. Sometimes they have some 
five-ring members in them, but mostly, they're made of six. 

They're things like naphthalene, that you'd find in mothballs, al­
though we tend to find yet heavier things. 

The type of structure we see are very much the bare skeleton of 
these aromatics, as opposed to what are called side chains that 
hang off of them, other types of chemical groups. They're similar 
to what you'd see if you were to actually analyze anthracite coal, · 
is what you'd see. 

Mr. WELDON. This kind of analysis that you've done, it has not 
been done on any other meteorites collected from anywhere else? 

Dr. ZARE. No. We have done this on somewhere around 17 to 20 
other meteorites. The particular distribution that we see is fairly 
special in the case of this meteorite, compared to some of the others 
we've seen. 

Mr. WELDON. Okay. 
Dr. ZARE. And it seems to be consistent. It's permissive evidence 

for fossilization, but to me, doesn't prove this, necessarily. 
So it's a story in which you put pieces together and taken and 

looked at as a whole, it led us to this conclusion. I still don't know 
a better conclusion. 

Mr. WELDON. One more question. The Chairman is being very 
generous with the gavel. 

But has there been any speculation to the possibility that life 
could have originated on Earth, been transferred to Mars through 
solar winds because what you're talking about is very microscopic 
life forms, or maybe-you're saying in the chain of evidence that 
a meteor or an asteroid or comet struck Mars and ejected some­
thing out. 

Could there be another step in all of this that a meteorite or an 
asteroid hit the Earth--

Dr. ZARE. You're asking a really huge question that intrigues us 
all about origins of life. Where did life of this sort start? Did it 
start independently? Or is it possible that life was transported from 
one planet to the other since, as we've heard, with asteroid im­
pacts, comet impacts, they can exchange matter back and forth. 

There's been a theory called panspermia that originated in, oh, 
the last century. People thought there were seeds or spores of fungi 
or something that came in. Then, when we understood better how 
harsh space was in terms of cosmic rays and other matters, that 
theory has been put aside. 

But perhaps this theory can be reborn again in terms of being 
protected inside rocks. 

Mr. WELDON. Inside a rock. 
Dr. ZARE. And therefore, the question you ask is a very fascinat­

ing one. And turning it backwards, for all we know, whatever we 
found in Mars first came from earth to Mars. 

We don't know. 
Mr. WELDON. I thank the Chairman. 
Mr. SENSENBRENNER. The gentleman from Indiana, Mr. Roemer. 
Mr. ROEMER. Thank you, Mr. Chairman. 
I am fascinated by some of the newspaper articles and periodi­

cals and so forth coming out with this whole story. Certainly here 
in NASA, we have a host of new things, new programs, new, excit-



53 

ing technologies that we have heard about over the last year or two 
that Mr. Goldin and others have been up here to promote that 
we're excited about, as Members of Congress, as supporters of parts 
of the space program, especially those efficient and productive 
parts of the space program that are returning us good science and 
good results and good benefits for the taxpayer and good benefits 
for the future. 

I guess one of my first questions to Dr. Huntress would be, 
what's it going to take and how long will it take to make the deci­
sion as to whether or not we have something here, we have conclu­
sive evidence here to move Mars up the priority list to then begin 
doing some of the things that we're speculating about now? 

Dr. HUNTRESS. Well, one of the things that's interesting to me 
here is that, in some sense, we've anticipated this result. We had 
no idea, of course, that it would come along. But we've anticipated 
the result in the sense that, since we began the second era of Mars 
exploration that I talked about by starting the Mars surveyor pro­
gram, and we thank this Committee for supporting us in doing 
that, one of our goals in that program has been to look for evidence 
that life may have once existed on that planet because our previous 
era of exploration which ended with the Viking mission in '76 clear­
ly told us that there were warmer and wetter climates early in the 
history of Mars. There's clear evidence of running water on that 
planet and ancient lake basins and catastrophic flooding. 

And if that's the case, then why in those early days would not 
Mars have generated life as this planet may have once done, and 
its ultimate fate undetermined, of course? 

So that's been one of our goals in the Mars surveyor program 
among looking for climate changes that are relevant to those that 
occur in our own earth here and understanding Mars as a potential 
target for human exploration. 

So that's been part of our game plan in developing the Mars sur­
veyor program all along, which, as you know, is intended to send 
one, if not two, launches to Mars every 26 months, when the plan­
ets are appropriately aligned. 

What this announcement has done for us, however, is to force us 
to kind of go back to the drawing board a little bit and look at a 
different strategy, which is, instead of ultimately looking to get any 
sample from the surface that's interesting-geochemically, what­
ever-what would it take to try to maximize the probability that 
that sample we brought back contained evidence in it on early life 
on Mars? 

That's a different story. That's a very selected sample. 
Mr. ROEMER. Dr. Huntress, let me just interrupt for a second and 

try to clarify what you've already said. 
So far, to the best of my understanding, there is testimony here 

today that says that we don't have anything-it's not conclusive, 
but there's good evidence that there may be something. 

The first part of my question was how long will it take for us to 
determine whether there is something and whether we can come 
to some kind of conclusion on this? 

Is it a year? Is it two years? 
Dr. HUNTRESS. It's a year or two. That in fact is our first order 

of business, is to make sure that we do all the research on this 
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suite of Martian meteorites, these 12 Martian meteorites, that we 
can in order to try to come to some consensus within the science 
community as to what this evidence really does mean or does not 
mean. 

We should also, working with the National Science Foundation, 
go back and look for more of these things because most of the rocks 
in this collection are much younger than this old one. 

So that's the first order of business. 
And the second is that, at the same time, figuring out what our 

strategy ought to be if in fact this evidence turns out to be true. 
Mr. ROEMER. Now what do we do, Dr. Huntress, if this is true? 
There's a great deal of skepticism out there right now. We've got 

some critics. Maybe we should have the critics testify and tell us 
their side of the story as well, too. 

But let's say that what we found truly has evidence that there 
may have been life on Mars or there could be some kind of future 
potential. 

What do we do with the declining NASA budget? And how do we 
shift priorities around when we have had priorities on Pluto, on the 
new discovery from Galileo that one of Jupiter's moons has liquid 
water, the new generation telescope, Mission to Planet Earth. 

We've got a host of things that have been taking priority here. 
How do we do that given that we have a declining budget? 

Dr. HUNTRESS. I think that if this evidence holds up, that it real­
ly adds an imperative that we not only continue to do those things 
because they're all headed in the direction of trying to understand 
our place in this solar system and universe, but I think it would 
speak to a need to accelerate what ~e're doing in trying to under­
stand the origin of not just life, but of planets themselves as the 
abode of life in the universe, and are there other planets out there 
where life could have started? Are there other places in this solar 
system, such as Europa, for example, where life might have start­
ed? 

Our current Mars surveyor program is highly, highly . con­
strained, as you know. And to get a sample back from Mars within 
the current resource budget of that program, even as early as 2005, 
is going to be extremely difficult. 

In fact, we're not quite sure we know how to do it yet. 
But if it turns out that the evidence points in the direction that 

life started on some place other than the earth, that's pretty pro­
found and I think goes right to the gut level of what people are in­
terested in. 

And that is, are we alone in this solar system or this universe? 
Mr. ROEMER. Thank you, Dr. Huntress. 
Mr. SENSENBRENNER. The gentleman's time has expired. The 

gentleman from Arizona, Mr. Salmon. 
Mr. SALMON. No questions, Mr. Chairman. 
Mr. SENSENBRENNER. The gentleman from Pennsylvania, Mr. 

Walker. 
Chairman WALKER. Thank you, Mr. Chairman. 
I am delighted to be here to welcome the panel here today and 

discuss this particular topic, which of course adds a note of excite­
ment to all that we have been doing in space activities for many, 
many years, and of course, begins to very much justify the kinds 
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of efforts that have been put forward in exploring our solar system 
and exploring as far out into the universe as human kind can pos­
sibly go because the potentials for these kinds of finds are greater 
with each step we take. 

And so, I thank you for coming here today. I thank you for bring­
ing the meteorite sample and for being a part of this. 

I'm interested in a couple of things and I'm sorry that I wasn't 
here earlier. I had to be over on the floor for a few minutes. 

Do I understand correctly that at least the testimony up until 
now, Dr. Huntress, is that the missions that we have previously 
planned to go to Mars are in fact the right steps to be taking in 
order to begin exploiting this new discovery? 

Dr. HUNTRESS. Yes. In fact, the Mars surveyor program is in­
tended to be kind of a long-term series of missions to explore Mars 
and looking for evidence of life was one of the objectives of that 
program, and to do that at a measured and systematic pace. 

The idea of a sample return has always been part of the long­
term scenario for that series. But the earliest possible date we've 
been thinking about prior to this announcement was 2005 launch, 
2008 return. 

Chairman WALKER. But this new information is likely to have us 
look at some different sites that may have a far greater potential 
for giving us evidence of these life forms. 

Is that correct? 
Dr. HUNTRESS. Yes, that's correct. So we're looking at a different 

strategy, a different approach, which would be to get a different 
kind of sample back that would have this type of evidence. 

And that requires a lot of prior work before you actually go there 
and pick it up and bring it home. 

Chairman WALKER. And obviously, there is some desirability at 
some point in the future for us to be able to have men and women 
go to Mars and actually do the kind of sampling that human beings 
are capable of doing. 

But it seems to me that there are two things that enter into that 
picture as well. 

General Stafford, would you agree, we have to do a good bit of 
life sciences work, for instance, aboard the Space Station before we 
probably are ready to embark upon that kind of a human mission? 

General STAFFORD. Well, Mr. Walker, the life science we outlined 
in the synthesis report group from the Space Station, would pri­
mary focus there-it's just the long duration mission to determine. 

Chairman WALKER. Right. 
General STAFFORD. Since the time out there is probably a maxi­

mum of 270 days each way. The minimum could be 150 days each 
way. 

Chairman WALKER. But, as I say, the kind of work that we're 
going to do aboard the Space Station in terms of long duration or­
biting and humans is in fact a contribution to a long-term flight 
that would be required to go to Mars. 

Is that correct? 
General STAFFORD. Yes, sir, it is a contribution. 
Chairman WALKER. I don't believe it's been raised yet, but it 

seems to me that this is one of the arenas where we may want to 
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begin to explore the potential of internationalizing any kind of mis-
sion. . 

Would there be agreement by this panel that some kind of an 
international effort to combine resources toward doing a long-range 
mission that would ultimately involve humans on Mars would be 
a good idea? 

Dr. HUNTRESS. The answer is yes, wholeheartedly. 
In the science part of the program, the robotic scientific missions 

to Mars, we are doing our best to internationalize the current Mars 
surveyor program. In fact, we've been talking to the Russians about 
a really truly joint mission in 2001. 

The way I'd characterize our current approach is one in which 
some nations participate in another's mission. But we're going to 
try to change that so that we are actually true partners, at least 
in the robotic mission. And I think General Stafford will tell you 
where that needs to be done in the human scope. 

Dr. ZARE. May I add on to that? 
Chairman WALKER. Sure. 
Dr. ZARE. We've already benefited from international coopera­

tion. It was actually Japanese research scientists who first identi­
fied that there were meteorites in Antarctica. It wasn't recognized 
right away. What were these stones doing in this bluish-white 
icesheet? 

And if I might, let me express my thanks to Chairman Walker 
and all his Committee for the help yesterday in getting the House 
to approve a sensible environmental protection program for Antarc­
tica so that we can continue to do research there while preserving 
the environment. 

Thank you so much. 
Chairman WALKER. Thank you. 
General STAFFORD. On the manned mission, Mr. Chairman, we 

outlined in the synthesis group that it was a potential for cost sav­
ings to work in an international effort. 

But we didn't have the resources to go into details. But very defi­
nitely, from some of the technologies that the Russians developed, 
and some of the other countries, it would do that. 

But before we would talk, really, in a focused way, I think we 
should also set our own priorities in this country, sir. 

Chairman WALKER. My time has expired, but I just wanted to 
make one point. 

And that is, I agree with the last point you made-we need to 
set our own priorities. But I do believe that there is an opportunity 
here to get the international community very excited about all of 
this, too. 

In talking to some parliamentarians from other nations in recent 
weeks since this has been announced, a lot of them are expressing 
a lot of excitement about this potential find. And I think there's an 
opportunity here to begin to weld together a coalition that goes be­
yond just some bilateral associations with the Russians, but com­
bines many nations in the world that would be willing to put re­
sources into the ongoing efforts to learn more about this discovery. 

Dr. McKAY. If I might make a brief comment on that. 
That process has already started in a way because we are form­

ing up teams with people in England, with people in Japan, to 
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study these meteorites . And each one of those labs that is working 
with us is in contact with their government and with their space 
activities. And there's a tremendous interest being stirred up by 
this. 

Chairman WALKER. Yes. Having been to the South Pole, there 
are a lot of these little black rocks that are all over the place down 
there. So there may be lots of potential. 

[Laughter.] 
Dr. ZARE. In that matter, I might add, we get sample returns 

ready at the rate of about two tons a year coming to the earth. 
They're just unplanned-for sample returns and most of them go 
into the ocean and are lost. 

Mr. SENSENBRENNER. The gentleman from Texas, Mr. Hall. 
Mr. HALL. I have a question. I'm not real sure what I want to 

ask. 
But I think as in asteroids, we've had hearings on asteroids and 

had testimony to the effect that it seemed like in '89, one missed 
the earth only by about 15 minutes and we didn't know about it 
until it was passed and gone. 

It would be pretty hard to gather up tax money to plan for a way 
to split asteroids if they were headed in this direction if we knew 
they were. 

I don't know how much money we're talking about there, but as 
Congressman Walker talked about, that's a world problem and 
ought to be handled-it's a global experiment and ought to be han­
dled globally by global tax money as something like this should be. 

But I have some concern about all of these figures that we use­
a 4-112 billion-year-old rock on Mars, a huge impact, about 16-mil­
lion years ago. 

We have a lot of people who are pretty satisfied with the bible's 
reflection of the creation and of time. I have a hard time pulling 
those together. 

I know the bible says Methusala, I think, lived to be 869 years 
and he died. I doubt that anybody lived that long. They probably 
figured time a little bit different then. 

But the bible tells us that God created the earth and on the sev­
enth day, he rested. And here, we're 16 million years and 41f2 bil­
lion-year-old rocks and things. 

How do we know whether life developed independently on Earth 
and Mars? Or I guess that's the reason you want to probe. How do 
we know whether or not life spread from Earth to Mars or from 
Mars to Earth? 

Or maybe from somewhere else in the solar system to earth and 
then to Mars, or from Mars and then to Earth. 

Does anybody want to touch that? 
[Laughter.] 
Dr. HUNTRESS. Well, one of us is going to have to, I think. 
[Laughter.] 
Mr. SENSENBRENNER. Going once-­
[Laughter.] 
Mr. HALL. Or to be continued, maybe. 
[Laughter.] 
Mr. SENSENBRENNER. Dr. Huntress? 
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Dr. HUNTRESS. Well, I don't think we do know. And you're right. 
That's one of the things that we would like to try to find out. 

It's going to be fantastic enough if we find out in fact that life 
got a foothold by whatever means on another planet in this solar 
system. 

As to whether or not it arose independently on Earth or Mars or 
whether one of the other planets seeded the other through this 
mass exchange through large impacts, or whether or not, in the for­
mation of the solar system,. material entered our solar system in 
part of the natural formation process through cometary material or 
whatever seeded these planets with the right ingredients. 

All these things are speculations that actually drive a lot of the 
science community in trying to find out what the origin of life is 
in this universe and on this planet. 

So those are cosmic questions that are going to drive our science 
for some time. 

Dr. ZARE. I'd like to talk about this question of life on earth. 
When I grew up, I was told about various animal and plant king­

doms and I had the picture of most life being on the ground or 
above-ground. 

Now I'm learning there's lots of life, not only in the ocean, but 
below the ocean's floor and in our ground miles down deep, people 
find things. 

Just last week, there was a report of a new type of bacteria 
that's never been seen before that seems to eat hydrogen and give 
out methane-methanococcus bacteria. 

We have lots to learn still about just what life is on earth. 
Mr. HALL. Are these worm-looking things on the black and white 

picture that you've given us, are they supposedly Martian bacteria? 
Dr. McKAY. That is our interpretation, that those may be the fos­

sil remains of Martian bacteria. That's a possible interpretation of 
what we see there. 

Mr. HALL. Do you fmd any evidence of cell walls or other small 
cell organs? 

Dr. McKAY. We are in the process of carefully looking for cell 
walls. We have not yet found cell walls. But we have developed a 
new technique that will enable us to cut very thin sections through 
features like the one in the picture and look for cell walls. 

Mr. HALL. Has your work or your probe since the initial release 
changed any or confirmed the fact that we are dealing with bac­
teria? 

Dr. McKAY. We really have no new data to change our mind or 
add to our story. We have developed this technique to try to picture 
the cell walls. And that's what we plan to do very soon. 

We have set up some collaborative teams using other techniques, 
other instruments all over the world. One thing that we're going 
to do is use a fluorescence technique which will enable us to see 
organic material visually as it fluoresces. 

So the answer is that we don't have-we've not made real 
progress on the data, but we're setting up so that we plan to in the 
future. 

Mr. HALL. Thank you. I thank the Chair. 
Mr. SENSENBRENNER. The gentleman from Minnesota, Mr. Lu­

ther. 
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Mr. LUTHER. No questions, Mr. Chairman. Thank you. 
Mr. SENSENBRENNER. I would like to thank all of the witnesses 

for their very interesting testimony. I can say that during this two­
year term of Congress, this has been the most interesting hearing 
that we've had. 

And I hope that we'll be able to build on that in future times as 
the science develops. 

We have received written testimony from the Planetary Society, 
the Space Frontier Foundation, and the National Space Society, 
which the Chair asks unanimous consent be included at the end of 
the hearing record. 

Hearing no objection, it will be included. 
And with that, the Subcommittee stands adjourned. 
[Whereupon, at 11:25 a.m., the Subcommittee was adjourned.] 
[The following material was received for the record:] 
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NASA'S ROCKY FUTURE 

Dr. Louis Friedman 
Executive Director, The Planetary Society 

Statement to the Science Subcommittee on Space and Aeronautics 
U.S. House of Representatives 

September 12, 1996 

Thank you for the invitation to appear before the Space and Aeronautics 

Subcommittee. Unfortunately, I am unable to attend and offer this statement 

for the record. 

A team of NASA and university scientists presented to the world on 

August 7 the first substantial evidence that life may have arisen on Mars. The 

discovery must still be confirmed and the scientific process must be exercised. 

But, if confirmed, the detection of fossilized microbes beyond Earth would a 

profound revelation that would change forever how humanity views its place in 

the universe. 

The evidence of life on Mars comes from a meteorite that fell to Earth 

apparently after it was blasted off the surface of the red planet by the impact of 

a comet or an asteroid. Within the rock are tiny fissures, where scientists have 

identified organic matter they believe to be microfossils that lived 3.5 billion 

years ago. 

The possible discovery of fossil remains in the meteorite is the most 

provocative and evocative piece of evidence for life beyond Earth. If verified, 

it suggests that life exists not just on planets in our solar system, but throughout 

the universe. 

The implications of the announcement reach beyond science and touch 

our society in many far-reaching ways. For all of history, we have asked if life 

on Earth is unique. Now, for the first time, there is scientific data to examine 

so that we can begin to answer the question. 

The evidence of microfossils from Mars requires additional study. There 
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is much we still do not know . The discovery does not indicate conclusively 

that life on Mars once existed or exists there now; nor does it tell us about the 

origin of life. The findings must be confirmed by additional investigations, and 

even then we will have just begun to understand the processes involved. 

Exploring Mars to Learn About Earth 

Mars and Earth formed about 4.6 billion years ago. Both bodies 

experienced complex evolutions and may have cooled in a similar fashion. 

Carved on the surface of Mars are ancient flood plains that suggest the climate 

once was warm and wet, with a thick atmosphere. Today, the planet is cold, 

arid, and forbidding, with a thin atmosphere of mostly carbon dioxide and no 

protective ozone layer. 

Through comparative planetology, scientists hope to learn why the 

climate of Mars changed over time. They want to understand why the 

planetary bodies evolved with different internal structures, surface features, 

chemical composition, and atmospheres. The knowledge is essential to 

understanding the universe and answering questions about Earth. For instance, 

by investigating the atmosphere of Mars --and that of Venus, which has a 

dense atmosphere of carbon dioxide and is suffering from a runaway 

greenhouse effect-- scientists can better understand Earth's global climate, 

including the problem of ozone depletion and the impact of carbon dioxide 

emissions from automobiles and burning fossil fuels. 

Within the Martian soil there may be clues to the origin of life on Earth. 

The oldest fossil remains discovered on our planet date back 3.5 billion years 

ago. Because of tectonic activity and the recycling of the planet's crust, older 

records have not been recovered. Most of the surface features on Earth were 

formed in the past 100 million years. On Mars, because much of its crust has 

not substantially changed over time, scientists may be able to locate fossil 

remains to piece together the earliest stages of life. The organic matter in the 
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meteorite from Mars offers a tantalizing glimpse of discoveries that may lie 

ahead for scientists in their investigation of the planet. 

The Mars Program 

More than 20 years have passed since America placed a spacecraft on 

Mars. NASA attempted to send the Mars Observer to the planet in 1992, but 

as it prepared for insertion into orbit, it suffered a catastrophic explosion. 

Instead of replacing the probe with another large and expensive vehicle to 

recover the lost science, the space agency initiated the Mars Surveyor Program, 

which relies on small, low-cost spacecraft to gather scientific data. Every 26 

months , when Earth comes into favorable alignment with Mars, NASA plans to 

launch probes to the red planet. 

NASA can afford to send a series of missions to Mars because of its new 

policy of building probes that are "faster, cheaper, and better." The fruits of 

the Mars Surveyor Program are just coming to bloom. In November of this 

year, NASA is scheduled to launch the Mars Global Surveyor, which fulfills 

many of the scientific objectives of the Mars Observer. The spacecraft will 

orbit the planet to compile a detailed map of its topography, determine the 

mineral distribution, and measure the water content in the soil. The module 

also will serve as a communication relay station for future spacecraft that land 

on the planet's surface, including the Mars Pathfinder, which also is scheduled 

for launch late this year. 

Mars Pathfinder is the second project in NASA's Discovery Program, 

begun in 1993 to promote the development of small, highly-capable, low-cost 

probes to explore the solar system. Mars Pathfinder is designed to validate new 

technology and landing methods that, if successful, will reduce substantially the 

cost of future missions to Mars. 

The 1,870 pound Pathfinder will approach the red planet at 17,000 mph, 

then steer into the upper atmosphere to reduce its speed in a process called 
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aerobraking. At 32,000 feet a parachute will deploy . After airbags that 

surround the vehicle inflate, small rockets will ignite. The spacecraft will slow 

to a stop a short distance above the surface, then drop to the ground, cushioned 

by the airbags. 

Pathfinder resembles a three-sided metal pod. Once on the surface of 

Mars, it will unfold like "pedals of a giant metallic flower," revealing several 

scientific instruments and a six-wheeled rover attached to one side. The semi­

autonomous vehicle, named Sojourner, after the 19th century human rights 

advocate and abolitionist, Sojourner Truth, is powered by a solar panel and will 

drive onto the alien landscape, taking pictures and examining the chemical 

composition of rocks and soil. 

In 1998, NASA plans to launch another orbiter and lander to Mars. The 

two modules will incorporate new , miniaturized technology to reduce by half 

the weight of the overall payload, as well as the size of the launch vehicle 

needed to boost the craft to Mars. In 2001, the space agency is scheduled to 

again send an orbiter and a lander to the planet that are even more compact 

than those of the previous mission. 

As now planned, none of the future spacecraft are carrying instruments 

specifically designed to look for evidence of life. In 2005, NASA is looking to 

return to Earth the first soil sample from the Martian terrain. But now, in light 

of the discovery of possible life on Mars, this timetable is being reexamined , as 

well as the selection of instruments for future missions. 

Between the Mars Rock and a Hard Place 

In space science, America is entering a new dawn of discovery, in which 

low-cost probes are being launched every year to explore different facets of the 

solar system. Adding to the excitement, raised by the suggestion of life on 

Mars, there is growing speculation that conditions for life may exist on Europa, 

a Jovian moon whose icy surface may conceal a global ocean. 
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Given this spirited agenda, NASA 's future may seem promising . But, in 

fact , the space agency is facing potential disaster because of deep budget cuts 

proposed by the White House and Congress. NASA currently operates on 12-

percent less funding than what it received in 1992. The Administration wants 

to cut the agency's budget by a further 22 percent, from $13.8 billion in 1997 

to just $10.7 billion in 2000 (1997 dollars adjusted for inflation). Future 

spending levels proposed by Congress are almost as bad, with members 

supporting an IS-percent reduction during the same period. 

So far the space agency has been able to operate on declining budgets by 

eliminating waste and streamlining operations. But the future proposed cuts are 

too severe to absorb. NASA cannot hope to achieve the rollbacks in funding 

without terminating major scientific programs and probably shutting down 

research centers . 

It is under this darkening cloud that scientists are examining what options 

may be available to collect additional evidence of life on Mars. One possibility 

being discussed is to advance the timetable for a sample return , now being 

planned for 2005. But as we learned from the Viking mission in 1976, taking 

soil samples from only two sites, with stationary spacecraft and without careful 

a priori site selection, restricts our ability to learn about potential life on Mars. 

To aggressively seek out evidence of life on the planet, we need rovers to 

explore the most promising terrain, then we need to take core samples from 

several locations and return them to Earth for examination -- a formidable 

challenge. More than a single sample from Mars will be required. 

But the budget cutbacks at NASA will squeeze out the possibility of a 

useful sample return. Indeed, as The Planetary Society testified in July of this 

year, the projected cuts in space science will probably force the curtailment of 

missions already in the pipeline. If the future budgets proposed by either the 

White House or Congress hold fast, missions to rove and dig on Mars, and 

return samples, will be impossible. 
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Stabilize NASA's Budget 

NASA's space science program receives about $2 billion annually , and it 

is shrinking rapidly. In FY 1997, the program will be cut by $175 million. 

Cynics quoted in the media suggest the meteorite discovery is a ruse to prompt 

a big jump in funding for the space agency. But it seems good news is hard to 

accept. A boost in NASA's budget is not necessary --just no more decreases . 

To explore Mars, the space agency does not need an Apollo-size infusion of 

money. America can ill afford to open its federal coffers and spend tens of 

billions of dollars, as it did in the 1960s when President Kennedy committed the 

U.S. to landing a human on the Moon. At the same time, NASA cannot be 

expected to perform a worthy exploration of Mars when future budgets decline 

by more than eight percent a year and funding remains doubtful for the projects 

now underway. 

With this in mind , the most important first step to take in response to the 

Mars discovery is to stabilize NASA's budget and stop the debilitating cuts that 

now are proposed. Within NASA, space science should be made a high 

priority, a recommendation often voiced in theory, but as yet not implemented . 

Operating faster, cheaper and better is an ongoing process at the new 

NASA. The agency can be expected to continue to implement reforms to 

stretch every dollar. If the space agency ' s budget can be held steady and 

funding for space science maintained at the 1997 level with adjustments for 

inflation, I'm convinced NASA can find a way to get to Mars and affordably 

continue the exciting search for extraterrestrial life -- an adventure that will 

make our nation and the world proud. 

In a few years, we will know substantially more about Mars and can plan 

the next stages of exploration by robots and humans. By 2002 , the 

International Space Station should be operational. By the following year, 

assuming funding is made available, scientists will have had an opportunity to 
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rove the surface of Mars and study a half dozen new sites. By 2005, we should 

have our first sample returned. 

NASA is not alone in the quest to explore the red planet. Internationally, 

expertise and interest in planetary science is growing. The United States and 

Russia have agreed to explore Mars together in a series of cooperative efforts. 

The 2001 mission, as now planned, includes a Russian-launched spacecraft with 

a highly mobile rover. Japan, too, has a Mars mission scheduled in 1998. By 

working together and pooling resources, The Planetary Society believes the 

international community can aggressively explore Mars and determine in a 

reasonable period of time whether life there once existed or possibly continues 

to exist. The exploration of Mars can be the hallmark of this century's end and 

the beginning of the new millennium. 

But once again, NASA cannot hope for such achievements when its 

budget is tumbling downward, creating chaos and forcing officials to deal with 

internal problems, instead of creatively finding ways to explore Mars. 

Are We Alone? 

Humans have long pondered the origins of the planets and of life itself. 

With modern robotic probes, we have leaned more about our solar system the 

past 30 years than in all previous history. The journey into space finally has 

evolved to the point where scientists can begin to answer how our solar system 

originated and life evolved on Earth, and possibly on other planets. 

It is this quest that we now have before us. Confirming the possibility of 

life on another world is within our grasp. Since humans first gazed at the stars, 

we have questioned whether we are alone. The issue is fundamental to who we 

are and how we see ourselves. Now, as a nation, we must decide whether we 

have the vision and the will to venture forward, to vigorously explore Mars to 

answer underlying questions about our solar system and the origin of life itself. 
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FOUNDATION News Release 
Contact: Rick Tumlinson@ (800) 631-0627 or Charles Miller@ (707j649-0225 

Citizen's Group Warns Against Bureaucratic Rush to Mars 

FOR IMMEDIATE RELEASE- (August 7, 1996)- The Space Frontier Foundation, a natiOnal 
grass roots space policy and media organization today warned against any effort to create a 
massive international program to explore Mars Citing the huge costs and almost decade long 
delays caused by a similar approach to building the International Space Stat1on . the Foundation 
called for the President to order NASA to try new, mnovative and much lower cost methods in 
the quest for knowledge about the possibility of life on Mars . For example, as a first step, the 
organization wants the U.S. to offer to buy Martian soil samples from U.S. firms. saving 
taxpayers billions of dollars , while encouraging a now struggling domestic space industry 

According to Rick N. Tumlinson , President of the Foundation, "NASA's traditional methods to 
retum a sample of Mars soil would cost around $8 bill1on, a far better way would be for the 
space agency to procure soil samples from private firms. which are better equipped to rrount 
low cost missions than the government. We believe this would cost the taxpayers a tenth of !he 
traditional govemment-does-it-al! approach .· 

Today's news of the possibility of life on Mars will inev1tably lead to calls for sample return 
missions from the red planet. to provide definitive answers to the questions raised by this 
exciting discovery. The Foundat1on believes that the traditional NASA bureaucratic style has 
been discredited, and points to NASA Administrator Dan Goldin's own move toward produc1ng 
"cheaper, faster. and better'' results by procunng launch serv1ces from private firms, privatizing 
shuttle operations, and the new X-33 government-commercial sector partnership. 

Tumlinson stated: "We can spend tens of billions of dollars today on a series of huge 
intemational projects that might someday in the future repeat the old Apollo flags and footsteps 
stunt in the red sands of Mars, or we can toss out the old way of doing things, save billions . get 
there faster and create a new and vital space industry that can provide the infrastructure we 
need to permanently open the space frontier to our children . II all boils down to making the right 
decisions today. " 

The Space Frontier Foundation is a grass-roots organization of American cttizens dedicated to open ;'1g 
space to economic development and human settlement as soon as possible. 

For information on the Foundation ca111-800-78SPACE 
57 East 11th street, 9th Floor, New York City 10003 

Email: OPENFRONTIER@DELPHI.COM 
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1-8 Space News 

Life on Mars 

As we go to press, NASA scientists have announced a startling 
discovery revealing strong circumstantial evidence of past microbial life 
within Antarctic rock samples that had previously been ejected from Mars 
by meteoric impact. The evidence includes complex organic molecules, 
magnetite and other typical bacterial mineralogical residues. and ovoid 
structures consistent with bacterial forms. 

The response to this discovery has been electric, with banner 
headlines in thousands of leading newspapers , non-stop coverage on CNN, 
and a call by President Clinton for a national space summit to reconsider the 
future strategy and priority of the American space program by the end of the 
year. Said Clinton: "the American space program will put its full intellectual 
power and technological prowess behind the search for further evidence of 
life on Mars ... For if the discovery can be confirmed it will surely be one of 
the most stunning insights into the universe that science has ever 
uncovered.'' 
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The President's move could not have been better conceived or better 
timed. Just the day before, a National Space Society press release called for 
precisely such a summit. 

This is a historic moment, and the President needs to seize the time, 
as John F. Kennedy did in the spring of 1961, to launch the American space 
program into a bold new initiative. 

The United States needs to set itself the goal of landing humans on 
Mars within a decade. There is no doubt this can be done- despite the 
greater distance to Mars, we are much better prepared today to send humans 
to Mars than we were to launch humans to the Moon in 1961 when JFK 
committed the nation to that goal. Cost is not really the central issue either; 
NASA's average budget during the period 1961 to 1973, when it built up 
from near-zero space capability to storm heaven with the Mercury, Gemini, 
Ranger~ Surveyor~ Mariner, :t-."'ERV A, Apollo, and Skylab, programs was 
$15.4 billion in 1994 dollars. That is only 18% greater than NASA's current 
budget. The problem is not lack of money but lack of focus and direction. 
For the past two decades the US space program has floundered without any 
central motivating goal. As a result, funds have been spent at a rate 
comparable to that ofthe 1960s without producing anything approaching 
commensurate results. 

The discovery of micro-fossils in Martian meteorites makes the 
presence of human explorers on the Red Planet essential, because it shifts 
the focus of Mars exploration to fossil hunting, an activity m which human 
mobility, versatility, adaptive intelligence, and intuition are mandatory. 
America's mountain states abound in dinosaur fossils, yet you could spend 
the next ten thousand years parachuting cameras into the Rockies without 
finding any. To find the fossil beds that will reveal the ancient Martian 
biosphere in its true glory will take human explorers, re<:~llive rock hounds, 
on the scene. To drill deep iuto the ground to bring up sub~surface water in 
which Martian life may yet exist will take human prospectors and drill-rig 
teams working out of a pennanent Mars base. 

In the 1960s the Moon was the goal that forced the nation's reach to 
exceed its grasp, in the process forcing us to develop computers and many 
other technologies whose resulting economic spin~off is still unfolding 
today. The space program of the 1960s was an invitation to every youth in 
the nation to join in a great adventure by developing their minds. Today, 
such an invitation is absent, and the result is the existential Generation X. 
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