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If dark matter is odd, life is positively bizarre. Being alive our
selves we take it rather for granted, yet on even the most basic 
and fundamental levels what it means to be in the world of the 
quick rather than of the inanimate is oddly unclear and unde
fined. Life is perhaps the most mysterious property of our Uni
verse. Its existence means that the cosmos is now aware of its 
own existence in at least one place, and maybe countless 
others. 

We do not know how, where or when life began. We do not 
know if it started once on Earth or on many occasions. We do 
not even know for sure if life, our life, began on this planet or 
elsewhere. We do not know if life on Earth is unique, rare or 
startlingly commonplace. Do we live in an isolated oasis, a 
cosmos full of amoebae or a Star Trek-type universe, teeming 
with intelligent species? Finally, we do not really even have a 
proper working definition of what life is. 

Until quite recently these questions were, rather strangely, 
not high on science's agenda. Despite the explosion of biolog
ical research in the 20th century, the most fundamental ques
tions about life remained strangely on the fringe. As to the 
origin of life, for example, the consensus view that Charles's 
Darwin's throwaway line about the first primitive beings aris
ing spontaneously in a 'warm little pond' would more or less 
do. This 'primordial soup' hypothesis sounded so plausible, so 
eminently believable, that it was probably thought best to 
leave it alone. 

Speculating about life in space was, until quite recently as 
well, rather infra dig. The whole notion of the alien had been 
popularized by science fiction, the delusions of the UFO bri
gade and by people like Percival Lowell and Arthur C. Clarke, 
who straddled the borderlands between science and fantasy. 
The fact that when serious space exploration began in the 
1 960s and it was found that the first worlds we went looking 
at, the Moon and then Mars, seemed almost certainly lifeless, 
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led to the view that alien life was not really something that 
proper scientists concerned themselves with. 

But it is all rather different now, and the nature and origin of 
life is one of the hottest questions in science. Astronomers 
have made several startling discoveries in just the last few 
years that seem to make the possibility of life elsewhere far 
more likely than even a couple of decades ago. 

'Biogenic' chemicals closely associated with life, from simple 
elements like carbon to complex organic molecules like amino 
acids, have been found everywhere we look. We can detect 
molecules like ethanol spectroscopically in distant dust and 
gas clouds, and when we crack open meteorites we find far 
more complex compounds that may be the precursors to life 
itself. If all that life needs to get going is the right chemistry 
and a nice warm planet to live on, the inescapable conclusion 
is that it is everywhere. 

1 
• 

The origin of life on Earth is still a rather embarrassing mystery. 
If it were a religious issue the best analogy would be that of the 
Second Coming. A central tenet of the Christian faith, the 
return of jesus Christ, is now more or less ignored by the main
stream churches, despite the fact that in the early days of the 
church it was a hotly debated issue. 

Something quite similar seemed to be the case with bio
genesis until fairly recently. Most textbooks seemed to gloss 
over the problem, much as Darwin himself did, speculating 
that the horrendously complicated biochemistry necessary for 
life somehow bootstrapped itself into existence in that warm 
little pond. Take a handful of carbonaceous gloop (without 
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asking too hard how it got there), add some fire and brim
stone from the nearest volcano, whisk in methane, hydrogen 
and carbonaceous smog from the primitive atmosphere and 
round off the recipe by zapping the whole concoction with a 
blast of lightning and Bob's your protozoan. 

This is what we can perhaps call the Frankenstein scenario. 
Other possibilities for the start of life on Earth can be summa
rized as the Hot Deep Rocks hypothesis, where life is posited to 
have started either underground or around undersea volcanic 
vents, rich in nutrients. And then there is the It Came from 
Outer Space theory. All have their devotees, all have their 
unarguable points and all have serious flaws. They might all be 
wrong or, conversely, they might all be right. 

Understanding how life started - and how likely it is that we 
will find it elsewhere -would be a lot easier if we could decide 
just what it is. Living things are made of non-living stuff; there is 
no 'life element' that always gives a special spark to whatever it 
is in. We are made from the same stuff as the rocks and the sea, 
the planet Jupiter and indeed the star Alpha Centauri, none of 
which, so far as we know, can possibly count as being alive. 

So what is it that makes certain jumbles of perfectly normal 
atoms and molecules alive and others not? Living things, to 
take a purely reductionist view, can be seen as little more than 
very elaborate crystals. I remember a schoolteacher of mine, a 
very dry man who lived in the worlds of mathematics and 
physics, dismissing the whole field of biology as 'glorified 
chemistry' and chemistry as 'an unnecessary elaboration of 
physics'. Biology teachers say that something is 'alive' if it can 
move, feed, excrete, reproduce and respond to stimuli. But 
the trouble is, this definition is not really a definition at all, but 
a contingent description of what we see around us that we 
have all agreed is alive. 

Does life have to be capable of evolution by natural selec
tion? Several definitions of life hold that it does, but why? It is 
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perfectly possible to imagine a biosphere where the dominant 
mechanism of evolution is not natural selection but genetic 
drift or some other process. What about artificial organisms? 
Several people and firms now seem to be a mere grant pro
posal away from creating a truly synthetic life form. 

If we did this and directed its evolution, then would it not be 
alive? Are viruses alive? They are made of the 'life stuff' DNA 
and protein, yet they can be crystallized in a petri dish. You 
cannot crystallize, say, baboons or snakes. Part of the popular 
view of life is that only life can think, yet clearly most of it 
cannot, and some things, such as computers, that may be 
able to 'think' in a limited way (or at least will be able to soon) 
are clearly not alive. 

So, what is life? One very popular if rather floppy definition 
is 'We don't know exactly but we will hopefully know life when 
we see it'. Defining what we mean by life on Earth is hard 
enough, so creating a catch-all definition of life that works 
everywhere else (assuming that there is life anywhere else) is 
going to be a great deal harder again. 

Scientists and sci-fi writers have, after all, postulated life 
forms based on all sorts of outlandish chemistries and even 
more outlandish types of physics. In their charming book 
about the end of time, The Five Ages of the Universe, physicists 
Fred Adams and Greg Laughlin dream up an intelligent black 
hole called Bob. He is quite plausible. So are the life forms 
dreamt up by the gravitational astronomer .and novelist 
Robert Forward, which are made not of carbon, nor even 
silicon, but neutron matter, the famously bizarre stuff of 
collapsed stars, a spoonful of which weighs as much as a 
battleship. 

If life depends on organization and complexity (the possible 
seeds of a definition) then it is quite easy to imagine living 
beings arising in the magnetized interiors of stars, vast intelli
gent entities using the quantum property of entanglement, or 
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the huge semi-permanent and constantly evolving whorls and 
eddies in the atmosphere of a gas giant. 

The exciting implications of finding life elsewhere are what 
have fuelled the growth of the new discipline of astrobiology, 
described by one wag as 'the only science without a subject 
matter'. Astrobiologists are working on the assumption that if 
there is life out there we will be able to identify it as such, and it 
is astrobiologists who perhaps have the most vested interests in 
coming up with a workable and firm definition of what life is. 

The suggestion that life is something that we will recognize 
when we see it is perhaps not popular with these people. In 
December 2006, Robert Hazen, professor of Earth Science at 
George Mason University in Virginia, wrote in New Scientist 
that 'I think the chances are good we won't [my italics] know 
alien life when we see it'. 

A meeting held in the US that year to discuss the definition 
of life came up with answers that ranged from the sublime to 
the ridiculous. One expert on lipid molecules argued, rather 
parochially, that we must be searching for semi-permeable 
lipid membranes (which envelop every cell in the kind of life 
we know). Another expert on metabolism maintained that life 
began with the first self-sustaining metabolic cycle. 

Yet others maintained that some sort of RNA coding was 
required, while a geologist sided with my old teacher and 
stated that life is essentially no more than a very elaborate self
replicating crystal. Some other definitions: 'Any population of 
entities which has the properties of multiplication, heredity 
and variation' (John Maynard Smith, the evolutionary biolo
gist); 'an expected, collectively self-organized property of 
catalytic polymers' (information theorist Stuart Kauffman). 
Vaguer definitions include 'the ability to communicate' or 'a 
flow of energy, matter and communication'. 

Robert Hazen points out that our total inability to define life 
is wholly unsurprising. After all, we have severe problems 



1 08 1 0 questions science can't answer yet 

separating the living from the non-living, even when it comes 
to our own lives. 

The issue of when human life begins in the womb is hugely 
contentious and has fuelled endless ethical and religious 
debates. A newly fertilized egg is clearly not the same thing as 
a baby, but equally clearly any difference between a 35-week
old foetus and a newborn infant is purely arbitrary. Finally, 
most clearly of all, assigning a definite date for the inception of 
life risks taking us into 'magic spark' territory. 

'At the other end of the human journey', Hazen says, 'doc
tors and lawyers require a definition of life in order to deal eth
ically with patients who are brain dead or otherwise terminally 
unresponsive'. A century ago, you were dead when certain 
vital signs had ceased: when the heart stopped beating and 
when you stopped breathing. Now, in the era of heart-lung 
machines, intensive care and the occasional remarkable recov
ery from the deepest of comas, death seems to be more of a 
process than an event. The best definition we have seems to 
be 'you are dead when the doctors can do no more for you'. 

In the end, a definition of life that distinguishes all imaginable 
living objects from the non-living ones is extremely elusive. Reli
ance on the existence of cell membranes, self-replication and so 
on seem to be arbitrary simply because we can all imagine 
things which we might all agree are alive and yet which do not 
fit these definitions. Gerald Joyce of the Scripps Research Insti
tute has suggested a 'working definition' as simply 'any chemi
cal system capable of undergoing Darwinian evolution'. 

This definition, which is liked by Hazen, seems to include 
everything that we think of as alive, but would exclude things 
like computer simulations and machine consciousness, as well 
as artificial organisms designed to be incapable of adaptive 
evolution. 

Maybe there is, in fact, no clear dividing line between 'clever 
crystals' and what we would call living organisms. Robert 
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Hazen says his favourite idea is that life on Earth may have 
arisen as a thin molecular coating on rock surfaces, a new form 
of complex mineral able to spread and grow a little like lichen 
(although this was most definitely not lichen) according to the 
nutrients available. 

Having a decent definition of life will be necessary if we are 
to stand any chance of finding it elsewhere. Life could of 
course make its presence felt in a very obvious way. But assum
ing that little green men, ray-gun-wielding Martians and logi
cal humanoids with pointy ears are, in galactic terms, thin on 
the ground, then we are probably talking about stuff that is a 
lot more subtle. 

It may turn out, as some suspect, that life is fundamental. 
Life may be very, very old indeed, its precursors forming not 
long after the beginning of time, long before there were any 
planets on which it could get a grip. We may not live in a Star 
Trek galaxy, home to thousands of alien races with funny fore
heads and a rather stilted grasp of English, but we may well 
live in a 'slime mould' galaxy where life, usually of the simplest 
of kinds, is staggeringly common. 

Richard Taylor, the Secretary of the British Interplanetary 
Society, thinks that life may well be so common that there are 
at least ten bodies in our Solar System alone which have it. 
And if he is right about this - he is certainly not alone in his 
opinion - with the discovery that probably half of all stars in 
our galaxies have some kind of planetary accompaniment 
(this is a statistical likelihood basd on the number of extrasolar 
planets discovered in the last dozen years or so), the number 
of habitable - and inhabited -worlds in the Milky Way alone 
will run into the tens of billions. 

Twenty years ago you would have found few scientists will
ing to speculate that there could be life elsewhere in our Solar 
System. This, before the post-1995 wave of discovery of 
extrasolar planets, made the hypothesis that we were proba-
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bly very much alone a popular one. Now it is a quite com
monly held view that there may be several 'local' candidates 
for life, and not just Mars, which has long been held to be the 
most likely second oasis in the Sun's family. At least one moon 
of Jupiter, a couple of Saturn's and maybe a whole new class of 
objects far beyond icy Pluto may plausibly be home to at least 
some sort of microbial life. 

It is possible that precursors to life, like Hazen's rock-coat
ings, are common in environments where the suitable chemis
try is available. Not the surface of the Moon, perhaps, but 
maybe on Titan, Saturn's now not-so-enigmatic largest satel
lite, where occasional cometary impacts and perhaps rhyth
mical climate change allow brief warming periods where such 
not-quite-life-and-not-quite-as-we-know-it chemistry could 
get going. 

Finding fossilized or extant evidence for the precursors of life 
somewhere like Titan would be almost as interesting as find
ing life itself, for it would set a new boundary - the limits 
perhaps of the non-living. Titan has, on its surface, all the 'in
gredients' (in warm-little-pond thinking) for life - lots of nice 
gloopy carbon compounds and water (albeit frozen)- and it is 
geologically active, with materials circulated from below the 
crust, to the surface, into the atmosphere and down again as 
precipitation, just like on Earth. Furthermore, although the 
surface of Titan is rather chilly, underground it may be quite 
different. 

There is just a chance that in our lifetime some sort of con
clusive evidence will be found for life elsewhere in our Solar 
System. The most likely place we will find it is on Mars, 
although it is just possible that something will turn up either 
on Europa, a moon of Jupiter thought to harbour an ocean of 
brine beneath its frozen surface, or Enceladus, another satel
lite of Saturn which we know has liquid water very close to the 
surface (the spaceprobe Cassini has photographed spectacu-
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lar geysers erupting from this tiny moon, which is about the 
size of France). · 

Mars remains the most likely place that we will find evidence 
of extraterrestrial life in the near future. Of course no one is 
expecting little green men or the canal builders of legend, but 
recent discoveries from the Red Planet suggest that it may be a 
more amenable place, even today, for life than was thought 
even when the first space probes arrived in the 1960s. 

In the late 1990s, a space probe called Mars Global Surveyor 
(MGS), now sadly defunct, sent back images of crater walls 
showing apparent 'gullies' and 'alcoves' a few hundred 
metres long and a few tens of metres wide, which the space
craft's imaging team said could only have been carved by run
ning water. Over the years more gullies were found, together 
with thousands of strange dark streaks, all over Mars, that 
some said could only be caused by running water in the very 
recent past. 

Then, in December 2006, an article was published in Sci
ence1 showing comparisons between crater walls a few years 
apart using photographs taken by MGS. The pictures showed 
new gullies sprouting from the cliffs, the suggestion being 
that whatever is causing these features is causing them right 
now. Cue 'Water flows on Mars' headlines and even 'Has 
NASA found life on Mars?' in one newspaper, holding to the 
journalistic maxim that whenever a newspaper headline asks a 
question, the answer will invariably turn out to be negative. 

Now, it must be said here that a few gullies do not mean that 
Mars is inhabited, even by hardy microbes. Perhaps too many 
scientists and journalists have rushed to populate Mars with 
life on the basis of what remains still rather flimsy evidence. I 
am sympathetic to the view of Australian geologist Nick 
Hoffman, whose 'White Mars' hypothesis states that many of 
the features we see on the Martian surface were carved by 
carbon dioxide flows rather than water, either now or in the 
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distant past. 'We are in danger of looking at this planet 
through blue-tinted spectacles' he says. 

We have, at best, circumstantial evidence that Mars has, or 
once had, conditions at or near its surface that would, at a 
push, be capable of supporting life for some of the hardiest 
micro-organisms currently living on Earth. But despite their 
sterling work, it is very unlikely that any of the current genera
tion of robot space probes in orbit or on the surface of Mars 
will discover concrete evidence for life. To do this we will prob
ably need to get hold of some Martian material and study it 
here on Earth or in situ, under the gaze of a human eye. 

Actually, we may not need to go to Mars at all to do this. 
Mars (and the Earth) are being constantly bombarded by 
meteorites, some very large, capable of excavating impact 
craters and sending large amounts of Martian or Terrestrial 
material into space at escape velocities. 

A decade ago there was a huge brouhaha when a meteorite 
(given the snappy label ALH 84001 ), found in the Allen Hills in 
Antarctica, was announced not only to have come from Mars 
but to contain curious tubular structures that were interpreted 
by some as being fossil bacteria. Since then, the verdict has 
swayed back and forth on ALH 84001; the balance of opinion 
now seems to be that the structures are not necessarily indica
tive of life, but no doubt the pendulum will swing back once 
again. 

What does all this tell us? Well, firstly, if we can show that life 
is present, or has been present (the structures in ALH 84001, 
whatever they are, were 'fossilized' several hundreds of mil
lions of years ago) on at least one other body in our Solar 
System we will have to draw one of two conclusions. One is 
interesting, but not a paradigm shift. The other is both. And 
the thing is, we may never know which conclusion to draw. 

The first conclusion would be that life arose somewhere in 
the Solar System and migrated, using the interplanetary 
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meteor courier system, to other bodies. Maybe, as the Austra
lia-based physicist Paul Davies has speculated, the original 
genesis could have happened on Mars. Only later did life 
migrate to Earth. 

There is circumstantial evidence that this could be the case. 
Mars, being smaller, would have suffered less of the hellish 
bombardment that scarred the planets and moons of the 
Solar System in its early days (Mars had less gravity and was, 
simply, a smaller target). Life would have stood a better 
chance of getting a foothold and surviving there early on than 
on the (relatively massive) Earth. It is possible also, that with a 
thinner atmosphere and less Solar radiation, the early Martian 
environment of four billion years ago was more hospitable 
than that of the early Earth. If this is the case, then we would 
all be, as Davies points out, Martians. The War of the Worlds 
would have been won four aeons ago. 

Conversely, life could have begun on Earth and spread to 
Mars. Or it could have begun on Earth or Mars, and spread 
from there to the outer Solar System. If we find signs of life on, 
or under, Europa or Enceladus or Titan, we could be conceiv
ably looking at Martians or Terrestrials. It is also possible 
(although unlikely perhaps, given the distances involved and 
the frigid temperatures pertaining out there) that life first 
arose on, say, Titan, and migrated to Earth. We will only know 
if we manage to get hold of one of these aliens and do a DNA 
analysis. If we find extant life on Mars and discover that it is 
related to life on Earth, it would be a fascinating finding, but it 
might not actually say much about what life is, how it arose 
and how common it is in the Universe. We would simply be 
living in a Solar System full of our cousins. 

But say we found life on Mars and, furthermore, discovered 
that not only was its genetic material completely unrelated to 
that on Earth, but that Martian life didn't even use DNA at all, 
but some completely different chemical. Then we would be 



114 1 0 questions science can't answer yet 

forced to conclude that life had arisen, independently, at least 
twice in our Solar System. 

We could then conclude that since the first place we went 
looking for it, the nearest likely habitat for life, has undergone 
independent biogenesis, and furthermore since this planet is 
quite different in fundamental ways from our own, life is prob
ably not only common but ubiquitous in the Universe. 

But there remains a third possibility. That life arose on Earth 
not as the result of some sort of cross-contamination with 
another nearby planet (or vice versa) but that it arrived in the 
Solar System from somewhere else entirely. 

The idea of panspermia was first mooted by the Greek phil
osopher Anaxagoras, but although long dismissed as unlikely, 
it has never quite fallen to the pit of true scientific dis
reputability. It states, simply, that life is scattered throughout 
space as 'seeds' or 'spores' which propagate throughout the 
cosmos. 

A weak version of the hypothesis, interplanetary lithopan
spermia envisages the situation outlined above- that life could 
arise, once or more than once, on one planet in our Solar 
System and spread to other bodies in the Solar empire carried 
on space rocks (or even space probes in which humankind 
may have unwittingly sparked panspermia in our own neigh
bourhood very recently). A stronger interstellar version posits 
that life could spread between star systems using essentially 
the same means of transport, bits of rocks blasted off plane
tary surfaces during meteor or cometary impacts. 

A more profound kind of panspermia holds that life, or its 
antecedents, permeates space, perhaps in cosmic dust, or tied 
up in the swarms of icy bodies that probably envelop every 
star and are scattered in the voids between. The strongest ver
sion of all posits that life is actually a fundamental property of 
the Universe, and owes its origins to processes and events that 
arose during or shortly after the Big Bang itself. According to 
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this hypothesis, 'life' is every much as fundamental as, say, the 
strong nuclear force or the gravitational constant. 

Before deciding which, if any, of these possibilities is most 
likely to be correct, consider the implications. Firstly, the 
panspermia hypothesis does not really answer any questions 
about how and when life began. It merely pushes the date of 
biogenesis back to before the beginning of life on Earth. It also 
does not speculate on whether life arose just once in the early 
Universe or many times at separate locations. 

One variant of the panspermia hypothesis states that out 
there somewhere, intelligent life is deliberately seeding the 
cosmos by firing huge quantities of DNA into space. This 
again does not solve the genesis problem, and sounds pretty 
outlandish, but it has been taken seriously by some serious 
scientists, notably Francis Crick, the co-discoverer of the heli
cal structure of DNA. Panspermia seems, at first glance, to be 
an unnecessary elaboration on an already elaborate prob
lem. 

But there are several strong arguments for panspermia 
which are hard to totally refute. Perhaps the most convincing 
'evidence' is the extremely short- some say suspiciously short 
- time it took life to arise on Earth after it was formed. 
Greenlandic rocks of great antiquity, some 3,850 million years 
old, have been found containing bounded iron formations 
thought to have been released by photosynthetic plants. 

Less controversially (these iron deposits could conceivably 
have a non-biological origin), stromatolites- fossilized marine 
bacterial colonies (living examples can be seen today in West
ern Australia) have been found that are 3.5 billion years old. 
The point is that the Earth is around 4.55 billion years old, and 
it is believed that for the first few hundred million years or so of 
its existence it suffered a bombardment by Solar System 
debris on a scale millions of times more frequent and violent 
than we see today. 
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Every few tens of millions of years the Earth would have been 
hit by a rock large enough to effectively sterilize it. One 
impact, by a Mars-sized object, is thought to have blasted a 
huge molten ball of magma into space which cooled and 
became the Moon. 

The vital thing is that all life on Earth today must be de
scended from an organism that came into being after the last 
sterilizing event (it is quite possible that biogenesis in fact 
occurred several times, each lineage being wiped out by 
impactors in this period, appropriately named the Hadean, in 
which case our oldest fossils may effectively be those of alien 
life forms). This doesn't give very much time for life to get 
going, a few hundred or even a few tens of millions of years at 
most. To some, this is implausible. The Universe as a whole has 
been 'life friendly', in terms of the requisite chemicals being 
available, for a much longer time. It is perhaps statistically 
more likely, say the panspermians, that the 'original' life arose 
during this much longer time period than during the rather 
limited window afforded on Earth itself. 

There is another piece of evidence that counts both for and 
against panspermia, and that is the discovery that life on Earth 
can thrive in a far greater variety of environments than was 
once thought possible. Again, at school, we were taught that 
life was pretty much impossible at temperatures over about 
60 oc. Hotter than this, and proteins denature and DNA falls 
apart. Now we know that some species of bacteria not only sur
vive but thrive in temperatures hotter than the boiling point of 
water, clustered around the deep ocean vents known as black 
smokers. Everywhere we look, we find life: deep under the Ant
arctic ice and, most importantly perhaps, several kilometres 
underground. 

There is some evidence (although this is as yet not widely 
accepted) that tiny organisms, putatively named nanobes, 
may be able to survive 1 0-20 kilometres underground under 
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conditions of really quite extreme heat and pressure. Perhaps 
most pertinently, viable spores have been discovered in min
eral grains that are hundreds of millions of years old. Life can 
not only tolerate high temperatures but extreme pH levels 
too, as witnessed by the discovery of micro-organisms which 
happily thrive in hot springs of basically sulphuric acid. 

And life can cope with very cold conditions too. Deep in the 
polar ice sheets a bacterium called Colwellia has been found at 
temperatures of -40 oc, and in the lab these organisms have 
been found capable of surviving the temperatures of liquid 
nitrogen (-196 oq, a finding which Dirk Schulze-Makuch, an 
astrobiologist at Washington State University described to 
New Scientist in early 2007 as 'mind boggling'. Until recently 
the lower limit for life was thought to be around -30 oc, and 
the discovery of psychrophiles, cold-loving organisms, has 
come as a real surprise. For a start, it demonstrates the impres
sive and elaborate tricks that such organisms have up their 
sleeves to prevent the water in their cells from freezing. By 
concentrating salt, the freezing point of water drops to 
-50 oc. Sticky proteins called exopolymers can prevent the 
formation of cell-shattering ice crystals. But just how Colwellia 
can not only survive being immersed in liquid nitrogen but 
actually appear to metabolize at these temperatures remains a 
mystery. 

The fact that life can survive at such low temperatures does, 
if anything, extend the possible range for life in the Universe 
generally far more than the discovery that some like it hot. 
After all, much of the Universe is extremely cold, not boiling 
hot. Some of the more promising homes for life in our Solar 
System are the large satellites of the outer planets where it is 
very frigid indeed. 

If microbes are happy at -40 oc then suddenly whole 
swathes of Solar real estate, including the vast, uncountable 
swarm of icy objects out in the Kuiper Belt, beyond Pluto, sud-
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denly look far more hospitable (it is thought that the interiors 
of these objects may be kept warm by the heat of radioactive 
decay, even if their surfaces are 200 degrees below zero or 
colder). Forget Richard Taylor's 1 0 possible homes for life; the 
true number of places where microbes could eke out a living 
in our Solar System alone may run into the hundreds or thou
sands. 

The discovery that life is more robust and adaptable is, at 
one reading, evidence against panspermia, as it suggests that 
we may need to examine a far greater range of possibilities for 
the location of biogenesis on Earth than we thought. It may 
well be the case, for instance, that we will have to rethink the 
assumption that during the first few hundred million years of 
its existence the Earth was uninhabitable; if bacteria can sur
vive 20 kilometres underground it is possible that life could 
have clung on even during the most severe batterings of the 
early Hadean. The existence of the extremophiles also mud
dies the water considerably when considering what is to be 
thought the 'normal' habitat for life on Earth; is it on the sur
face, in the oceans and in the air as we (and Darwin) thought, 
or is there a hugely bigger hidden biosphere underground, in 
the rocks and buried deep in the sediments, under the ice or in 
the upper reaches of the atmosphere? Did life evolve on the 
surface and migrate downwards, or did it evolve underground 
and move up when the skies cleared? Did life possibly evolve 
in the sky? We may never know. 

But while extremophiles seem to suggest that it may have 
been easier for life to get a hold on earth in its earliest days, 
they also point to the possibility that life - microbial life and 
spores - is robust enough to survive the rigours of interplane
tary and even interstellar space, as the panspermia hypothesis 
suggests. The cold of space holds no barrier when a microbe 
which evolved on the balmy Earth can continue functioning at 
-200 oc. 
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This is all circumstantial evidence for panspermia, however 
(just as it is circumstantial evidence to posit that because some 
microbes could live on Mars then microbial life will by dint 
have evolved there). Do we have any reason to believe that life 
actually has arrived on Earth? 

The champions of modern panspermia were the late Sir Fred 
Hoyle and his colleague Chandra Wickramasinghe, now at 
Cardiff University. As well as being Big Bang sceptics, Hoyle 
and Wickramasinghe held that not only had Earth been 
seeded by life from space billions of years ago, but that active 
spores continue to rain down upon the planet today. This 
could explain, they said, the often mysterious epidemics that 
plague humanity. Around 40,000 tonnes of carbonaceous 
material fall onto the Earth each year from space, and Hoyle 
maintained that about a tonne of this was in the form of actual 
bacteria or bacterial spores. In 2003, during the height of the 
SARS epidemic in Asia, which killed several hundred people, 
Wickramasinghe wrote to The Lancet medical journal claiming 
that the virus responsible was possibly extraterrestrial in 
origin. 

This belief- and it is a belief, and a fringe one at that- stems 
from the discovery that complex organic (carbon-containing) 
compounds are common and exist in large quantities and 
great variety in a number of (on the face of it) rather unprom
ising cosmic objects, most notably comets. Astronomers have 
detected, using spectroscopy, many kinds of organic mole
cules in space, floating in clouds of gas or bound up in dust 
particles. They range from simple compounds like methane, 
hydrogen cyanide and alcohols, including ethyl alcohol, to 
more complex molecules, such as amino acids, of which more 
than 70 have been found in meteorites. 

An experiment performed by NASA in 2001 attempted to 
replicate the effect of a comet, loaded with amino acids (the 
building blocks of proteins) slamming into Earth at thousands 
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of kilometres an hour. Rather than fragmenting the amino 
acids, as was assumed would happen, the impact (using a sort 
of high-velocity bullet) turned out to actually force the amino 
acids to link together to form peptide chains, polymer com
pounds just one stage less complex than proteins themselves. 

In fact, a class of compound called nitrogenated aromatics 
has been found just about everywhere we look in space: in 
comets, in interstellar dust clouds, and in the atmospheres of 
the outer planets. These compounds - carbon-based mole
cules based on a ring structure- are, generically, the building 
blocks for life, forming the basis for complex biological com
pounds such as proteins and nucleic acids. 

In February 2004, Professor Sandra Pizzarello and colleagues 
published a paper in Science2 in which she argued that the 
chirality- the tendency for the molecules to be left- or right
handed- of proteins and sugars in Earth life could be linked to 
the meteoritic material which has hit our planet over billions 
of years. 

A class of meteorite called carbonaceous chondrites con
tains the most complex carbon compounds known from out
side Earth, including amino acids (the building blocks of 
proteins) and sugars. Pizzarello found that in experiments 
where sugar synthesis was performed in the laboratory under 
conditions thought to have pertained on the early Earth, a 
constant rain of chemicals of the right (or in this case, liter
ally, left) 'handedness' caused the 'native' sugars to change 
their chirality. This does not mean that Pizarello has proved 
that life arrived on meteorites, but that it is at least possible 
that the arrival of meteorites might have had a profound 
influence on the evolution of that life, however it got started 
on our planet. 

We know that these organic molecules have been present in 
the Universe for a very long time, certainly predating the exis
tence of the Earth. A prime candidate for the 'oldest thing on 
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Earth' is a meteorite which slammed rather dramatically and 
very visibly into Lake Tagish in Canada in 2000. In 2006, 
details of the analysis of the Tagish meteorite were released in 
Science3, revealing that the grains from which it is composed 
predate even the formation of the Sun. Hollow carbon spheres 
found in the meteorite fragments, each a few thousands of a 
millimetre across, were speculatively dated as being several 
billions of years older even than the 4.6 billion years of our . 
star. It is possible, in other words, that contained in this rock 
fragment are particles almost as old as the Universe itself, 
containing complex compounds, including amino acids, 
interleaved with clay mineral grains. 

The clay minerals, silicates arranged in layers, are (it is specu
lated) possible 'wombs' in the formation of some sort of pre
life entity, maybe complex self-replicating proteins or the pre
cursors to nucleic acids. Commenting on the finding, one of 
the investigators, said: 'These things tell us what kinds of 
chemicals are out there in interstellar space. They could have 
been the original seeds for life to get started'. 

The idea that life, or at least the chemical precursors to life, 
could have arrived on the Earth carried by cometary material is 
no longer regarded as outlandish. Comets are deeply mysteri
ous, part of a class of ubiquitous icy objects that may envelop 
every star system and form on the edges of interstellar clouds. 
Comets and their relations in the Kuiper Belt may be ambassa
dors from a time long before our Solar System was formed. 
The discovery of complex organic chemicals on meteoritic 
fragments strongly suggests that at least some of the pro
cesses once assumed to have taken place in Darwin's warm 
little pond may instead have occurred in deep space, at a time 
when the Universe was still young. 

This is what we know; from now on all is speculation. As far 
as 'evidence' for more complex life forms on distant planets, 
discussions of UFOs and their inhabitants belong somewhere 
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else. But it is possible to speculate nonetheless on scenarios 
that are just as weird and wonderful as flying saucers. If life 
really owes its origins to a time in the very early history of the 
Universe, does this suggest that life is possibly an intrinsic 
property of our cosmos? 

On the wilder shores of the panspermia community it has 
been suggested that life may itself form part of the 'organizing 
principle' of the Universe, with its origins in the Big Bang itself. 
This can be seen as an extension of the 'Gaia' concept, advo
cated by the British biologist james Lovelock, which states that 
living and non-living processes on Earth are locked into a 
series of feedback mechanisms. In other words, the Earth is 
like it is because of the life that is on it, as much as the other 
way round. 

In an article in Nature4, in 2004, William Dietrich, of the Uni
versity of California at Berkeley, speculates what the Earth 
would be like if it had never had life. 'Very little has been writ
ten about the evolution of Earth in the absence of life', he 
writes. He goes on to speculate that life on Earth may have 
had far more profound effects that simply altering the compo
sition of the atmosphere (pumping in oxygen via photosyn
thesis) and the formation of fossiliferous rocks: 

On Earth, plate tectonics depends on an upper mantle's 
low-viscosity zone on which plates can glide, and it has 
been proposed that this zone arises from the injections of 
water at subduction zones .... Is it possible that the emer
gence of life on earth prevented the development of 
atmospheric conditions favourable to solar wind erosion, 
keeping the planet 'wet' and enabling plate tectonics? Is 
plate tectonics on Earth a consequence of life on Earth? 

If this hypothesis is right, it would be an extraordinary thing 
to say about our planet. Life may have saved the Earth from 
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turning into another Venus: by squirrelling away gigatonnes 
of carbon dioxide in their shells, countless quadrillions of tiny 
sea creatures could, over the aeons, have prevented a massive 
C02 build up in Earth's atmosphere and a consequent run
away greenhouse effect, which seems to have been what hap
pened on Venus. Earth could then really be considered, 
without any of the perhaps unfortunate spiritual overtones 
generated by the original Gaia concept, a 'living' planet, a 
biological system, with the same relationship to the organisms 
that live on and in it as a shell to the snail within. 

Could the Universe be like this, its properties at least partly 
influenced by the presence of life? Certainly, on a very funda
mental level the anthropic principle states that the Universe is 
a 'Goldilocks universe', fine-tuned to be just right for life. The 
physical constants, the nature of matter and the particles and 
so on seem to be set up in such a way that they allow life to be 
viable, and- the important bit- it seems there is a very narrow 
'window' outside which we would certainly be looking at a 
lifeless universe. 

The physicist Lee Smolin proposed a theory back in the 
1990s that one possible origin of the Universe- that it arose as 
a bubble of space-time in another universe created by a black 
hole- suggests that life-friendly universes may be subject to a 
form of cosmic natural selection; in short, universes which are 
capable of producing the maximum number of black holes 
would be the most productive 'parents', and it is the case that 
a universe set up to produce black holes (lots of stable stars of 
the right size and mass) are also universes where the physical 
constants permit 'our' sort of life to exist. 

This theory suggests that life, if not an intrinsic property of 
the Universe, is at least central to our understanding of why 
the world around us is as it is. The exciting thing is that so 
much of this is testable. We can search for evidence of life on 
other planets and in the debris and detritus that hits the Earth. 
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If the Universe does turn out to be alive then it would, in philo
sophical terms, not only be an outstanding discovery but it 
would also turn the heat off humanity a bit. We may never 
know how frequent intelligent life is, but at least we would 
know that should we inadvertently bring about our own 
demise there would be an awful lot of places out there where 
the great life project would carry on. That warm little pond 
may have been a very big sea indeed. 
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