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Target Earth

Understanding the Asteroid Peril



Introduction


The name ‘Project Spaceguard’ was deliberately borrowed from the 1973 science-fiction novel Rendezvous with Rama, by Sir Arthur C. Clarke1, which describes a catastrophic asteroid impact in northern Italy in the year 2077, as a result of which a global early-warning system is set up to ensure that such a tragedy is never repeated. Clarke was writing at a time when such disasters were considered improbable in the extreme. 


However, the danger is very real. The destructive potential of an asteroid rises dramatically with size. A 1 km asteroid impact would inject dust and aerosols into the atmosphere, blocking sunlight and triggering global climate disruption, crop failure, and mass famine. A 10 km impact would trigger a mass extinction on the same scale as that 66 million years ago, when the dinosaurs became extinct.


The danger lies not only in the destructive power of major asteroid impacts but also in their unpredictability. Although thousands of Near-Earth Objects (NEOs)[1] have been catalogued, many smaller ones remain undetected until close approach and even impact. This uncertainty makes planetary defence, i.e., tracking NEOs and developing asteroid deflection methods, a vital priority for safeguarding humanity’s long-term future.






Asteroids or volcanoes?


Ironically, the real Project Spaceguard was given impetus by a cataclysmic event occurring not on Earth, but millions of miles away, on Jupiter. However, for the real beginnings of Project Spaceguard, we must go back just over a century, to 1905, when the mining engineer Daniel M. Barringer (1860-1929) and physicist Benjamin C. Tilghman, Jr. (1861-1911) claimed that the Coon Butte Crater in Arizona was caused by a meteorite impact2.


The suggestion met with considerable scepticism. A decade before Barringer and Tilghman’s claim, American geologist Grove Karl Gilbert (1843-1918) had studied the crater. He considered a meteoric origin, noting the iron masses scattered in large quantities around it. However, the lack of a large buried meteoric mass convinced him that the crater must be a volcanic feature3. It must also be remembered that at the time, the idea that meteorites could cause cratering was not widely accepted, and the majority of scientists believed the craters on the Moon (the only example of large-scale cratering then known to science) had a volcanic origin4,5, a view that did indeed have some support until quite recently6. Nevertheless, by the 1920s and 1930s, the not entirely accurate name Meteor Crater began to appear in popular accounts and guidebooks, reflecting a widespread public association with an impact origin.


Not until 1960 was definite evidence found. American geologist Eugene Shoemaker (1928-1997) identified coesite at the crater. Coesite is a polymorph of silicon dioxide that is formed from quartz at very high pressure and moderately high temperature. It had been produced in the laboratory, but until then, it was unknown in nature. The discovery was definitive evidence of shock metamorphism, and the scientific community finally accepted that the Meteor Crater was caused by an extraterrestrial impact7.


One of the reasons the impact theory of cratering was slow to win acceptance was that it was at odds with the then-prevalent doctrine of Uniformitarianism, which states that change, both geological and biological, occurs gradually over millions of years. The idea that asteroid impacts could wreak enormous changes was reminiscent of Catastrophism, which states that events on Earth, such as geological change, the evolution of life and even human history, have been shaped by upheavals of a violent or unusual nature8.


Catastrophism was not a new idea, and until the early 19th Century, it was generally accepted that stories like the Biblical Flood related to actual events. It should be remembered that at this time the Bible was interpreted more literally than is usual now, and it was widely believed that all life on this planet had been created exactly as described in the Book of Genesis. Such beliefs had largely died out after Charles Darwin put forward his Theory of Evolution, and fossil evidence confirmed that life had evolved gradually over millions of years.






The Tunguska event


The Arizona crater and others that came to light later were thousands and in some cases millions of years old, and the face of the Moon has not changed throughout recorded human history. Even if asteroid impacts had been responsible, there seemed to be no obvious cause for concern. Yet the danger signs were there, even in the early 20th century. On the morning of 17 June 1908 (Julian) or 30 June 1908 (Gregorian), an asteroid entered Earth’s atmosphere above a sparsely populated area of Siberia in the present-day Evenkiysky district of the Krasnoyarsk Kray. The region is permafrost-taiga, inhabited by local Evenki reindeer nomads. The sky was cloudless, and witnesses reported seeing a blinding, blue-white light, brighter than the Sun, moving across the sky and leaving a thin trail9. 


The asteroid is estimated to have been 50–80 m (165–260 ft) in diameter10. At 07:14 local time (00:14 UT)9, it exploded at an altitude of 6 – 14 km (4–9 miles) above the Podkamennaya Tunguska river basin, with an estimated yield of 10–15 megatons (roughly 1,000 times more powerful than the atomic bomb dropped on Hiroshima)11. 


The explosion flattened 2,150±50 km2 (830±20 sq. miles) of Siberian taiga (boreal forest)11. It was heard more than 1,000 km (620 miles) from the Tunguska site. The engineer of a train at Kansk on the Trans-Siberian Railroad, believing an explosion had occurred in one of the carriages, brought his train to a halt. The shockwave caused buildings to shake, cracked windows and made utensils and pictures fall from walls. Doors were blown off their hinges, people were swept off their feet, yurts were overturned, and reindeer stampeded. Over one thousand reindeer were reportedly killed12. Although there was no confirmed human loss of life, it has been suggested that at least thirty people were in or near the tree-fall area, and at least three were either killed or died soon afterwards9.


It is often claimed that had the asteroid arrived 4 hours 47 minutes later, it would have destroyed St Petersburg13, but this is not strictly speaking correct. Due to orbital motion, Earth would have been 475,000 km (315,000 miles) away, and the asteroid would have missed completely. However, it is worth pointing out that had the asteroid hit St Petersburg, the casualties would probably have included one Vladimir Illich Ulyanov, better known as Lenin. The history of the last century could have been very different.


Curiously, no trace of the object has ever been found, which has led to suggestions that it was a small comet rather than an asteroid14. Inevitably, there have been suggestions of a more speculative nature, such as black holes, antimatter and, of course, crashing alien spacecraft.





The swift messenger


On 28 October 1937, Earth experienced an event we now know to be commonplace, but at the time caused some consternation when the news became public. The asteroid 1937 UB, later named Hermes, passed by at barely twice the distance of the Moon. The discovery was made by German astronomer Karl Reinmuth (1892–1979) at Heidelberg Observatory. Its apparent brightness was around 10th magnitude, unusually bright for a minor planet. It was recorded as a streak on photographic plates, moving very fast at 3 degrees per hour relative to background stars. It was estimated to have approached Earth to within 650,000–800,000 km (400,000–500,000 miles), or roughly twice the distance of the Moon. No other asteroid was known to have come so close at the time. Hermes was observed for only a few days before it became too faint for further tracking. No photographs were obtained after 29 October, but ‘precovery’ images were found for 26 and 27 October. Unfortunately, this was not sufficient for an orbit to be calculated, so Hermes was lost within two days of being found15.


Although there was no danger of a collision, Hermes was large enough to have caused a global disaster had it hit Earth. Earth Escapes Cosmic Collision! Claimed several US dailies. New World Misses Earth by a Whisker, read one UK report. In Australia, the discovery was reported as Doom from the Skies Averted. Despite his discovery being lost after its close passage, Reinmuth proposed the name Hermes, after the swift messenger god of Greek mythology. Hermes thus became one of only three asteroids named without being numbered at the time, the others being Apollo and Adonis. Apollo (another Reinmuth discovery) was recovered in 1973, and Adonis was recovered in 1977, but Hermes remained lost until 200316. Now assigned the number 69230, Hermes was found to comprise two 300–450 m (1,000–1,500 ft) objects separated by just 1,200 m (4,000 ft). It has also been calculated that Hermes came even closer to Earth (1.6 lunar distances)  in 1942, but it was missed. At the time, of course, the world had other concerns.






The dinosaur killer


Fears about asteroid impacts were largely forgotten during World War II, and during the Cold War, the danger of a nuclear apocalypse was of more immediate public concern than space rocks that might hit Earth. Science fiction movies regularly featured Earth in peril, but usually from hostile aliens rather than astronomical events. One exception was the 1951 disaster movie When Worlds Collide, starring Richard Derr, Barbara Rush, Peter Hansen, and John Hoyt, based on the 1933 novel of the same name by Edwin Balmer and Philip Wylie.


The postwar years brought two events of note. At 10:38 local time on the morning of 12 February 1947, an asteroid entered Earth’s atmosphere over the Sikhote-Alin mountain range, Primorsky Krai, Russia (then USSR), 440 km (270 miles) northeast of Vladivostok. Entry speed has been estimated at 14–15 km s-1 (31,300 – 33,500 mph). It was of type IIAB, predominantly iron with a low nickel content. Witnesses reported a brilliant fireball, brighter than the Sun. The asteroid broke up at an estimated height of 5–10 km (3–6 miles), producing a dense strewn field with hundreds of impact pits and craters. The largest crater was 26 m (85 ft) wide and 6 m (20 ft) deep. From an estimated pre-atmosphere mass of 90–100 tonnes, 23 tonnes reached the ground intact. Material recovered included pieces with regmaglypts (thumbprint-like impressions probably formed by erosion of the surface by small vortices of hot gas carrying small droplets of molten material) and sharp, shrapnel-like pieces formed by the violent breakup. The mass of the largest fragment recovered was 1,745 kg (3,847 lb).  The Sikhote-Alin event remains one of the largest witnessed meteorite falls in recorded history.


The second notable event occurred on 10 August 1972, when a 5–10 m (16–33 ft) asteroid entered Earth’s atmosphere above southern Utah. Travelling due north at an estimated speed of 15.1 km s-1 (33,800 mph), it passed over Salt Lake City before making its closest approach to Earth at an altitude of around 58 km (36 miles) above Montana, where sonic booms were heard. Still travelling above escape velocity, the intruder then drew away, exiting the atmosphere over Canada. Roughly ¼ to 1/9 th of its estimated pre-atmosphere mass of 100–1,000 tonnes is thought to have survived its ~100-second passage through the atmosphere, and it was predicted to return in 199717,18. However, it has not been seen again. Had it come a fraction closer, it would have airburst over Utah, producing a sonic-boom/shockwave event with window damage over tens of kilometres, and likely raising public awareness of the danger.


In the event, it was not until the 1980s that the first concrete evidence of a meteoritic catastrophe on this planet began to emerge, albeit concerning events millions of years before the emergence of the first humans. The sudden demise of the dinosaurs[2], then dated to 65 million years ago, had long been a mystery. In June 1980, the physicist Luis Alvarez, his son Walter and a number of other collaborators published a paper in which they claimed that a large asteroid had struck the Earth 65 million years ago, resulting in the extinction of the dinosaurs19.


This claim was based on studies of a layer of clay, 10 mm (½ inch) thick, laid down between two layers of limestone that had been seen in rocks near the town of Gubbio, in northern Italy. The clay was clearly located at the K-T Boundary that delimits the Cretaceous and Tertiary geological time periods[3]. There was no element of doubt; the limestone below the clay contained Cretaceous fossils; that above contained fossils from the Tertiary. It was at this point that the dinosaurs became extinct.
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