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Introduction



We inhabit a wonderful planet. We are fortunate if we can take the time to marvel at its beauty, gaze in awe at its majesty and be thankful for the gifts it brings. But for most of our busy lives, we scurry about on the surface and forget two important dimensions: depth and time. In this book, I hope to remind us of those forgotten dimensions.


Consider for a moment what lies beneath your feet – not just the familiar earth and rock of the surface layers, but deep down. As close to you now as the distance many of us commute every day lies a place no one has visited and conditions of temperature and pressure we can scarcely imagine. Travel less than the distance of a transatlantic flight and you would find yourself in an incandescent world of molten metal. The Earth is not just sitting there like a block of concrete waiting for us to walk all over it. It is a living, dynamic planet. Solid rocks are on the move as continents drift, volcanoes erupt and the vast, deep mantle slowly churns. Neither are the rocks below the surface immune from the processes going on above them. Water, air and life itself are in constant dynamic interaction with the geology. Without oceans, we would not have continents. Without life, we would not have our atmosphere or a climate in which we could live. The natural cycles of our planet have supported life for billions of years. We interfere with them at our peril.


The other dimension opened up through understanding the processes at work in our planet is the dimension of time. Not just time as in lunchtime or even lifetime, but deep time. It takes a radical change in the way we think in order to get our minds around time when it is measured in tens and hundreds of millions of years, but that is what we must do if we are to understand our home. Once we have made that change, we start to realize that everyday processes extended over deep time can build and destroy mountain ranges, open up oceans and split continents apart. Deep time can create new species or drive them to become extinct. Our human existence scarcely registers as one tick on the clock face of deep time and yet we have already changed the planet beyond recognition. Perhaps if we come to understand it better, we will treat our world more kindly.








01 Birth of Earth


We are all made of stardust. The primordial hydrogen and helium created in the Big Bang 13.7 billion years ago has been cooked in the nuclear furnaces of generations of stars to produce the carbon, oxygen and nitrogen of our bodies; and the silicon, aluminium, magnesium, iron and all the rest of the elements that make up our planet.


Stardust memories Stars shed their outer layers towards the end of their lives. Massive stars can no longer support their own weight and they collapse, triggering a supernova explosion that scatters their ashes in great clouds of dust and molecules. It was out of such a cloud that our solar system was born. Every molecule in your body contains elements that were cooked in stars. Every atom of gold in the ring on your finger was created in a supernova.


The presence of decay products of short-lived radioactive isotopes in ancient meteorites suggests that these elements had their origins in a nearby supernova explosion not long before the solar system formed. Indeed, it may have been such an explosion that triggered the initial collapse of the solar nebula.


Accretion As the gas and dust were drawn towards the centre where the Sun would eventually form, angular momentum in the gently rotating nebula would have flattened the material out into a disc. For a long time that was just theory, but now powerful telescopes can see it happening in other stellar nurseries. For example, the star Beta Pictoris has a clearly visible disc of dust and rocky grains around it, which could be forming into planets right now. The detection of so-called exoplanets around over a thousand other stars suggests that planetary formation frequently accompanies starbirth.






Catch a falling star


The first solid grains to form in the young solar nebula were chondrules. These are roughly spherical grains of silicate rock, ranging from a fraction of a millimetre to a centimetre in diameter. They appear to have formed as molten droplets when silicate dust was heated to around 1,500 degrees Celsius, presumably close to the new Sun or perhaps by radioactivity. They are found today in about 80 per cent of all the meteorites that land on Earth and can be dated with amazing accuracy. At 4,567 million years old (give or take 0.5 million years), they are the oldest things in the solar system.







It is generally agreed that the planets in our solar system built up by a process called accretion, with small grains bumping into one another and collecting together. The first part of that process is the hardest to understand, as there would be little gravity to hold the clumps together and collisions would tend to break them up again. It is possible that concentrations of grains may behave like a kinetic liquid, holding together and only occasionally gaining enough energy to ‘splash’ out of the cluster. If the relative velocities of the grains were slow enough, they would begin to stick together. Once they had reached the size of a few metres in diameter, gravity would take over, drawing more and more material together.


Separation Gravitational energy, the heat of radioactive decay and the energy released by the impacts of collisions would have led to melting, eventually enabling the heaviest elements such as iron and nickel to sink down and form a core in a body that is now roughly spherical and perhaps tens or hundreds of kilometres in diameter. That body would continue to mop up remaining dust and larger fragments to form a smaller number of protoplanets. Collisions between these would be less frequent but more violent.


The wind from the Sun The formation of the Sun probably only took about 10,000 years, by which point enough matter had been squashed together so that it reached the temperatures needed for nuclear fusion to begin and the Sun to start to shine. That resulted in a strong solar wind of particles blowing out through the young solar system. It would have stripped away any early atmosphere of hydrogen and helium from the Earth, leaving the more resistant rocks of the planet. The bulk of the gas collected further out to form the giant gas planets, Jupiter and Saturn. Volatile material such as methane and water condensed even further out, forming the icy bodies of the outer solar system: dwarf planets such as Pluto, ice moons, Kuiper belt objects and comets.







Stellar alchemy


Stars are nuclear furnaces. Like hydrogen bombs, they convert the most abundant elements in the universe, hydrogen and helium, into heavier elements, in the process releasing the energy that makes stars shine. Ordinary stars produce the elements of life – including carbon, nitrogen, oxygen – and those that make up the bulk of the Earth – such as sodium, potassium, calcium, aluminium and silicon. As a star ages, it sheds these elements off into space. Some stars produce so much carbon that they are surrounded by clouds of soot. The endpoint in that sequence is iron. To make anything heavier requires more energy than it releases. So, when the heart of a massive star has turned to iron, nuclear fusion stops. The star can no longer support its great mass and it collapses, triggering an incredible explosion that blows the star apart and creates the full range of heavy elements right the way down to uranium.







A new planet Our young Earth continued to grow. The interior was probably now mostly molten, with an iron core surrounded by the primitive silicate mantle. Once it had grown to about 40 per cent of its present mass, gravity would have helped it to retain an atmosphere, while a magnetic field generated in the core might have protected it by deflecting solar particles. That first atmosphere probably consisted mostly of nitrogen, carbon dioxide and water vapour.


As we will see over the next few pages, the accretion process continued, culminating in the major impact that formed the Moon. As the young Earth cooled, liquid water could exist on the surface. Some of the water vapour may have been produced by the planet as volcanic gases, but much of it probably fell to Earth in icy comets, along with the rocky material from meteors and asteroids. It is an accretion process that continues in a small way to this day. If you go out on a clear, dark night, you may see shooting stars. These meteors are small grains of solid material burning up in the atmosphere but ultimately finding their way onto our planet. Each is no bigger than a grain of sand or at most a grain of rice, but between them they add up to between 40,000 and 70,000 tonnes every year, continuing the process by which our planet was born.
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timeline






	






	4.6 Ga

	Possible supernova explosion; solar nebula begins to contract






	4.567 Ga

	Age of chondrules in meteorites, the first solids in the solar system






	4.54 Ga

	Proto-Earth reaches the size where melting begins and the core separates out






	4.527 Ga

	Formation of the Moon






	4.42 Ga

	Oldest mineral grain from Apollo lunar samples






	4.404 Ga

	Oldest mineral grain on Earth. Possible evidence of water






	4.28 Ga

	Oldest surviving rock on Earth, possibly from a deep sea vent, from Hudson Bay in Canada






	3.85 Ga

	Oldest surviving sediments from Greenland










02 Our companion Moon


When our planet was less than 20 million years old, it suffered the most catastrophic event in its existence. Another planet the size of Mars crashed into it at around 30,000 mph! The impact melted the Earth, but it also gave us a companion that has stabilized the seasons and opened the way to life: the Moon.


Over the years, there has been much speculation about the origins of the Moon. Before the theory of continental drift was accepted, some speculated that the Moon had somehow spun off from a bulge where the Pacific Ocean now lies. Others proposed that it had been formed alongside the Earth by a similar process of accretion, or that it was formed elsewhere and captured in passing by the Earth’s gravity. But none of these explanations quite fitted with what we know about the Moon’s orbit.


A chip off the old block It was only when the Apollo astronauts visited the Moon and brought back rock samples that the truth began to dawn. The Moon rocks had a very similar composition to volcanic basalts and mantle rocks of the Earth. We were made of the same stuff.


Now, with the help of computer simulations, scientists have a pretty good idea what must have happened. Another protoplanet could have formed in a so-called Lagrangian point ahead or behind our planet, so that it was an equal distance from both the Earth and the Sun. If it formed from the same ring of material in the solar nebula, that would explain why it had the same composition as the Earth. As it grew, the orbit became unstable and it ended up on a collision course with Earth. That object has been called Theia, after a Titan of Greek mythology, the mother of Seline, the Moon goddess.


Cosmic crash Travelling at around 10 miles (16 km) per second, Theia would have loomed in the Earth’s young sky for several days, getting nearer and nearer. In the end, the impact was all over in a flash. Within seconds, supersonic winds stripped away the Earth’s atmosphere. Almost instantly, much of Theia’s mantle as well as some of the Earth’s was vaporized and flung into space. Most of Theia’s dense iron core looped around the Earth and impacted a second time to merge with our own core. The rest swept out into space, dragging incandescent streamers of molten rock behind it. All of that must have happened in about 24 hours. Viewed from a safe distance, it would have been an incredible sight.


Gradually, most of the material fell back to Earth, but enough remained in orbit in an incandescent ring around the Earth’s equator. As it cooled, it condensed into particles, which congealed together over the next few decades to form the Moon. Some of the surprises in the composition of Moon rocks returned by the Apollo missions can be explained if those rocks had condensed from silicate vapour in a vacuum.






EUGENE SHOEMAKER
1928–97


Gene Shoemaker (1928–97) was a pioneering lunar geologist. He studied Meteor Crater in Arizona and used it to show that most of the craters on the Moon were caused by impacts, not volcanoes. He hoped to become an astronaut himself, but was disqualified for medical reasons. He nonetheless played an important part in selecting the Apollo landing sites and training the astronauts. Following his death in a car crash, some of his ashes were placed aboard Lunar Prospector and delivered to the Moon in 1999.







Second moon It is possible that not all the ejected material was collected quickly into a single moon. There are suggestions that a second moon, about 1,000 kilometres (621 miles) across, was formed at the same time and continued to orbit the Earth for several million years before eventually merging into our Moon in a relatively gentle impact. If that impact was on what is now the far side of the Moon, that might explain why the crust there is about 50 kilometres (31 miles) thicker than on the near side and why there are differences in composition between the two sides of the Moon.


As the crust of the Moon began to solidify, certain elements would have been left in the molten material sandwiched between the crust and the mantle. These included high quantities of potassium (K), Rare Earth Elements and phosphorus (P), leading this to become known as KREEP-rich magma. Accretion of another small moon onto the far side of our own Moon would have squeezed that molten layer around to the other side, causing the near side of the Moon to be particularly rich in the KREEP elements.




‘It suddenly struck me that that tiny pea, pretty and blue, was the Earth. I put up my thumb and shut one eye, and my thumb blotted out the planet Earth. I didn’t feel like a giant. I felt very, very small.’
Neil Armstrong





Short days, brilliant nights Theia’s glancing blow to the Earth would have made our planet spin faster. Day length following the collision was only about five hours and has been getting steadily longer ever since. The newborn Moon would also have been much closer to the Earth, appearing about 15 times bigger in the sky – a spectacular sight if you had been able to stand on the Earth’s glowing, volcanic surface. The Moon’s tidal effects would have been far greater than today, though there were no oceans to experience them. But there would have been massive Earth tides in the molten magma beneath the surface, perhaps increasing volcanic activity each time the Moon passed overhead.


Ever since, the Moon has been getting gradually further away as the tides sap its orbital energy. Within a few million years, tidal forces locked the Moon so that one side always points towards the Earth. Laser measurements using reflectors left on the Moon by the Apollo astronauts show that today the Moon is still moving away from us at 3.8 centimetres (1½ in) a year.






Prospecting for water


Following the Apollo space programme, there was a long gap in lunar exploration. But more recently, several unmanned craft have returned to the Moon, and one of their priorities is to look for water. Lunar Prospector detected abundant hydrogen around both the lunar poles, leading to suggestions that it could be in the form of water ice in shady craters. In 2009, the US LCROSS probe crashed into a crater near the South Pole, producing a plume of ejecta that, while not as spectacular as anticipated, contained an estimated 155 kg (342 lb) of water ice in fine crystals. The Indian Chandrayaan 1 probe used radar to detect ice beneath the surface near the North Pole. These discoveries could be important, as they could supply rocket fuel for future missions and perhaps water for settlers.







Destroyer and protector It is possible that primitive life had already gained a toehold on Earth before the cataclysmic collision. If so, it was completely annihilated and there must have been quite a wait before volcanic eruptions and impacting icy comets replenished the atmosphere and oceans. But it was worth the birth pains and the delay. Without the Moon, not only would we lack the tides, but also the Earth’s rotation axis would be unstable – it might have flipped at irregular intervals, perhaps pointing one pole towards the Sun and leaving half the world in darkness. We would also have lost the most beautiful object in the night sky.
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	4.527 Ga

	Probable time of the impact from which the Moon originated






	4.42 Ga

	Oldest dated lunar mineral grain






	4.36 Ga

	Oldest dated lunar rock sample






	4.1–3.9 Ga

	Heavy bombardment created the maria basins






	3.6 Ga

	Lunar core freezes. Lunar magnetic field turns off






	3.1 Ga

	Last big basalt eruption in the maria basins










03 Hell on Earth


For the first 700 million years of its life, planet Earth was not a pleasant place to be. This has been called the Hadean eon, named after Hades or hell. It was a time of terrible bombardment by asteroids and constant volcanic eruptions. At times, all or part of the Earth’s surface was molten magma; any atmosphere was stripped away and oceans vaporized. And yet it is also the beginning of the world as we know it.


A brief history of the Moon The young solar system was still a dangerous place around 4 billion years ago. As smaller objects merged, impacts became less frequent but more violent. This is the episode known as the late heavy bombardment, which continued until about 3.85 billion years ago. Traces of that bombardment have long since been wiped clean from the face of the Earth, but on the Moon they are still clearly visible.


It was the late heavy bombardment that created the dark patches we see on the face of the Moon today. These are the lunar seas, or maria. No ship has ever sailed them, but they were once liquid – liquid lava. They were caused by huge eruptions of basalt magma into the vast basins created by the bombardment. They offered a relatively flat surface on which the first Apollo landers could touch down. The samples they returned were ancient by Earth’s standards. Even the youngest Moon rocks dated, from lava flows in the maria, are still 3.1 billion years old. The dry, airless lunar surface has preserved features far older than any that survive on Earth.






The first rock?


Once the snow melts in the remote tundra on the eastern shore of Hudson Bay in northern Québec, rocky outcrops are easily visible. Some of them are very ancient. Don Francis and Jonathan O’Neill from McGill University were hoping to find rocks as old as 3.8 billion years in what is known as the Nuvvuagittuq greenstone belt. But when scientists at the Carnegie Institute applied the latest dating techniques, they came back with the figure of up to 4.28 billion years! These are the oldest rocks yet identified, dating back to the Hadean period. Most of the exposure is of altered volcanic rocks, but there are also layers known as banded ironstone – rocks produced near to underwater hydrothermal vents, arguably requiring the presence of living bacteria.







Ancient surface The paler areas around the maria and across most of the far side of the Moon are the lunar highlands, the oldest rocks on the Moon and older than any on Earth. Many have been shattered and altered by later impacts, but among them remain areas of pale rock that are the remnants of the Moon’s primordial crust. The Apollo 15 astronauts found a piece and called it the Genesis rock. It is a rock type called anorthosite, which probably formed as crystals grew in molten magma. It turned out to be just 4.1 billion years old – younger than expected. Samples returned by Apollo 16 give ages of 4.36 billion years, but that too is younger than expected for the oldest lunar crust. The oldest mineral grain from the Moon to have been dated is a zircon crystal 4.42 billion years old.


[image: ]


Mars-sized Theia crashes into the young Earth, vaporizing a cloud of rock which forms the Moon.





Riches from heaven Although the impact craters that must have been produced on Earth by the late heavy bombardment have long since vanished, the chemical signature of that episode remains. When the metallic iron core of the Earth separated out, it took with it most of the heavy metals that are highly soluble in iron – among them gold, platinum and tungsten. Conveniently, tungsten comes in two forms or isotopes: tungsten-184 and tungsten-182. The formation of the Earth’s core would have removed almost all the tungsten from the mantle; after that, the only terrestrial source would have been the decay of a radioactive element called hafnium, but that produces only tungsten-182. The oldest rocks on Earth are indeed enriched in tungsten-182. But all later rocks contain more tungsten-184. The implication is that it must have come from the sky in meteorites during the late heavy bombardment. With the tungsten would have come almost all the gold and platinum that we mine today.







The first continent?


A three-hour flight by floatplane north of Yellowknife in the Canadian Arctic takes you to a region known as Acasta. The only sign of human life there is a small shed where geologists store their tools. Above the door is a sign: ‘Acasta City Hall. Founded 4.03 Ga.’ Until the Nuvvuagittuq rocks were dated, this was thought to be the oldest place on Earth. The rocks here are highly altered through long and deep burial in the roots of a continent that has now eroded away.







The oldest thing on Earth Little survives on the surface of the Earth from the Hadean period, and the few rocks that do are, to use a not very technical term, fubaritic; that is, fouled up beyond all recognition! One exception to this is a mineral called zircon. Though normally found only in tiny crystals the size of grains of sand, zircons can survive repeated melting of the rocks around them, with the record of where they first formed remaining intact. The oldest zircon ever found comes from a 3 billion-year-old conglomerate of older grains and pebbles in the Jack Hills region of Western Australia. The core of that crystal is 4.4 billion years old. There are also clues from the ratio of oxygen isotopes in the crystal that it may have formed in the presence of liquid water, suggesting that at least some parts of the planet were cool enough for water to condense at that time.
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	4.45 Ga

	Earth’s crust began to solidify






	4.404 Ga

	Oldest mineral grain dated






	4.28 Ga

	Possible age of the Nuvvuagittuq greenstone rocks






	4.031 Ga

	Age of the Acasta gneiss






	3.8 Ga

	End of the late heavy bombardment and the Hadean period










04 The dating game


One of the first things people ask about a rock or fossil is ‘How old is it?’ Until about the middle of the last century, no one knew the answer for sure. But today there are remarkably accurate techniques for dating rocks and even figuring out the ultimate date – the age of the Earth itself.




‘If one is sufficiently lavish with time, everything possible happens.’
Herodotus





Biblical date People have been trying to determine the age of the Earth for centuries, but the early attempts were via theology rather than science. In 1654 Bishop James Ussher, primate of all Ireland, published an estimate based on very detailed analysis of the scriptures, working back through the generations of prophets to Adam. The date he arrived at for creation was 4004 BC on 22 October at six in the evening!


Scientific guesswork By the mid-19th century, geologists and biologists realized that they needed to allow a lot more than 6,000 years for all the processes of the past. Some looked at the rate at which sediments are carried down rivers and deposited, and extrapolated from that to calculate the total depth of sedimentary rocks. Others looked at the salinity of the oceans and the rate at which salt is carried down to the sea in rivers. The eminent physicist Lord Kelvin assumed that the Earth was molten at its formation and calculated the rate at which it would have cooled. He arrived at the figure of 98 million years and, even though his estimates varied between 20 million and 400 million, that figure was widely accepted.






    
ARTHUR HOLMES
1890–1965



If any one individual can be said to have won the dating game, it is Arthur Holmes. He persisted with radiometric dating after others had given up. This was before the half-life of radioactive elements was well known, before the invention of mass spectrometers and before anyone realized the importance of different isotopes. Holmes was using painstaking wet chemistry to determine the abundance of trace elements in a rock. And yet his dates for the main geological periods were remarkably accurate. In 1913 he published a booklet titled The Age of the Earth, an age he estimated to be 1.6 billion years. He later revised that figure using meteorites, first to 3.5 billion and then to 4.5 billion – the value that is accepted to this day.







Radioactive clock In 1902, Ernest Rutherford realized that as radioactive elements decay at a constant rate, this might be used as a clock to date rocks. Radioactivity produces alpha particles, which are the nuclei of helium atoms, so Rutherford guessed that a measurement of the helium accumulated in a rock might reveal its age. He didn’t understand the finer details: for instance, he didn’t realize that helium might escape from the rock. He later revised his first estimate of 40 million years to 500 million years.


It was Arthur Holmes who turned radiometric dating into a precise science, measuring the half-lives of radioactive atoms – the time it takes for half of a sample to decay – and working out the complex sequence of decays that turn uranium into lead. We now know that there are two types of uranium atom: uranium-238 and uranium-235, which decay into lead-206 and lead-207 respectively, giving two independent checks on the date.




‘Because the pathway from uranium to lead was particularly complicated, others had abandoned their researches, leaving the 21 year old research student to become the world authority on a technique that was finally to provide the planet with its authentic, scientifically determined birthday.’
Robert Muir Wood on Arthur Holmes





Weighing atoms It took Arthur Holmes several months to make his first date estimates. Today rocks can be dated in minutes, thanks to a machine called a mass spectrometer. Tiny samples are vaporized and electrons are stripped off the atoms so that they can be accelerated and deflected to different detectors, depending on their mass. It means that each isotope is weighed – or even counted – atom by atom.


Tree rings and carbon Archaeological dates up to about 60,000 years ago can be calculated by measuring carbon-14. This isotope is made by the action of cosmic rays on carbon in the atmosphere. Once it is incorporated into living plants and animals, production stops and the carbon-14 decays with a half-life of 5,730 years. Modern instruments can measure ages up to ten times the half-life, after which too little remains to measure.


But the cosmic ray flux has not been constant. Fortunately, nature has provided a calibration chart in the form of tree rings. Each growth ring in a tree trunk corresponds to a specific year. Using overlapping sequences of rings, the record can extend back thousands of years to trees preserved in bogs. Each ring can be carbon dated. The resulting wiggling curve has recalibrated carbon dating with great accuracy.


Eternity in a grain of sand There are now many dating techniques available to archaeologists and geologists. One of them can reveal when a buried grain of sand last saw the light of day. It is called optically stimulated luminescence, or OSL. Natural radioactivity causes damage in the crystal lattice of mineral grains. That damage is healed by light, which releases energy from the crystal lattice as a glow. So, if a sample is kept in darkness until it is inside the instrument and then exposed to a brief flash of laser light, the resulting glow is a measure of how long it has been buried.







Clues in a crystal


Zircon (zirconium silicate) is a popular semiprecious stone. But it is even more popular among geologists studying the ancient Earth. Its crystal lattice is such that uranium atoms are easily trapped within it, but lead is not. So the formation of the crystal from molten magma sets the radioactive clock ticking and the build-up of lead from the decay of the uranium gives a surprisingly accurate age. Better still, once formed, zircon crystals are incredibly resistant. The rocks around them can be folded, fractured, buried and even remelted, but the zircon will endure. Different zones of a zircon can give different dates from the history of the crystal. The mass spectrometers used to measure them are so sensitive that up to 100 different samples can be taken from a single zircon the size of a grain of sand.







Dating mountains Dating techniques reveal many things beyond the simple age of rocks. They have been used to track the prehistoric migration of our human ancestors. They have been used to date climate change and rising sea levels. For example, uranium dissolves in sea water and can become trapped in coral as it grows. Coral always grows in shallow water, so date the coral and you know when sea level was at about that height.


Different minerals crystallize at different temperatures, so you can work out the temperature history of a rock from the mineral grains within it. For example, zircon in Himalayan granite crystallizes at more than 800 degrees Celsius, corresponding to depths in the earth of perhaps 18 kilometres (9,843 fathoms). But muscovite mica forms at cooler temperatures and therefore shallower depths. An age difference of only 2 million years within the same granite suggests a very rapid uplift of the Himalayas around 20 million years ago.
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	5,730 years






	uranium-235

	704 million years






	uranium-238
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	14,010 million years
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	106,000 million years










05 A tale of three planets


Our planet, the third rock from the Sun, is a ‘Goldilocks’ world; one that is ‘just right’ for life as we know it. But why should that be and why should the second and fourth rocks – Venus and Mars – have turned out to be so different? Can we learn from their mistakes?


Ugly sister Named after the goddess of love, Venus is a beautiful planet when seen from Earth, chasing the Sun as the morning or evening star. But what we are seeing are the blueish-white cloud tops at comparable pressures and temperatures to those on Earth. The reality is very different. Those clouds are made of sulphuric acid droplets and the planet’s tortured surface, 50 km (31 miles) beneath them, experiences pressures 90 times greater than on Earth and temperatures high enough to melt lead.


In many ways, Venus is Earth’s sister, being about the same size and density and born at the same time with the same composition. But a different upbringing has turned Venus into the evil twin. If you were to take all the accumulated limestone, chalk and coal on the Earth and vaporize it, you would end up with a carbon dioxide-rich atmosphere very similar to that on Venus. Heat causes evaporation and water vapour is a powerful greenhouse gas, trapping heat and causing more evaporation. If you were to tow our planet just that little bit nearer the Sun and let the climate stabilize, you would find that it could not do so until all the oceans had boiled away. That is very probably what happened on Venus. Today, there is very little water left even in its atmosphere, as sunlight has split it into hydrogen and oxygen; the hydrogen has escaped into space and the oxygen has reacted with rocks.


The big question is: could it happen here? The answer is probably not at the moment, even with the large amounts of carbon dioxide we are releasing into the atmosphere. But in another billion years or so, as the sun grows warmer, it could be a real threat to our descendants.


Geology without water Geologically, Venus looks rather similar to Earth. Granted there are no oceans or vegetation, but there are volcanoes, impact craters, mountain ranges and cracks or fault lines. However, the faults and volcanoes are spread randomly over the surface. They do not follow the lines of plate boundaries. And the impact craters are evenly spread too, suggesting that the whole of Venus’s surface is about the same age. That age is about 600 million years, relatively young compared to the surface of Mars, the Moon or Mercury.


The explanation may lie in the way in which Venus loses internal heat. On the Earth that process is accomplished by plate tectonics. Hot volcanoes create new crust, while old, cold crust dives back into the planet. But that process is lubricated by water. On Venus, without water, it can’t happen. So the internal temperature rises to a point where volcanoes break out all over the planet, resurfacing most of it every 600 million years in spectacular eruptions.






Drilling for Martians


If life still exists on Mars, it is most likely to be found beneath the surface. Perhaps there are bacteria, warmed by hydrothermal systems and living off the chemical energy of sulphide minerals. That is why in 2005 NASA scientists drilled a hole near the Rio Tinto (red river) in south-west Spain. This is no ordinary river. As its name implies, the water runs red with dissolved iron and other minerals. They are released by the activity of bacteria beneath the surface, which make the water highly acidic. Not only is this an analogue for possible life on Mars, the project also tested a remote-controlled drill that might one day be used on Mars to search underground for traces of life.







Critical mass Mars is half the size of Earth and only twice the size of our Moon. And that could be its undoing. The surface gravity is little over a third of that on Earth, and there is no significant magnetic field to protect the top of the atmosphere from the solar wind of charged particles. So some gas molecules, notably water vapour, get split up and slowly escape into space. There have been estimates that up to 100 tonnes of Martian atmosphere is lost to space every day, even today.


Atmospheric pressure on Mars is so low that, even if it was above freezing, liquid water could only exist today in the lowest valleys. Elsewhere, ice would turn directly to vapour without melting. And without a thick carbon dioxide comfort blanket, it always is well below freezing: typically 60 degrees Celsius below.




‘We are all … children of this universe. Not just Earth, or Mars, or this system, but the whole grand fireworks. And if we are interested in Mars at all, it is only because we wonder over our past and worry terribly about our possible future.’
Ray Bradbury, Mars and the Mind of Man, 1973





The rivers of Mars Mars clearly hasn’t always been so cold and dry. Space probes have mapped most of the surface in exquisite detail, revealing clear evidence of running water in the past. But most of it is probably more than 3 billion years in the past. More recent examples may be due to localized heating of buried ice by hydrothermal activity, resulting in brief flash floods.


In its youth, however, Mars seems to have had rivers, lakes and perhaps even oceans. Large areas in the northern hemisphere are at low elevation and have many features in common with the ocean floor on Earth. So where did all the water go? It is likely that much of it escaped into space, but there could also be very large quantities still present as ice beneath the surface.


Is there life on Mars? Today, Mars appears lifeless. It is certainly not inhabited by intelligent, hostile aliens. But there is a chance there could still be little green somethings on the planet. The dry valleys of Antarctica are some of the most Mars-like environments on Earth: permanently frozen and without rain or even snow for thousands of years. And yet in the pore spaces just beneath the surface of some of the stones is a thin green layer of microscopic algae. NASA decided in the 1970s that ambiguous results from their Viking landers did not show evidence of life on Mars, and there have been no successful searches there since. But it is just possible that primitive bacteria or algae are still hanging on where they can.
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