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 Okay.  We’re gonna continue our discussion today of the structure of the Earth, 

and then we’re gonna talk about the structure of the Moon.  I was discussing in the 

previous class — I was discussing the plate structure of the Earth’s surface.  We had 

these sections of the Earth’s crust that are separate sections that can move around with 

respect to each other, and we determined their boundaries more or less using 

earthquakes.  And so we see where earthquakes are occurring and we can tell that that’s 

where the Earth is moving and that these plates are shifting against each other. 

 Astronomers have been interested for many years as to whether all planets that 

have solid surfaces would be doing this.  And so when we start talking about Mercury and 

Venus and Mars, we will also be looking for evidence of this shifting of the crust.  Because 

we don’t know offhand without studying it whether this is something every planet would do 

or whether it’s unique to the Earth.  We know it’s happening here.  We’re not exactly sure 

whether that translates to other planets. 

 Now, what are the reasons why the crust is shifting?  I already mentioned that 

these plates are sitting on soft material and that soft material can move.  We tend to think 

of rock as very solid — it is solid — but even rock that appears solid can be flexible and 

can ooze slowly.  Think of a glacier in the Northern Hemisphere, up in Alaska somewhere.  

It’s a big section of ice sitting on a mountain.  It looks very solid and it is solid ice.  But 

glaciers can move.  They move slowly.  They slowly slide downhill and shift their position.  

The front end of the glacier breaks off and disappears, but more is being produced at the 

back end. 

 And so although it looks very solid, it can still move.  It can still shift.  Well, the same 
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thing can happen under the surface of the Earth.  The rock may look very solid or, even on 

your studies using earthquakes, may appear to be solid material, but it can still be shifting.  

It can still be moving around.  And part of the reason it might be moving around is that the 

Earth is spinning.  It’s turning once every 24 hours, so there’s a lot of motion going on with 

the Earth.  And maybe some of that motion affects what’s going on underneath.  And so 

we have this slow motion of rock under the surface and the stuff on the surface floats 

around on that, and so moves as a result of it. 

 If we look at the structure near the crust — here’s a drawing in the lower part of this 

picture showing the entire Earth.  You’ve already seen that.  And we’ll take a blow-up on 

just the crustal area and you see that we actually divide the top portion of the Earth’s — 

what we normally think of as just the crust into several sections.  So we have the 

asthenosphere — you might think of that as the top of the mantle.  We have the 

lithosphere which you can think of as the bottom of the crust, and we even have what we 

call continental crust on top of that.  We have crust also under the oceans, but notice it 

tends to be much thinner.  The crust under the oceans is much thinner than the crust on 

the continents.  That’s why the continents are above sea level.  Because the crust is 

thicker and so it sticks up above the water level.  Where the crust is much thinner, it stays 

below the water level.  So depending upon the water level on the Earth, you’re gonna 

have more or less continental crust and more or less ocean crust.  So the thinner regions 

are going to have more water on top, the thicker regions tend to be uncovered and so they 

are the continents. 

 So when we’re looking at a map like this previous one and we see drawings of 
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where the plates are, that’s not obvious from just looking at a picture of the surface.  

Notice that the Pacific plate is mostly underwater.  You would not even notice it was there.  

So looking at the surface of the Earth doesn’t exactly tell us where all the plates are.  We 

see on the surface the continents and the continents are on plates.  They are sitting on the 

plates, but they may only cover part of a plate. 

 And so, for example, if you look at the South American plate, notice that less than 

half of it is actually the continent of South America.  It’s a much bigger plate.  But only the 

part that’s up above the water is the part we call a continent.  And so the plates carry the 

continents around on them but they’re not defined by the continents themselves.  The 

plates can be larger than the continents or in some cases smaller than the continents.  Or, 

in the case of North America, you see that a slight section of the West Coast is on a 

separate plate.  Even though we would consider it all one continent, it’s on two separate 

plates. 

 And so looking only at the continents doesn’t really tell you where the plates are.  

The original idea that geologists got for the motion of the crust was that they thought the 

continents were shifting and it was called continental drift.  And it was only after studying 

this drift for a while they realized that the continents were literally just sitting on a bigger 

structure, a plate, and it was the plates that were actually doing the moving around.  So 

the continental drift was a visible portion of the plate motions.  And so it was a while before 

geologists realized exactly how it was all working.  They originally saw what they thought 

was some drifting of continents and then realized that it’s the whole surface of the Earth 

that’s moving around. 
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 That continues.  It’s not something that just happened once or happens now and 

then.  It’s a continuous process.  And so if I show you a picture of the — a simplified 

picture of the structure inside the Earth below the crust, what you see is this section called 

the asthenosphere and that’s the rock I mentioned that kind of moves, that flows.  And so 

you see here — in the drawing they’re showing you which way the rock is flowing.  It’s a 

slow process.  The material is moving.  Think of putty or something that’s kind of solid but 

still flexible.   

 And so this material is moving slowly and, as a result, what’s on top of it, the crust, 

the ocean floor or the continents, are moving with it.  So the material above this region 

that’s flowing has to move also.  And when you get two plates bumping into each other, 

one of them goes down below the other one.  They can’t just hit and stop.  One of them 

has to sink.  And so one of ‘em goes down below the other one, which of course pushes 

up the one on top.  And so you tend to get mountain ranges where these plates are butting 

up against each other.  One of them goes down and you get a mountain range along that 

edge. 

 And if you look at this picture again of the Earth and you look at the edges of some 

plates — for example, the one down the West Coast here — there’s a boundary between 

plates.  We have a mountain range running the entire length, all the way down here.  In 

South America we have the Andes running down the west coast of South America and 

that’s the result of those two plates butting into each other, one going down below and the 

other buckling up on top, producing a mountain range.  So many of the mountain ranges 

on the Earth are produced by this collision of these plates, where one goes below and the 
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other buckles up on top. 

 We also have the same thing over in Asia.  The Australasia plate is bumping into  

the Eurasian plate right up here, and so you get the Himalayan Mountains.  You get 

mountain ranges wherever these plates are colliding and one goes below the other and 

causes a buckling.  So if we’re looking at other planets, we also may want to look for 

mountain ranges to see if maybe that’s where plates are coming together. 

 Appalachian Mountains are very old and so they are probably the result of 

something that went on in the past that’s not happening today.  We don’t see a plate 

boundary there.  But it could be that a long time ago when the continents and the plates 

were in different positions, that was a boundary.  And so sometimes you see what you 

might call fossil mountains that are not actually at a plate boundary.  They may have been 

at one time.  Because the plates are not always staying the same size.  If you think about 

the fact that one plate is going below the other, you’re losing it and the other one is not 

being lost.  Well, you can have plates in different directions colliding and changing size  

and shape as they go on.  So, yeah, the Appalachians are an old mountain range that 

may have indicated where a plate boundary was at one time. 

 Back to this picture, we have the ocean floor in this particular picture moving in and 

hitting the continent, and going down below.  You then have the mountain range forming 

immediately where the material is going underneath.  And in the center out here, you have 

a crack that’s forming.  Because, if you notice, the sea floor is moving in the opposite 

direction over on the left side and it’s separating right in the middle.  And that’s because 

underneath you’ve got flow that’s going in different directions. 



ASTRO 114 Lecture 18 6 
 
 When you get a case like that, you get a crack between plates as they separate 

and material comes up from underneath, fills in the crack with new rock.  So you actually 

have a circulation of rock from the surface down and from underneath back up to the 

surface.  This is a slow process just like the plate motions themselves.  It’s very slow but 

it’s continuous.  So crust is being lost as it goes down underneath.  Other crust is forming 

where material is coming up in places where the plates are separating. 

 And so we have sections of the Earth where there’s new material coming up from 

underneath — stuff that was way down 30, 40, 50 miles down below the surface -- moving 

up and becoming part of the crust and then spreading out from that crack as the plates 

move.  So you get a recycling of the crusted surface.  What this means is that over a very 

long period of time you lose a lot of the rocks that are on the surface.  Some of the surface 

disappears.  It goes down below, gets melted, moves around, gets reformed, and then 

comes up unrecognizable as the old stuff and forms new crust somewhere else.  But this 

is over a long, long period of time.  We’re talking about hundreds of millions of years here 

when we’re reforming the crust. 

 But this means that if we’re looking around for very old rocks on the surface, we 

have to be pretty particular about where we look.  We don’t want to look in a place where 

the crust has been forming recently.  You’re not gonna find any old rocks.  You’re gonna 

find only new rock, young rock.  So if you want to find very old rock to be able to date the 

age of the Earth, you certainly don’t want to look in a place where you have lots of activity 

of the crust going under and coming back up.  You want to look in some place that’s been 

pretty stable for a long time.  And so there are certain parts of the crust that are much 
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older than others, that have managed always to be on the upside when there was a 

collision, and so usually the upside is much older than the side that’s sinking down below 

and recycling. 

 These plates are moving around on the Earth.  We know which way the plates are 

moving today because we can actually measure their motions.  We have been able to 

determine exactly how fast the North American plate is moving in one direction and the 

European plate is moving in another, and the Australasian plate is shifting in yet a third 

direction.  We’ve been able to actually map the directions that they’re moving and their 

speed.  And once we know that, we know which way these plates are shifting, we can run 

the clock backwards to see what the Earth looked like in the past.  Because the continents 

are sitting on the plates, the continents are moving with them.   And so what was thought 

of as continental drift, shifting of the continents, is the motion of these plates.  And if we 

run the film backwards, we can see where they were. 

 And so geologists have done that.  We start out with the bottom picture today.  

Here’s more or less a drawing of the Earth the way the continents look today.  And if we 

go back a hundred million years, we find that the continents were in slightly different 

positions.  Notice in particular that North America and Europe have an ocean between 

them today.  A hundred million years ago, they were not that far apart.  Notice that 

Australia is moving north.  A hundred million years ago, it was essentially attached to 

Antarctica.  Yes? 

 [Inaudible student response] 

 When you’re doing these kinds of calculations, you sort of have to assume that.  
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Although I guess you can get pretty sophisticated and say, “Well, if two of them bump into 

each other, they might slow down.”  Then you kind of have to assume how they slow down.  

So, yeah, what they actually look like may be a little bit different from this because we’re 

assuming that they’re constantly going, but there may have been some changes that 

we’re not aware of.  So this is sort of a simplified version, if you want to look at it that way.  

 So you see changes over a hundred million years.  Over two hundred million years 

the changes are even more dramatic.  Two hundred million years ago — the picture at the 

top — shows that almost all the continents were pretty well attached to each other.  They 

were right up against each other.  And so what we had was an Earth was essentially 

continents on one side and ocean on the other side.  Rather unbalanced.  And that may 

have actually caused some problems on the Earth.  If you’ve got an unbalance, you’ve got 

too much continent on one side and too much ocean on the other, you could actually have 

some problems with the orientation of the planet.  I won’t get into those details, but some 

geologists think that the orientation of the Earth has shifted as a result of that. 

 Now, you could imagine — and geologists have tried to work it out — that there 

was a time earlier than this when maybe the continents were again separated.  So maybe 

they came together and then separated off in different directions, so this was only a 

temporary collision of all the continents.  You can try to work it back very far but the farther 

you go back, the less obvious things are -- such as were they all moving at a constant rate, 

were they all going in the same direction.  That’s not possible because when they all 

bumped into each other, they would’ve had to change their direction and their speeds.  

And so it becomes less obvious which way they would’ve moved. 
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 We can sometimes figure out which way they moved, not by looking at the motion 

of the plates which you can go back so far, but by looking at what the surface looked like.  

If these sections were really next to each other, then the surface material should blend 

together.  So if you had a mountain range back then and the mountain range went all the 

way across a section, when those plates split that mountain range or that kind of rock 

would’ve separated, but it should be obvious that it was the same kind of material or the 

section o f mountains that were just now farther apart.  And so we can actually look at what 

is now separate continents, totally different places on the Earth, and see that the kinds of 

rock and the layering in the rock were the same on both sides.  And so we know that at 

some time in the past they were together. 

 And so you can look at the present motions and their directions, but you can also 

look at the surface features and see how those surface features are discontinuous but 

then continuous somewhere else.  And then you can figure or speculate that those two 

sections were together at some time in the distant past.  But, as I said, the farther back 

you go, the less obvious these things are.  And so you get more and more speculative as 

to where the various parts of the continents were. 

 You can also run this picture forward so that if we wanted to see what’s going to 

happen in the future, we could calculate which way the continents are moving today and 

draw another picture, which I don’t have handy, to show you what they might look like 50 

or 100 million years from now.  What we do know for sure is that North America and 

Europe are moving farther apart so that the Atlantic Ocean, for example, should continue 

to widen.  And the Pacific may shrink as a result of that.  Because North America will be 



ASTRO 114 Lecture 18 10 
 
moving around toward Asia, and so things may continue to get more and more balanced 

as time goes on.  The continents are spreading around the planet more evenly. 

 Now, one last thing I want to mention about the surface of the Earth.  There are 

different types of rock on the surface.  We usually divide them up into three simple groups.  

You can get much more complicated than this, but this is not a Geology class so we’re 

going to keep it as simple as possible.  We’re going to talk about it only in broad terms.  

We have the three types of rocks — igneous — igneous is, if you want to think of it in a 

simple way, whatever comes from lava.  It’s rock that’s been melted, comes up to the 

surface either because two plates are moving apart and material comes up to fill in the 

crack — that’s igneous rock — or it comes up through a volcano, spreads out over the 

surface.  So lava, basalt, that’s the igneous rock.  It’s been melted and heated and it then 

pours out onto the surface and becomes part of the crust. 

 We have a different kind of rock, sedimentary rock.  This is rock that’s already been 

on the surface and has gotten weathered, broken apart, and changed.  So you’ve got 

surface rock.  Water may be running over it causing it to erode and turn into dirt and dust, 

small particles or sand, things that essentially break the rock apart.  And then the rock 

separates and moves somewhere else and then settles down into layers, and those 

layers reharden into rock.  So we call that sedimentary rock because it’s sediment that 

has solidified back into rock.  That’s usually found in layers, normally horizontal layers, 

because it’s usually from erosion  — whether it’s water erosion o r wind erosion or heat 

erosion.  Something causes the rock to break apart and then move to a lower area where 

it then settles into a layer and then resolidifies under the right conditions, and you have 
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sedimentary rock. 

 You can then process the rock even more -- sedimentary rock is somewhat 

processed rock — into metamorphic rock.  Metamorphic is either igneous or sedimentary 

that has gotten under high pressure.  Maybe it’s at the bottom of a mountain.  And so 

there’s a lot of pressure on the rock that actually transforms the material.  And so it’s 

rather processed rock that used to be on the surface, may have been igneous at one point, 

may have been sedimentary, but it’s gotten underneath a lot of other rock and so it’s been 

pressured and changed either by heat or just the pressure itself into something that’s a bit 

different, and so we call it metamorphic.  It has changed into a different kind of rock. 

 When we look at other planets, we will be looking for igneous rock.  We will be 

looking for sedimentary rock.  We will looking for metamorphic rock.  Because we want to 

see if the same processes that go on on the Earth are going on on these other planets.  

So we will be looking for those other kinds of rock. 

 Now, we have a dynamic Earth.  Things are changing.  The surface is changing.  

We have an atmosphere that changes daily.  Remember the video you saw yesterday on 

the Moon?  Did you see any atmosphere on the Moon?  Think about the pictures.  The sky 

was black.  That was a color video.  But I’m sure as you watched it you kind of forgot that.  

You probably thought it looked pretty black and white.  Most of the rock on the surface of 

the Moon is just gray, and so it doesn’t look like it has a particular color.  The only time you 

thought about color was when those astronauts were saying, “Oh, look at the dirt.  It looks 

orange.”  They were shocked.  Because all the other rock is just pretty much gray.  And to 

see a color on the surface was surprising to them.  It was an orange kind of rock. 
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 Well, where do you get an orange kind of rock?  It turns out that certain kinds of 

igneous rock can be orange.  And so they immediately thought they had found a volcanic 

area and they were wondering if it was fresh volcanic material.  Maybe it had just recently 

come out of a volcano.  And so they brought it back to the Earth and we analyzed that rock 

and found out that, yes, it was volcanic but it was billions of years old.  It was extremely 

old volcanic rock.  So we didn’t find any recent volcanism on the Moon. 

 In fact, I’m going to show you a video now that will show you the geology of the 

moon to compare it with the Earth, and you will see that there’s not much recent on the 

Moon at all.  It’s pretty much all very old material compared to our Earth which has 

recycling going on right up to the present time. 

* * * 

VIDEO 

In many respects, our Moon is one of the strangest bodies in the entire solar 

system.  Of all the terrestrial or four innermost planets, only Earth has such a large 

moon.  Compared with the terrestrial planets, the Moon’s density is much lower 

than we might have expected.  Compared with Earth, the chemistry is much 

different. 

Before the Apollo program, three major theories arose to dominate scientist 

thinking about how the Moon was formed.  One suggests that the Moon split off 

from the Earth and was flung into orbit around our planet.  A second theory 

suggests that the Moon originated as a twin planet, perhaps from materials left 

over from the formation of the Earth.  The third theory holds that the Moon was 
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captured by the Earth’s gravitational attraction, having been formed somewhere 

else in the solar system. 

There are problems with each theory.  It has been suggested that it would be 

easier to explain our Moon’s absence than its presence.  Nevertheless, from the 

date of return by the remarkable Apollo flights, as well as unmanned missions, we 

have learned a great deal about the Moon’s evolution and early history.  It has 

become, in a sense, an emerging planet. 

Unless it split off from another planet, it must have originated as a tiny body, 

perhaps one something like Fulvus, one of the moons of the planet Mars.  And it 

grew by a process of accretion, an accumulation of objects drawn together often in 

massive collisions by gravitational attraction.  These objects ranged from 

microscopic dust particles to asteroids. 

By 4.6 billion years ago, the Moon had reached its present dimensions.  During the 

last 10 to 100,000 years of this primaeval bombardment, the collisions may have 

generated so much heat that the entire outer shell of the Moon may have turned 

into a seething global ocean of molten silicate materials. 

Once bombardment slowed, the liquid shell began to cool, solidifying over a period 

of tens of millions of years.  Crystals rich in calcium and aluminum formed.  They 

rose to the surface and produced a mush which eventually solidified to become the 

dominant light colored material we call the highlands.  Simultaneously, dense 

crystals rich in magnesium and iron formed, and sank to the bottom becoming a 

distinct dense layer. 
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There was now a lunar crust, a product of millions of years of crystallization.  One 

hundred to 300 million years later, radioactive heating became extensive enough 

to melt materials in the shell just beneath the crust.  The melting produced pockets 

of liquid, giving rise to volcanic eruptions 4.4 to 4.3 billion years ago.  At the same 

time, it seems that globules of molten material rich in metallic iron may have 

accumulated and they settled down into the center to form a core. 

 If 2 to 3 percent of the original Moon consisted of metallic iron, the core 

could have a radius about one-fifth that of the whole globe.  Such a differentiated 

moon with a crust, a mantle, and a core came as quite a surprise to many scientists 

who had expected the Moon to be homogeneous with materials distributed more or 

less evenly throughout. 

A molten core rich in iron could have functioned as a huge dynamo, much like the 

Earth’s core, and produced a magnetic field.  This would explain the magnetic 

properties of many of the lunar rocks which have been returned by Apollo crews. 

According to theoretical studies, the Moon and Earth serve as very efficient 

celestial vacuum cleaners.  And within less than 100 million years after their 

formation, they should have swept up most objects in their vicinity.  Surprisingly, 

600 million years after the formation or one-half billion years later than we would’ve 

expected, huge objects were still impacting on the moon, helping produce the 

rugged surface.  Some of them were as large as the State of Rhode Island. 

The final ones blasted out the great circular basins we see on the Moon’s face 

today.  One of the final large impacts, which we called the Imbrium Event, 
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produced the circular feature which now serves as the right eye of the Man in the 

Moon. 

By the time of the Imbrium impact, the exterior of the Moon had cooled to depths 

well below the crust.  The interior, by contrast, began to warm up, a result of natural 

radioactivity.  At a depth of 150 miles, perhaps 300 miles, a zone began to melt 

producing liquid silicate material that accumulated in pockets.  The liquids then 

found their way to the surface, sometimes following fractures in the crust, 

sometimes forcing a passage through solid layers. 

One volcanic flow after another filled in the great basins produced by the large 

meteorite impacts and began what Galileo Galilei called the lunar maria or seas.  

After some one and a half billion years, major volcanic activity on the Moon had 

come to an end except for a last gasp of volcanic activity originating deep in the 

lunar interior, rare meteoroid impacts such as the one which produced the crater 

Copernicus and occasional small moon quakes. The piece of the Moon has 

been largely undisturbed for 3,000 million years. 

Since the first manned Apollo landing in 1969, we have thus learned a great deal 

about those early events and processes which produced the Moon.  And it seems 

likely that similar events and processes were at work on our own planet.  The 

Earth’s early geological records, however, have  been largely obscured.  For while 

at least 97 percent of the Moon’s rocks are older than 3 billion years, some 97 

percent of the Earth’s rocks are younger than 3 billion years.  Almost all the older 

rocks have been destroyed by extensive volcanic activity — faulting, folding, 
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erosion, sedimentation, and other geologic processes. 

What few of the ancient records we do still have on Earth are being illuminated by 

our lunar studies.  For instance, rock similar to those of the lunar highlands are 

found on Earth and may have been formed by a similar process.  Counterparts to 

the maria formations on the Moon may be represented by certain very old volcanic 

formations on Earth.  On a simple graph, the differences in global activity on the 

Moon and Earth can be summarized with the level of activity plotted against time 

from 4.6 billion years ago to the present. 

It is clear that the Moon had a violent and dynamic early history and that major 

geologic activity had come to an end by 3 billion years ago, leaving the planet as 

virtually a dead body.  It seems likely, though not yet certain, that the Earth 

experienced a very similar early history.  But unlike the Moon, the Earth did not die.  

Indeed, its geologic activity increased. 

By a half billion years ago, hard-shelled animals had appeared on Earth and they 

left their fossils in rocks we find today.  It was only about 200 million years ago that 

the present continents split and began to drift apart, a process which continues to 

this day.  In essence, it is possible that the Earth and Moon had quite similar early 

histories which should lead to a better insight into the first billion years of Earth’s 

history than ever before.  It is clear that the two bodies had widely divergent later 

histories. 

As scientists from a wide range of disciplines have come together to study the data 

returned from Apollo missions, there has been a rich interchange of ideas and 
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knowledge and investigatory techniques.  This has led to a clear understanding of 

our solar system.  The study of lunar rocks, for instance, has told us that the bulk 

chemistry of the Moon is quite different from that of the Earth or meteorites or the 

Sun. 

Our picture of the solar system is now quite unlike the one prior to Apollo.  No 

longer would we expect the bulk chemistries of the inner planets and moons of the 

solar system to all be similar, for it is now clear that there are important differences.  

While the bodies have certain elements in common, those elements are combined 

in widely differing proportions. 

Compared with Earth, for example, the Moon is rich in calcium and aluminum and 

poor in sodium and water.  In fact, the chemical dissimilarities are so great that the 

possibility that the Moon was derived from the Earth has essentially been 

eliminated and the question of the Moon’s origin still unanswered. 

Apparently, the Moon and every other planet in our solar system have each a 

unique character, a unique story to tell.  As we conclude Apollo with a manned 

flight to a region just east of the Sea or Serenity, we have opened a new chapter in 

science.  In studying the Moon, we are taking our first close-up look through what 

has been called a window to the history of our solar system. 

* * * 

 

 

 


