
Introduction to Environmental Science and Engineering

(ENV – 167)

Anders Meibom

Welcome

Lectures in:
SG 0213 from 1:15 – 3 pm on Mondays

INM 200 from 2:15 – 4 pm on Wednesdays.

Please be on time.
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Our program



Now – let’s introduce the star of the show …..
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The Blue Marble - Wikipedia

The Earth
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The Blue Marble - Wikipedia

The Earth
A planet with an average radius of 6371 km. 

How did it form?
Internal structure and composition.
How old is it?
How does it work?

The climate system: atmosphere, hydrosphere, cryosphere and biosphere 

           … a brief introduction.

A good resource: 
Understanding the Earth by Grotzinger and Jordan.
Publisher: Freeman and Company. 5
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The Solar System
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The Solar System
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How did the Solar System form?

Distance from Earth to the Sun: 150 million kms (= 1 A.U.)



Solar System formation
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The planets form in this disk, which is why 
they all circle the Sun in roughly the same plane: 
The ecliptic.

200 000 AU 500 AU



Solar System formation
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Solar System formation
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The Blue Marble - Wikipedia

The Earth:

How did it form?
Internal structure and composition.
How old is it?
How does it work?

The climate system… a brief introduction.
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The Earth’s internal structure and  composition
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Crust

Mantle

Solid iron
inner core

Liquid iron outer core:
Earth’s magnetic field 
is created here.
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The Earth’s internal structure and  composition

Seismic waves travel through the Earth and are refracted/reflected 
at interfaces where the density changes, just like light: 

Two laser beams travel from air into water and 
are reflected with a mirror.

Dending on the angle the reflected beams are 
either reflected back at the water/air interface 
(and end up on the table), or return to the air.

Seismic waves, which are either compressional 
(P) waves or shear (S) waves, do something 
similar inside the Earth.



P Waves and S Waves
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The Earth’s internal structure and  composition

Seismic waves are either 
compressional (P) or shear (S) waves.

The speed of wave propagation depends 
on the density of the medium…

Sound is a P wave propagating at 0.34 km/s in air and at 1.5 km/s in water

P waves in rock (granite) propagates at 6 km/s…

S waves travel slower and cannot propagate in a fluid medium like air, 
water or…the Earth’s liquid outer core. 
So, if we have a strong earthquake… P and S waves take off from the epicenter…

https://www.google.com/url?sa=i&url=https%3A%2F%2Fbyjus.com%2Fphysics%2Fp-wave%2F&psig=AOvVaw1DrYkJv6Ol9X5x5fWq62Xf&ust=1757350645430000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCNDUsL2Px48DFQAAAAAdAAAAABAE
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The Earth’s internal structure and  composition
Seismic waves travel through the Earth and are refracted at interfaces 
where the density changes, arriving (or not) back to the surface at 
different times, allowing the inner structure to be determined: 
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Abrupt changes in density 
between Earth’s major 
interior layers are caused 
by changes in the chemical 
composition of those layers.

Why is there so much metal
(mostly Fe with some Ni) 
at the center of the Earth?

Because of the material from which 
it formed (look at meteorites) and
because Earth got really warm 
during its formation, partially melted … 
and differentiated.

The Earth’s internal structure and  composition

The mantle and crust are silicates, i.e., primarily consisting of O and Si.
But the crust silicates are lighter than the mantle silicates.
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The Earth’s internal structure and  composition

Meteorites are fragments from asteroids, i.e., small planets orbiting the Sun between
Mars and Jupiter. Their orbits get perturbed (by the gravitational pull from Jupiter) and 
enter Earth-crossing orbits. They fall on the Earth often.

Some of them are similar to the material Earth was initially made of:

ca. 1 cm

Primitive meteorite - note the metal – think about Earths core
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The Earth’s internal structure and  composition



Here is where I went when I was a student - to look for meteorites:

Satellite photo of Antarctica.
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Satellite image of blue ice fields
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Why are the meteorites there on the blue ice?
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Greenland
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We found nothing … except…..
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A dead musk-ox…
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The Blue Marble - Wikipedia

The Earth:

How did it form?
Internal structure and composition.
How old is it?
How does it work?

The climate system… a brief introduction.
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Plate tectonics

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FThe_Blue_Marble&psig=AOvVaw2mKKHSIKGwy-6GPA-HDj50&ust=1725616990958000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJi7_LDGq4gDFQAAAAAdAAAAABAR
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How old is the Earth?

All the terrestrial rocks (i.e., the crust) that we have access to are ‘destroyed’ by
melting (volcanism), erosion, recycling, deformation … all the processes that take 
place all the time in the mantle, in the crust and on the surface.

Our only source of material from when the Earth formed are primitive meteorites.
These meteorites formed at the same time and were not ‘destroyed’ by the same
processes because they were never part of a big planet, just a small (km sized)
asteroid… so they have preserved their original composition.

We have these meteorites, e.g., from Antarctica as you saw, but how can we date
them?

Answer: Radioactive elements… notably uranium (U) that decays to lead (Pb).
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How old is the Earth?

Radioactive elements… 
e.g.,  uranium (U).

238U → 206Pb (T½ = 4.5x109 years)

Radioactive
Decay 
— Isaac

Parent Daugther

If you have a rock or a mineral that, when it formed contained some 238U and no 206Pb, 
and you can measure (by mass spectrometry) the concentration of both isotopes, 
then, knowing the half-life of the parent, you can calculate the age of the rock or mineral.

The oldest components we can find in meteorites dated this way give an age of 
4.56 billion years (109). The meteorites formed in the same process as the Earth when 
the Solar System formed, as we discussed, so this is taken as the age of the Earth 
and the Solar System in general.

This is consistent with the age of the oldest rocks in the crust, which are ca. 4.4x109 years 
old. But most crustal rocks are much younger – why?             Plate tectonics….

https://www.google.com/url?sa=i&url=https%3A%2F%2Fisaacphysics.org%2Fconcepts%2Fcp_radioactive_decay&psig=AOvVaw38NqN7hv4g_1mNR2NCAc1V&ust=1725788398190000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCMjO0PXEsIgDFQAAAAAdAAAAABAE
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How old is the surface of the Earth?

So, the Earth formed 4.56 billion years ago… but why is any terrestrial rock we can
find so much younger … the answer is that everything in the Earth’s mantle and
crust is part of the plate tectonic cycle…

First of all – there are two types of crust covering  the Earth:
Continental crust and oceanic crust.

Both types of crusts are silicates, but they have lower density than the mantle
underneath and therefore float on the mantle. 

But the continental crust is the lightest and therefore floats higher, which is why 
the continents stick out of the global ocean…

The ocean covers the oceanic crust with an average depth of 4-5 km.

And the ocean covers about 70 % of the surface of the Earth.
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Less dense continental crust floats on denser mantle

How old is the surface of the Earth?

The continents generally formed early in the evolution of the Earth and are so light 
that they cannot sink back into the mantle. Their rocks are typically billions of years old.

In contrast, the oceanic crust, which is created all the time, also sinks back into the 
mantle. This is called subduction.

So continents stay on the surface and are old. 
Oceanic crust is created and destroyed all the time – and is much younger…
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How old is the surface of the Earth?

Subduction, sea-floor spreading and plate tectonics test in Thompson  Flashcards | Quizlet

Here is the principle of the plate tectonic cycle. 
Oceanic crust is formed by magma rising from the mantle at mid-ocean ridges and 
subducts under the lighter oceans. This takes place continously (keeping the surface 
area constant). The continents are being pushed around… creating continental drift.

This creates earthquakes, volcanoes and mountain chains!

Spreading rates 
are 1-10 cm / year

https://www.google.com/url?sa=i&url=https%3A%2F%2Fquizlet.com%2F776889368%2Fsubduction-sea-floor-spreading-and-plate-tectonics-test-in-thompson-flash-cards%2F&psig=AOvVaw09d5IyShCzrOHC2T1WQaEf&ust=1725792829078000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCOCu87nVsIgDFQAAAAAdAAAAABAR
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How old is the surface of the Earth?



Magma rose from the mantle, creating 
new oceanic spreading centers that 
pushed old continental plates apart.

This will of course continue into the 
future, e.g., pushing Europe/African 
and the Americas further apart.

You can search for movies showing 
the reconstructed plate motions on
e.g. Youtube…



Topography49

Plate tectonics create topography:



The Blue Marble - Wikipedia

The Earth:

How did it form?
What is it composed of?
How old is it?
How does it work?

The climate system… a brief introduction.
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Plate tectonics

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FThe_Blue_Marble&psig=AOvVaw2mKKHSIKGwy-6GPA-HDj50&ust=1725616990958000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJi7_LDGq4gDFQAAAAAdAAAAABAR


Earth system:
Interactions of the climate, plate tectonic and geodynamo systems.
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This course will focus on the 
climate system and its components.



Sun

The Sun drives 
Earth’s external 
engine

Solar energy is 
responsible
for our climate 
and weather

Earth’s internal engine is 
powered by trapped 
heat from its formation…

…and radioactivity
in its interior.

Heat radiating from Earth 

balances solar input and heat 
from interior (which is minor).

Meteors move mass from

the interplanetary space to 
Earth (this is also minor).52

The Earth is an open system:
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The Atmosphere:

Composition (mole fraction):
78 % N2 

21 % O2

The last 1 % : 
Ar, CO2, water vapor,
methane (CH4), ozone (O3

+), 
other trace gasses.

stratospheric water vapor ...

75 % of its mass is in the troposhere

1: The atmospheric density and pressure distribution. | Download 
Scientific  Diagram

https://en.wikipedia.org/wiki/File:Top_of_Atmosphere.jpg
https://www.google.com/imgres?q=troposphere%2C%20stratosphere&imgurl=https%3A%2F%2Fskepticalscience.com%2Fimages%2Fatmosphere_layers.jpg&imgrefurl=https%3A%2F%2Fskepticalscience.com%2Fwater-vapor-stratosphere-global-warming.htm&docid=0DaehJt3kzBH9M&tbnid=zl5QoXBu33cw5M&vet=12ahUKEwi3-7SKh7OIAxWbgP0HHRvpL48QM3oECBgQAA..i&w=500&h=285&hcb=2&ved=2ahUKEwi3-7SKh7OIAxWbgP0HHRvpL48QM3oECBgQAA
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FThe-atmospheric-density-and-pressure-distribution_fig1_338779501&psig=AOvVaw2vkjCJmvU1j3LUksMOPt_y&ust=1725876063715000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCJDAq8CLs4gDFQAAAAAdAAAAABAZ
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The Keeling curve
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You can find the movie here: https://svs.gsfc.nasa.gov/11861/

Earth’s biosphere – seasonal changes…



Overview of Geologic Time
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