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The Incredible Power of Meteorites

So common are asteroids and comets 
that turning your eyes skywards on any 
clear and dark night reveals multiples of 
these ‘shooting stars’ each hour. Thanks 
to the protection offered by our planet’s 
atmosphere, most of these space 
rocks never reach the ground. Instead, 
they break apart and burn up in an 
intense display of light and heat, rarely 
descending further than an altitude of 
80 kilometres. 

When these rocks are large enough 
to survive the journey through the 
atmosphere and reach the planet’s 
surface, they are called ‘meteorites’. 
Fragments of asteroids that are larger 
than a few tens of metres across can 
reach the surface at an enormous 
20 kilometres per second, while 
comets of the same size can strike at 
up to 70 kilometres per second – an 
incredible 252,000 kilometres per hour. 
In comparison, a bullet fired from a 
modern rifle travels at up to 4,300 
kilometres per hour.

Even the slowest impacts release 
around 15 times as much energy as an 
equivalent mass of TNT upon impact. 
The results of these impact events are 
clearly visible on our nearest celestial 
neighbour, the Moon. Similar craters 
are observed on all other rocky planets 
and moons across the Solar System, 
hinting at the frequency with which 
impact events have occurred. Earth has 
not escaped similar bombardments 
over its 4.5 billion years of existence, 
but much of the evidence has been 
lost or concealed by natural processes 
– such as plate tectonics, erosion, and 
volcanism.

The impact craters left behind by 
asteroids and comets that reach Earth’s 
surface range in diameter from tens of 
metres, to an enormous 250 kilometres 
– such as the Sudbury impact crater in 
Ontario. Impacts around this size have 
the power to cause mass extinctions, 
such as the Chicxulub impact in Mexico, 
which is believed to have caused the 
extinction on non-avian dinosaurs 66 
million years ago.

It may be hard to imagine that events 
so powerful could result in anything 
other than destruction. But even mass 
extinctions can provide opportunities 
for life to evolve in new directions. 
Without the Chicxulub impact, 
mammals would not have become 
the dominant animals on Earth – and 
humans wouldn’t exist today. And 
while large impacts may extinguish 
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Ever since the planets first formed, they have been bombarded with 
space rocks. Asteroid and cometary collisions are so forceful that 
planetary surfaces fracture and melt beneath them, leaving behind 
huge craters. These impact events have played an important role in 
our planet’s history, by shaping the geological landscape, producing 
valuable minerals, and affecting the evolution of life. Dr Gordon ‘Oz’ 
Osinski from the University of Western Ontario, Canada, aims to 
understand this fundamental process on Earth, Mars and the Moon 
– with important implications for space exploration, mining, and for 
understanding the origins of life.

WWW.SCIENTIA.GLOBAL

Impact melt rocks at the Mistastin Lake 
impact structure, Labrador, Canada. 



life, they could also form the cradle of 
life on barren planets – by delivering 
the building blocks and creating the 
right environmental conditions for 
early forms of life to emerge. Thus, 
impact craters could hold clues to 
understanding the origins of life, 
and may help the ongoing search for 
extraterrestrial life on other planetary 
bodies such as Mars.

Impact craters also have more 
immediate benefits to society. Many 
of the valuable resources extracted 
through mining are created during 
an impact event and deposited 
in and around impact craters. For 
instance, the Sudbury impact crater 
is rich in important metals, including 
nickel, copper, palladium, gold and 
platinum, and the Sudbury area hosts 
a major mining community as a result. 
Investigating impact cratering on Earth 
and other planets thus has applications 
in resource mining. 

Dr Gordon ‘Oz’ Osinski, Professor in 
the Department of Earth Sciences and 
Director of the Institute for Earth and 
Space Exploration at the University 
of Western Ontario, has spent his 
career researching the beneficial 
effects of impact cratering. Leading 
an international team of researchers, 
Dr Osinski has conducted extensive 
fieldwork and laboratory studies of 

meteorite impacts – including collecting 
data on all 200 of Earth’s known impact 
craters through his Impact Earth 
initiative. 

His work encompasses three major 
processes and products of impact 
events: to understand how rocks 
are metamorphosed and melted 
during impact events; how materials 
from impacts are ejected; and how 
the ‘hydrothermal’ – or hot water – 
environments within impact craters 
develop and evolve.

Creation of a Crater

The formation of a crater during an 
impact event can be divided into three 
main stages. First, the asteroid or comet 
contacts and compresses the ground 
around the impact point. Second, 
material is displaced downward and 
outward by shockwaves and tension-
release waves from the point of 
impact. Some of the material is ejected 
from the growing so-called transient 
crater, forming the characteristic bowl 
shape. Lastly, the crater undergoes 
modification, with melted and broken 
up rock flowing and settling both 
inside the crater and outside the crater 
rim. Dr Osinski has been studying 
both the formation of craters and the 
emplacement of impact ejecta.

‘Simple’ craters retain their bowl shape 
during the final modification stage. 
Depending on the size of the asteroid 
or comet, ‘complex’ craters can form, 
comprising a central peak and a crater 
rim that are heavily deformed and 
fractured. Very large complex impact 
craters sometimes exhibit one or more 
centrally uplifted rings, giving the crater 
the appearance of having two or more 
concentric peaks. 

‘There remains no consensus as to 
how the peak-ring morphology forms, 
with some proposing it forms from the 
outwards collapse of a central peak, 
and others that this morphology is the 
result of the increased melt volumes as 
crater diameter increases, which results 
in melting of the peak,’ explains Dr 
Osinski. ‘This has resulted in uncertainty 
regarding the original morphology 
and structure of the largest impact 
structures on Earth: Chicxulub, Sudbury, 
and Vredefort.’

Dr Osinski and his colleagues have been 
contributing to our understanding by 
comparing impact structures on the 
Earth, Moon, and Mars. This allows 
them to differentiate local and site-
specific effects from more general 
features of impact craters. His team has 
also been developing techniques and 
technologies for robotic and human 
operations on the surface of the Moon 
and Mars, which are also applicable to 
terrestrial mining operations. 

Initially, Dr Osinski focused on craters 
between 2 to 40 kilometres in diameter. 
His team subsequently expanded this 
research to include large impact craters, 
with the aim of better understanding the 
original structure of the Sudbury impact 
crater and thus supporting targeted 
mining efforts. At around 250 kilometres 
across, the Sudbury crater is one of the 
largest found on Earth.

Shocked and Melted Rocks

The incredible temperatures and 
pressures generated during a meteorite 
impact melts rocks near the point of 
impact. Other existing rocks undergo 
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Dr Osinski conducting fieldwork above the clouds on the south 
coast of Devon Island, Nunavut, Canada.
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A shatter cone – formed through shock metamorphism. Sudbury Breccia – a rock produced via melting during the 
Sudbury impact event.

‘shock metamorphism’ to become new kinds of rock without 
a great degree of melting. Impact melt rocks in some regions, 
such as the Sudbury crater in Ontario, contain economically 
important ore deposits that support a thriving mining industry.

Dr Osinski and his colleagues have helped to shape our 
understanding of these processes. Their fieldwork and powerful 
microscopic analysis of the rocks around several craters 
transformed our understanding of how ‘carbonate’ rocks and 
minerals – such as limestone or dolomite – respond to impact 
events. It was originally believed that these rocks do not melt 
during impact events, but rather disintegrate into carbon 
dioxide and other greenhouse gases – with implications for the 
planet’s climate post-impact. 

However, the team demonstrated that carbonates do undergo 
melting during impact. ‘This work has important implications 
for assessing the environmental effects of impacts, such as the 
Chicxulub impact 66 million years ago that is blamed for the 
extinction of the dinosaurs and 60% of all species on Earth,’ 
says Dr Osinski. 

‘Igneous’ rocks, such as granite or obsidian – formed from 
molten rock that has cooled and solidified – are created 
through natural processes within the Earth’s crust and through 
volcanism on the surface. Igneous rocks also form during 
meteorite impacts. Though formed through different processes, 
these rocks share similar characteristics, such as flow textures 
and cooling cracks, making their origin tricky to determine. 

Dr Osinski synthesised information and methods for 
determining igneous rock origins using samples. However, he 
notes that samples are not always available, for example during 
exploration of other planets and moons. Remote sensing 
technologies may one day offer solutions to problem.

The Cradle of Life

In some of his recent research, Dr Osinski led a team of 
researchers in investigating the possibility that impact craters 
may have been the origin of life on Earth. It has long been 
believed that meteorite impacts would have presented a 
barrier to the emergence of early life, but Dr Osinski has turned 
that idea on its head. He posits that after the initial destruction, 
meteorite impacts can create a hospitable oasis for early life to 
form.

It is believed that early life formed in hot, wet environments. 
Impact events can generate these conditions by creating 
hydrothermal vents through cracks and fissures in the Earth’s 
crust, both on land and under the sea. Add this to the minerals, 
clays, and other chemical ingredients that are generated or 
delivered during impact – and the recipe for life may be created.

Impact events were far more frequent during the first 500 
million years of the Solar System than they are now, lending 
weight to this hypothesis. Unfortunately, after billions of years 
of erosion, volcanism, and plate tectonics, we’ll never really 
know where or when life originated on Earth. But perhaps the 
finding could direct our search on other planets. 

Impact craters on Mars – not subjected to the same processes 
that destroy the evidence on Earth – may help planetary 
scientists eventually solve the puzzle. If they know what to look 
for. ‘It’s a good place to start to explore the role of meteorite 
impacts in the origin of life, as long as they look out for the 
habitats, nutrients, and building blocks for life that we outlined 
in our study,’ says Dr Osinski.

For now, the hunt for the origin of life continues. Dr Osinski’s 
research on the beneficial effects of impact craters on Earth 
and beyond could one day contribute to the discovery of a 
generation. In a recent paper, he concludes, ‘Would it not be 
poetic that impacts, long seen as harbingers of death, turn out 
to have in fact been the cradle of life?’
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