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 Okay.  Today we’re gonna finish up our discussion of the Moon and the Earth.  If 

you remember from the video you saw about the Moon, there was a discussion of how the 

Moon melted — not melted — liquified and then the iron sank to the core, and lighter 

materials rose to the surface.  This produced a structure that superficially is like the Earth.  

There’s a core, a mantle, and a crust.  But notice a difference here.  For the Moon, the iron 

rich core is very small.  This outer region that says “partially molten” is expected to be rock, 

not iron.  So with the Earth, the iron core extends out quite a ways as molten iron. 

 If there is a partially molten inner region on the Moon, it would be more rock.  We’re 

not sure that it’s actually molten.  We do not have enough information about the interior of 

the Moon to know exactly what’s down there.  So we think there is a small iron core and 

we think there is maybe a partially molten, rocky interior inside the  regular mantle which is 

solid and then there is a crust that’s about 100 kilometers thick.   

 Notice an interesting thing about the crust.  The direction toward the Earth — and 

we can draw that because the Moon always keeps the side toward the Earth.  We always 

see the same features on the Moon.  That side toward the Earth actually has a thinner 

crust than the side away from the Earth.  The crust toward the Earth is thinner than the 

crust on the opposite side. 

 This may be the reason that almost all the seas on the Moon, all those surface 

features that are called seas, the flat areas, are also on the side facing the Earth.  If we 

could see the other side of the Moon, we wouldn’t even recognize it as the Moon because 

there are very few seas on the other side.  It’s almost all craters.  But on the side near us, 

we have these indentations here that have filled in with lava and those are the seas on the 

Moon.  But they’re almost all on the side toward the Earth. 



ASTRO 114 Lecture 19 2 

 So the moon is not symmetrical at all.  But, then again, neither is the Earth.  The 

continents on the Earth are not symmetrically arranged around the Earth and the crust of 

the Moon is not symmetrically arranged around the Moon.  We will discover that this 

seems to be a problem with all the planets and even a lot of the moons of the planets.  As 

we start talking about the rest of the solar system, most of the planets and their moons are 

not symmetrical.  You expect everything to be nice and uniform?  No.  There’s always 

asymmetries in the surface features and the way the material is arranged.  Not perfect.  

And so the moon is our first example that this could be a general trend. 

 Now, if you remember at the end of the video on the Moon, there was a brief 

discussion — and even at the beginning of that video there was a brief discussion — 

about how the Moon could’ve formed and that there were three theories that had gone 

back 100 years or more as to the way the Moon might’ve formed.  It might’ve formed with 

the Earth.  In other words, as a twin object.  The Earth was forming and the Moon formed, 

and they were close enough together they were in orbit.  That’s one possibility. 

 The second possibility was that — and this is the least physical — that maybe the 

Moon broke off from the Earth somehow.  That the Earth was spinning when it formed and 

a piece broke off.  The original idea for this came from people looking at maps of the Earth 

when they noticed that there was this giant area of the Pacific Ocean.  And they said, “Oh, 

there’s no land out there.  Maybe a piece of the Earth broke off over there and went out 

into space and became the Moon.” 

 Well, if you look closely at the Earth, you realize that that doesn’t make any sense 

because the depth of the ocean is only a few miles.  And so compared to the 8,000 mile  

diameter of the Earth, there is no chunk missing from the Earth.  It’s pretty much spherical.  
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It just happens to have a little bit more water on that side.  But that was the origin of the 

idea, that maybe a piece broke off from the Earth.  We now realize that the continents drift 

with the plates and so that whole idea kind of went away, but it was one possibility that 

people discussed over the last 100 years. 

 The third possibility, and the one that most astronomers thought was probably the 

correct one, was that the Earth was captured — I mean the Moon was captured, not the 

Earth.  The Moon was captured.  Passing the Earth at some point it got caught into orbit.  

Now, why would we think that?  Well, if you look at the orbit of the Moon, it is actually 

almost in the plain of the solar system.  And so you could almost imagine an object going 

around with the rest of the planets in the solar system, going by the Earth and getting 

captured into an orbit.  Because it’s got a plain of its orbit that is similar to the plain of the 

solar system. 

 The Moon does not go around the Earth’s equator.  And if the Moon formed with 

the Earth, you would kind of expect it to be going around with the same motion that the 

Earth has.  You would expect it to be going around the Earth’s equator.  We look at the 

moons of Jupiter.  The moons of Jupiter go around Jupiter’s equator.  We look at the 

moons of Saturn.  Most of Saturn’s moons go around its equator.  And so we don’t have 

the same kind of moon that Jupiter and Saturn have.  Our moon has a different orientation 

for its orbit.  It looks more like an object that would’ve gotten captured. 

 But in the late 20th century when astronomers began to try to prove that idea, to 

see if they could actually capture the moon, when they did computer simulations of an 

object like the Moon going by the Earth and getting captured, they discovered it would not 

happen.  No matter how they did the computer simulations, if an object the size of the 
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Moon went past the Earth to go into that kind of an orbit, it would not be captured; it would 

keep going.  So physically it turned out to be a problem, a gravitational problem that 

astronomers hadn’t realized.  They could not show that the Moon could just be captured. 

 Then after the Moon landers, we realized that the Moon was enough different from 

the Earth that it wasn’t formed as an equal body.  In other words, the two did not form at 

the same time.  How did we learn that?  The core of the Moon is only about 3 percent of 

the Moon.  That iron core only adds up to 3 percent of the total mass of the Moon.  If it had 

formed as a twin object with the Earth, it should have the same proportions of iron as the 

Earth does.  And the Earth is about a third iron.  That iron core of the Earth adds up to 

about a third of the total mass of the Earth. 

 If we look at the planet Mercury, we discover that Mercury’s iron core is about a 

third of its total mass.  If we look at Venus, we discover that Venus’s iron core is about a 

third of its total mass.  If we look at Mars, we discover that its iron core — and we’re not as 

sure about the iron core of Mars, but we think it’s pretty well got one — is about a fourth of 

its total mass.  So we’ve got four planets in the solar system that all have at least 25 to 35 

percent iron, and there’s the Moon with 3 percent.  It doesn’t make sense if it formed with 

the Earth. 

 But then the astronauts brought back all those samples from the moon and it was 

found that a lot of the isotopes of various elements found on the Moon were almost 

identical to the isotopes of elements found on the Earth.  And yet when we look at material 

from Mars or material from the asteroid belt, we realize that the isotope ratios for various 

elements out there are different from the Earth’s.  And so we’ve got this problem.  We 

don’t think the Moon would’ve formed with the Earth and yet it has the same kind of 
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isotopes as the Earth has but not the same iron content.  So it’s total confusion as far as 

trying to decide how that Moon formed because the data conflicts.  We have  lots of 

information and none of it fits any of the three theories.  You can eliminate all three 

possibilities.   

 And so by the 1980s astronomers were scratching their heads and saying, “How 

did this moon form?  We have information that shows that none of these theories work.  

We’ll have to come up with a new one.”  And so a new hypothesis came up which 

astronomers at first thought was crazy, but it turns out to be the best one.  It’s a 

combination of things.  The Moon did not form simply.  It was not one of those three 

possibilities.  It was a combination and the combination turns out to be an impact of an 

object with the Earth. 

 Now, how is that a combination?  Well, it’s kind of a capture.  If you have an object 

come from somewhere else in the solar system and run into the Earth, that’s a bad kind of 

capture.  It hits the Earth.  But in hitting the Earth, it would break off a lot of the material 

from the Earth.  And if that material then went into orbit around the Earth and became the 

Moon, that would explain why we have the same isotope combination.  Because a lot of 

the material was actually from the Earth. 

 But we don’t have any iron in the Moon.  Three percent.  That’s a minor amount.  

Why?  Because if an object hit the Earth and broke off a piece of the Earth that then went 

into orbit, it would have broken off the crust and the mantle and not the core.  And the core 

is where all the iron is.  And so if the Moon was actually derived from the outer portions of 

the Earth and some object hitting the Earth, it would have a lot less iron in it. 

 So this strange theory seemed to make sense.  The only problem was, could you 
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calculate in a computer such a collision when astronomers were not able to calculate in a 

computer a simple capture?  And so I will show you a video of the computer simulations 

that were done to show that the Moon could have formed from an impact of an object on 

the Earth. 

* * * 

VIDEO 

            Could the Moon have been born in the collision between a young Earth and 

a smaller object about the size of   In this simulation, both the Earth and the 

impactor have rocky mantles shown in red and orange, and iron cores shown in 

blue and green. 

The impact begins when the object strikes the Earth a glancing blow.  The impactor 

is destroyed in the collision and its material, along with some of the Earth’s mantle, 

is drawn out into a bar.  The bar has rock close to Earth, iron in the middle, and 

rock again in the outer part.  The Earth’s gravity pulls material from the bar onto the 

planet. All the heavier iron falls rapidly through the mantle to settle on top of 

the Earth’s core.  The remaining rock goes into orbit, eventually falling to Earth.  No 

iron remains. 

Simulations like this suggest that more of the leftover rock comes from the 

impactor than from the Earth’s mantle, which could explain both the differences 

and similarities between terrestrial rocks and lunar rocks.  But, in this case, no 

moon forms. 

In a second simulation, the impactor is slightly more massive and hits the Earth 

with greater speed.  Again, the impactor is totally destroyed and its iron settles on 
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top of the Earth’s core.  In this case, more of the rocky debris misses the Earth.  

Some of it peels off and eventually hits the planet.  The remaining rock pulls itself 

together in a sizeable chunk -- in this case, with 85 percent of the mass of the 

Moon.  This chunk eventually goes into a stable orbit around the Earth and a Moon 

is born. 

These simulations were part of a group of 41, each with slightly different initial 

conditions.  In some, a moon formed; in others, only an orbiting disk of rock.  

Studying what conditions produce a moon and which do not, and comparing the 

characteristics of the moons that formed with the real Moon, astronomers can 

better understand exactly what happened billions of years ago when the Earth was 

still young. 

* * * 

 Any questions on that video?  I know it was pretty short, but it shows you the 

simulations that they went through and how you get a moon.  Yes? 

 [Inaudible student response] 

 Well, it’s almost an instantaneous impact.  You’d see it coming for weeks.  But it’s 

actually moving at about 30 to 40 kilometers per second when it hits.  Because it’s really 

orbiting the Sun.  The Earth and this object that they claim was about the size of Mars are 

both orbiting the Sun, and it just depends on what the impact velocity is on the object 

compared to its orbital velocity.  Because the Earth is moving this way so it’s kind of 

catching up and hitting.  So it’s not gonna hit with its full orbital velocity unless it’s coming 

at quite a steep angle.  So it’s gonna hit fairly fast.  It’s gonna be kilometers per second 

and enough to destroy itself, as you saw in the calculations. 
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 How long it takes for the Moon to form was only a couple of orbits.  As you noticed, 

by the time that video ended there was a moon.  So the material pulled itself together 

within a few orbits into a moon.  So the Moon formed in what might be less than a week, 

something like that.  Because when this collision occurred and the Moon formed, the 

Moon would’ve been much closer to the Earth than it is now.  The Moon has been slowly 

moving away from the Earth and will continue to move away for billions of years more, so 

that it will get smaller and smaller looking in the sky.  And at one time in the past it was 

much closer.  So when it formed, it was actually closer to the Earth than it is now. 

 The reason that happens, by the way, is because of the tides.  The Earth and Moon 

are pulling on each other with their gravity and the Moon causes tides on the Earth.  The 

tides on the Earth are a friction.  So there’s energy being transferred from the Earth to the 

Moon.  And that extra energy the Moon is getting causes it to have a slightly larger orbit.  

So it’s slowly working its way away from the Earth. 

 Any other questions on the video?  Yeah? 

 [Inaudible student response] 

 Well, according to those calculations, the iron went through the mantle and into the 

core almost immediately.  Whether that’s realistic, I don’t know but that’s what the 

calculations show.  That it would pour down onto the Earth and just go right through the 

crust, through the mantle. 

 What they don’t show you in that video, because it’s just little dots of material that 

are colliding, is that during the impact there would’ve been a tremendous amount of 

energy released which would’ve pretty much liquified the Earth.  This material that’s going 

around the Earth and most of the Earth’s surface even would have been liquified by the 
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impact.  So what you’re talking about is lava rock floating around.  That’s not solid rock.  

That would be pretty much liquid rock floating around.  And the surface of the Earth 

would’ve been liquified by the impact so anything falling onto it would’ve just gone right on 

through.  So pretty fast.  You had a question? 

 [Inaudible student response] 

 Probably right after the solar system formed.  Because if we look at the oldest 

rocks on the surface of the Moon, they’re almost 4-1/2 billion years old and that would’ve 

been when they hardened into solid rock.  And so this would’ve had to have happened 

almost immediately after the Earth formed about 4-1/2 billion years ago.  There were 

probably a lot more objects than we now have in the solar system.  We now have nine 

planets.  Back then there might’ve been, you know, half a dozen more.  One of them may 

have been in an orbit between Earth and Mars, about the same size as Mars, and you 

saw what fate it had.  It’s gone.  There may have been other objects the size o f planets out 

near Jupiter or in near Mercury, you know, and they have crashed into one or the other of 

the planets. 

 As you saw, some of the simulations show that no moon would form.  So, for 

example, there might’ve been an object that crashed into Venus but it may have hit in 

such a way that no moon formed.  So Venus has no moon.  You have no hint that it was 

ever hit by anything because the only hint would be if there was a moon going around it.  

And so there were probably many other objects in the solar system that have since 

disappeared because they collided with the ones that are still around.  And this is just the 

one that we’re able to work on because it did form a moon.  Yes? 

 [Inaudible student response] 
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 As far as, let’s say, the moons of Jupiter, we actually think they formed with the 

planet when it formed — which was one of the possibilities of the Earth’s moon until we 

realized it didn’t work.  And the reason we believe that those moons would’ve formed with 

Jupiter is that they go right around Jupiter’s equator.  They are uniformly spaced away 

from Jupiter.  And so it looks too neat to have been just an accidental capture.  And, in fact, 

Jupiter does have moons that it has captured.  It has asteroids that have gotten too close 

to Jupiter and actually gotten captured.  And those moons, when we simulate the capture 

in a computer, could get captured. 

 So it’s not like the Earth’s moon where it wouldn’t work because of the particular 

orbit.  The orbits that the moons go into around Jupiter would work for a capture.  So we 

can see some moons going around Jupiter that were captured, but those four Galilean 

moons are too evenly spaced and too neatly arranged right around its equator to have just 

been captures.  And the same for several of Saturn’s moons. 

 So there’s more than one way to form moons in the solar system.  The only one 

that we haven’t seen as a possibility would be a moon breaking off from a planet.  When 

we look at the moons in the solar system, you don’t see any that may have done that.  So 

that idea, which I said was the least physical anyway, doesn’t seem to work anywhere.  

Any other questions?  Okay.  Well, that’s about all I’m gonna say having to do with the 

Moon.  

 I’m gonna go back to the Earth now and talk a little bit about something the Earth 

has that the Moon does not have: an atmosphere.  If you noticed in the video showing 

astronauts on the Moon, the sky was black.  Even though the sunlight was shining on the 

ground, the sky was black.  And the reason is there’s no atmosphere on the Moon.  They 
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were bouncing around in space essentially while they were walking on the moon.  There’s 

no air.  And so if they took their suits off, they’d be dead instantly. 

 On Earth we do have an atmosphere.  And I’ll talk about this atmosphere for a little 

while.  Notice on this overhead that the atmosphere is broken up into four layers.  We 

have the bottom of the atmosphere — this is the ground down here.  The bottom of the 

atmosphere is called the troposphere.  That’s what you live in, that’s what you breathe, 

that’s where all the weather is — down in the troposphere, the bottom of the atmosphere.  

Higher in the atmosphere, where some jet planes fly, is the stratosphere.  That’s a fairly 

thick section of the atmosphere above the troposphere.  And then even higher than that, 

once you get about 50 kilometers up, you get the mesosphere.  And then finally the top 

layer of the atmosphere is called the thermosphere.  These are four different layers of the 

atmosphere. 

 Now, why would we give them four different names?  What divides one layer from 

another?  Well, if you look at this graph of temperatures, I think you’ll get the hint as to why 

they’re divided up into four layers.  In the troposphere, starting at the ground and moving 

up, the temperature drops.  So the higher you go through the troposphere, the colder it is.  

That’s why the tops of mountains have snow on them even though the bottom of the 

mountain may be having summer.  As you go up in the atmosphere, the temperature goes 

down until you get to a certain place up in the atmosphere where the temperature starts to 

go back up as you go higher.  And that’s sort of the dividing line between the troposphere 

and the stratosphere. 

 So it’s a temperature layer.  In the stratosphere, the higher you go the warmer the 

temperature until you get up to the ozone layer — this is a layer right at the top of the 



ASTRO 114 Lecture 19 12 

stratosphere and the bottom of the mesosphere — where the temperature reaches a 

maximum.  And then above that, again as you go higher in the atmosphere the 

temperature goes lower as you go through the mesosphere.  So these different layers are 

labeled because of the temperature structure of the atmosphere. 

 Notice that it gets quite cold as you go up through the atmosphere, up to about 80 

or 90 kilometers up.  Then from that point on to higher altitudes, you also are going to very 

higher temperatures.  And since the temperature gets so high up in that region, that’s why 

that region of the atmosphere is called the thermosphere ‘cause it’s a high temperature 

region.  And so the four layers of the atmosphere show different temperature structures. 

 Now, why is it warmer up here than it is down there?  Notice where the temperature 

peaks.  It peaks right where the ozone layer is.  Ozone is oxygen with three atoms to a 

molecule that absorbs ultraviolet light.  So ultraviolet light coming through the Earth’s 

atmosphere from the Sun is absorbed by that ozone layer and it’s absorbed and turned 

into heat.  And so it’s the ozone layer that is causing this bump in temperature in the 

stratosphere and mesosphere. 

 The reason it gets hot near the top of the atmosphere is that there’s no protection 

from the sunlight.  And as the sun hits the top of the atmosphere, it heats up a lot of the 

particles right at the top of the atmosphere.  And so it’s the borderline between space and 

the atmosphere that’s being heated by the sun where there’s no filtering at all.  So you 

have two regions of the atmosphere that are being heated up by the sun: the top of the 

atmosphere and the ozone layer.  The reason it’s warmer at the surface than it is higher in 

the atmosphere again is because the surface is absorbing all the sunlight and heating up, 

and then the surface heats up the atmosphere above it. 
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 And so it just depends on where the sun’s radiation is being absorbed.  It’s being 

absorbed at the ground and so the ground is warm.  It’s being absorbed in the ozone layer 

so the atmosphere up there is warm.  And it’s being absorbed right at the top of the 

atmosphere and so it’s warm up there also.  The moon has no atmosphere and so we 

don’t have to label any of the layers.  It’s just pretty much empty space. 

 Now, if you get very technical about it, you can show that there is a very, very thin 

atmosphere around the moon.  But what it is is just some of the solar material that’s 

escaping from the sun being temporarily captured by the moon’s gravity.  It’s so thin you 

would never notice it.  If you were walking around on the moon, you would not notice that 

it was there because it’s only a few molecules floating around above the surface.  But I 

suppose theoretically you could call that an atmosphere if there are any molecules 

floating around above the surface, but it’s not a legitimate atmosphere as we tend to think 

of it like the one going — that it’s around the Earth. 

 Now, connected with this atmosphere there have been discussions about that 

ozone layer.  Material being given off by our industrialized society into the atmosphere 

seems to be affecting the ozone layer.  There’s now a hole — in other words, a weakness 

in that ozone layer down near the South Pole.  That hole is extending.  We have now 

discovered that the ozone layer in other places around the Earth is getting thinner, and 

that means that it’s going to absorb less ultraviolet light because there’s less ozone layer 

to do it, and that means more ultraviolet light that would’ve been absorbed in that 

atmospheric layer is now coming down and being absorbed by the surface of the Earth.  

And ultraviolet light is dangerous as far as sunburn.  It may not be very good for plants.  

And so we’re a bit concerned that destroying that ozone layer could actually affect the 
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surface of the Earth in negative ways. 

 I’m sure you’ve heard about people worrying about the ozone hole and, in fact, we 

have banned certain chemicals from being used on the Earth because they are the ones 

that were destroying the ozone.  So we’re hoping to get that one under control.  It’s a 

manmade problem and so we’re hoping to have a manmade solution.  It’s not going to be 

solved any time soon because it takes a long time for that ozone to regenerate.  So we 

have lost part of the ozone layer.  And so when you go to the beach, you have to be more 

careful now than you had to be years ago because you’re getting more ultraviolet light 

than used to  get to the surface of the Earth. 

 We also have a problem that we think we’re changing the climate on the Earth.  

Now, there have been a lot of arguments as to whether this is a manmade problem or 

whether this is a natural problem.  Maybe we don’t have anything to do with it.  Maybe the 

climate is just changing.  That’s possible.  But the atmosphere is changing. 

 Here is some information from National Oceanic and Atmospheric Administration.  

I think you can read that.  This shows the temperature changes on the surface of the Earth 

on the land and on the ocean and combined since 1880 up to the present time — well, at 

least up to 2000.  And I think you can see without staring too hard at the graph that the 

general trend is toward higher temperatures.  So for the last 120 years, the average 

temperature on the Earth has been going up.  So there is a warming, there is a global 

warming.  Whether it’s caused by our causing problems in the atmosphere, or whether it’s 

a natural phenomenon that might have something to do with the Sun, or just with normal 

climate change, we don’t know.  But what we do know is that the atmosphere is presently 

changing and the troposphere is getting warmer. 
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 And these are the annual changes compared to the average.  And you can see that 

before about 1940, it was colder than average and after 1940 it’s been generally warmer 

than average.  But notice that the real change seems to have started somewhere around 

1980.  Up to 1980, it was kind of questionable whether things were actually changing 

much.  But since 1980, there’s been a definite increase that almost looks like it’s 

accelerating.  And, in fact, the years 1999, 2000 and 2001 were about the warmest years 

in the last 1000 years. 

 We actually have data — I don’t have a graph showing it, but there’s actually data 

going all the way back over 1000 years.  We’ve been able to reconstruct the temperature.  

Not as accurately, because we haven’t had the same measurements.  But we’ve been 

able to figure out approximately the temperature of the Earth all the way back for 1000 

years and the last few years have been the warmest on record for the last 1000 years.  So 

there’s definitely a change occurring in the climate of the Earth.  This can have 

short-range effects and it can have long-range effects.  You can have warm winters where 

there’s almost no snow and yet you hear stories that maybe 50 years ago there was a lot 

of snow at the same time of year, and you wonder what’s going on.  Well, the climate is 

changing.  We’re not getting the kind of winters we used to get. 

 Also the icecaps on the Earth seem to be melting, at least in the northern part of 

the Earth.  The northern icecap is melting.  It’s getting much, much thinner.  I read an 

article just recently suggesting that by 2015, which is only 13 years from now, you will be 

able to sail through the Arctic; that the ice cover north of Canada will disappear enough 

that there will be a northwest passage.  Something people were looking for hundreds of 

years ago but it didn’t exist because of the ice.  But in the next 13 years, the ice is thinning 
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enough that it could actually disappear so that there is a waterway across the north. 

 Now, that may not concern you.  You might say, “Well, it’s easier to get around.”  

Except that when that ice melts, it raises the sea level.  And if you happen to live in 

Houston, Texas, which is right at sea level, you might start worrying about what happens 

when the sea is higher than Houston, Texas.  Do you begin to build a dike or do you move 

to Dallas?  You take your choice.  Because there are a lot of coastal cities that are going 

to be inundated when the ice melts and the sea level rises as a result. 

 So there are gonna be major changes on the Earth because of this climate change, 

whether it’s us changing the atmosphere or just a natural change because of the sun.  We 

haven’t been able to decide yet, but there is a change occurring.  So our climate is 

changing right now. 

 At the end of the chapter, the author discusses even more major changes that can 

happen to the Earth and these major changes are what we might call cataclysmic events.  

We’ve heard about the extinction of the dinosaurs.  I’m sure you’ve probably heard that.  

But actually there have been many major extinctions on the Earth.  This is a drawing 

showing some of the major extinctions that have occurred on the Earth over the past 600 

million years. 

 Now, the farther back we go, the less definite the data.  The best information we 

have is the extinction that occurred here where it says “Cretaceous Tertiary.”  That was 65 

million years ago.  That was when the dinosaurs disappeared.  They disappeared 

essentially overnight.  They were around for over 100 million years and then suddenly, 65 

million years ago, they disappeared.  Now, how do we know that?  We look at the layering 

in the Earth’s crust and we see that above a certain layer, which is mostly sedimentary 
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rock, was laid down over the years from weathering and such — above a certain layer 

there are no dinosaur bones at all and then all of a sudden, below a certain layer, lots of 

dinosaur bones. So we can tell exactly at what layer in the rock the dinosaurs 

disappeared. 

 The question was always, “How did it happen?  What happened to the dinosaurs? 

What happened on the Earth that killed ‘em all off?”  It wasn’t just the dinosaurs.  Those 

are just the biggest skeletons you find.  It turns out that over 50 percent of all the life forms 

on the Earth disappeared at the same time.  So something major happened.  It used to be 

thought that there were two possibilities.  One, volcanic activity.  Maybe there were 

tremendous volcanos here and there on the Earth, messing up the climate, pouring lava 

over the land — you know, general upheaval.  Well, that’s one possibility.  A second 

possibility is extreme climate change.  Maybe the Sun cooled down a little bit.  We’re 

going through a little climate change right now where the Earth is warming up.  What if it 

was going the other way?  What if every winter it got worse and worse and worse?  All of 

a sudden we’d have an Ice Age showing up.  Well, maybe there were extreme Ice Ages.  

And so it was generally thought it was either volcanic activity or major climate change that 

caused the extinction. 

 But in 1980, some scientists studying this layer that divides lots of bones from no 

bones discovered that right in that layer of rock was a lot of iridium, the element iridium.  

Iridium is very rare on the surface of the Earth.  Not a common element.  And yet we know 

from all the meteorites that have hit the Earth that iridium is common in meteorites, 

objects that have come from the asteroid belt.  And so finding a layer of iridium in the soil 

all around the Earth at the same level, when there’s no way that the Earth could’ve 
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produced that iridium, either by volcanic activity or anything else, leads to the suspicion 

that an asteroid hit the Earth, exploded, blew the iridium all over the place along with 

everything else it hit, and that that impact killed half the species on the Earth. 

 So all of a sudden there was as third possibility.  And the more astronomers looked 

at it and the more geologists looked at it, the more real that possibility seemed to be.  

Because it seemed to be an Earth-wide event that happened instantaneously at a 

particular point and there was that layer of iridium to demonstrate that it could’ve been an 

asteroid. 

 Since 1980, when that idea first surfaced, we have actually found the impact crater.  

There is a crater in the Yucatan Peninsula of Mexico that is about 150 miles across, and 

the age of the rock when it was last melted in that crater was exactly 65 billion years ago.  

So you might say they’ve discovered the smoking gun of the impact.  They know where it 

hit.  And if you calculate the amount of energy necessary for an object to cause a crater 

150 miles across, you realize that that’s enough energy to totally disrupt the climate of the 

Earth. 

 Calculations have been done on computers to say, “Okay.  If this thing hit, what 

would happen at the surface of the Earth?”  Well, first of all, you’d have a tremendous 

amount of material blown into the atmosphere.  And remember, the atmosphere is a fairly 

thin layer around the Earth.  And so all that material would go up into the atmosphere and 

completely blanket the Earth.  We have no sunshine and the dinosaurs had no sunshine 

at all for years.  Because the dust layer would’ve been so thick it would’ve been dark 

outside 24 hours a day for years. 

 And then when the dust finally settled out and the iridium layer was then laid down, 
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the temperature of the Earth would’ve suddenly risen probably to about 150 degrees 

Fahrenheit.  And so anything that hadn’t died as a result of being in the dark for several 

years — which means a lot of the plants — would have died from the heat when the Sun 

finally came back out.  So it’s a very violent event when an object hits the Earth and puts 

a big hole in the ground and blows all that dust into the atmosphere. 

 And you’ll notice that there seem to be multiple extinctions on the Earth.  Every 

once in a while a  tremendous extinction occurs.  For example, the Permian Triassic one.  

Ninety-six percent of all the species on the Earth disappeared all of a sudden.  Something 

really nasty happened.  Now, what could it be? 

 Well, here’s a graph.  Now, you’ve gotta look at these two graphs and reverse your 

brain.  Because this graph has the present over on the right.  The next graph has the 

present on the left.  So you’ve gotta kind of reverse everything.  But this graph shows — 

and there’s a lot on this graph, but don’t worry about all of it.  The dark diamonds are 

impact craters that have been discovered on the Earth with their sizes, the approximate 

diameter of the impact crater in kilometers.  Notice the one 65 million years ago, 

Chixalove in Mexico.  Over 160 kilometers across. 

 Notice the big extinction 250 million years ago where I said 96 percent of all the 

species got killed off.  There is a crater in northwest Australia that is over 180 kilometers 

across and its age is exactly 250 million years old.  So when we plot the ages of certain 

craters versus the time of extinctions, at least for those two, they fit exactly.  So there’s a 

suspicion that some of those extinctions were caused by impacts of asteroids.  A 

completely random event that you have no idea about until it just happens.  Not climate 

change, not volcanic activity, just — BAM!  And so the two worst extinctions in the last 250 
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million years appear to have been caused by astronomical objects. 

 We’ll talk a little bit more about that when we start discussing asteroids. 

 


