
“Education is one of the great joys and 
solaces of life. It gives us a framework for 
understanding the world around us and a 
way to reach across time and space to touch 
the thoughts and feelings of others.“

Kent Nerburn Simple Truths 1996



What’s in the news can depend on the source.
So reader beware.



Why everyone should be interested 
in global ecology

The human influence on the global environment is 
changing our understanding of “nature”. 

Our world is changing and is fundamentally different 
than the one we were born in to. 

Our lives and livelihoods are threatened by actions 
that undermine the well being of our natural support 
systems.

Understanding global ecology is needed to assess & 
minimize our current and future impacts on natural 
support systems.

Ecological changes in the next 10 years will determine 
the type of world you and your children will live in.

Past ecological changes provide a context for current 
changes.  

We won’t know what to do, if we don’t 
understand what’s going on
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The End of Nature
“… any clear dichotomy between 
pristine ecosystems and human-

altered areas that may have existed in 
the past has vanished …”

Peter Vitousek 1994

Bill McKibben
The New Yorker
Sept. 11, 1989



Welcome to planet Eaarth!



“The health of an economy cannot be 
separated from that of its natural 

support systems.”
Lester R. Brown 2006 Plan B 2.0



Elvidge et al. 1997

I = P*A*T



The next 10 years or so will determine the type 
of world you and your children will live in.
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Our Capacity to Change the Earth 
Means We Must Manage it Wisely

Paraphrased from 
Peter Vitousek
Time Magazine
August 20, 2001

Two Main Themes of the Course

“The Anthropocene”

99.99% of Earth’s history

We won’t know what to do, if we don’t understand what’s going on.



Mean density of Earth  ~ 5.5 g/cm3

Kump et al. 2004

4.4 g/cm3



Ahrens 1994

Accretion
4.6-4.5 BYBP

Bombardment
4.5-3.8 BYBP

Dust -> Planetesimals
Planetesimals -> Planetary Embryos 
(~ 1-10 % Mass of Earth)

Planetary Embryos -> Planets

Standard Model of Planet Formation

Protoplanetary 
Disk

Protostar

Planetesimals

Planetary 
Embryo

Planets



Brief History of our Solar System

Supernova – stellar explosion

Pre-solar Nebular – slowly spinning cloud of gas & micron-sized condensates
(i.e., star dust)

Encounter velocities ca. miles/hr to thousands of miles/hr

Dust => Particles => Gravels => Small Balls => Big Balls => Planetesimals

Non-gravitational cohesion (i.e., sticking) & gravitational instabilities form 
planetesimals (rocky bodies 1-10 km in diameter)

If planetesimals had similar composition, then planets formed by 
homogeneous accretion.  If composition differed, then planet formed by
heterogeneous accretion.

In computer models, when diameter > ca. 1 km, then increased gravitational
attraction results in collisions of planetesimals.

With the largest planetesimals growing the fastest.

Planetesimals swept up within zones defining present-day orbits and 
continues accretion leads to moon-sized bodies (radius ~ 1,700 km) called
planetary embryos.

Once lunar size, gravitational attractions result in inter-orbital collisions
(crossing orbits)

As Earth grew it probably experienced impacts from:

Hundreds of bodies with a radius of 10 km
Tens of bodies with a radius of 100 km
Several bodies  with radius of 1,000 km

For perspective: The K-T (Cretaceous-Tertiary) impact had radius of ~ 5 km
(Earth’s radius is ~ 6,000 km) => extinction of ~75% of all species



~4,474 mph



The Density Structure of the Lithosphere
Appears to be Due to 
“Planetary Smelting”



Beta Pictoris and its emerging solar system 

The circumstellar disk shows (in false colors) the 
light reflected by dust around the young star



Mean density of Earth  ~ 5.5 g/cm3

Schlesinger 1997

Kump et al. 2004

Kump et al. 2004

Whole Earth Crust Only

4.4 g/cm3



Core
• Composition

–Iron
–Nickel (~6 %)

•Inner solid core
•Outer liquid core

–Convective mixing
Convection in outer core creates   

the Earth’s magnetic field



Mantle

Mafic in composition
Pyroxene (Mg, FeSiO3)
Olivine (Mg2, Fe2SiO4)



Two types of crust

Never subducted
Less dense
Older on average

(e.g. Ca Al2 Si2 O8) (e.g. Mg, Fe Si O3)

Can be > 2 BYBP

< ~ 200 MYBP



When the lithosphere form?

Cathodoluminescence and back-scattered electron images 
of zircon crystal W74/2-36.

With portions dated at 4.404 billion years.

Wilde S.A., Valley J.W., Peck W.H. and Graham C.M. (2001). "Evidence from detrital zircons for the existence of continental crust and 
oceans on the Earth 4.4 Gyr ago". Nature 409 (6817): 175–8. doi:10.1038/35051550. PMID 11196637.



Ehrlich et al. 1977

Kump et al. 2004



The world distribution of earthquakes.  Earthquakes cluster along 
subduction and collision margins.



Push

~ 3.3 g/cm 3Change to 
eclogite with 
density up to 
3.75 g/cm3

Dry
Mafic

~ 3.0 g/cm3

https://upload.wikimedia.org/wikipedia/commons/c/c0/Mid-ocean_ridge_topography.gif

https://upload.wikimedia.org/wikipedia/commons/c/c0/Mid-ocean_ridge_topography.gif




Press and Siever 1986



Have you ever noticed that the 
shape of eastern S. America could 

fit into the shape of western Africa?

Alfred Wegner did along with the correspondence 
of geological features, and fossils



Solomon 1996

We now know that ~ 250 MYBP 
they did fit together to form Pangea



Nance et al 1988

Oceanic Crust Oceanic Crust

Continental Crust

Passive 
MarginActive 

Margin



Rift Valley Formation 



Rift Valleys of East Africa 



Kump et al. 2004

Murphy & Nance 2004

Introversion
“Accordian”

Extroversion

Extroversion

TDM >= TR

TDM <= TR









Ruddimann and Kutzbach 1991

Berner and Lasaga 1989



The silicate weathering CO2 thermostat
Regulates atmospheric CO2 and climate on geologic time scales.

Only works for silicate rocks! 
Doesn’t work for limestone.

Urey Reaction

Volcanic EmissionsB

C

E

Plate tectonics

Temperature, moisture, & CO2 sensitive

Rate of tectonic activity (mtn. uplift & volcanic degassing) controls the set-point of the 
“thermostat” creating hot-house or ice age conditions

Igneous Rock Sedimentary Rock



Emiliani 1995

Valentine and Moore 1970
Adapted by Cockell et al. 2007

Diversity of benthic shelf-dwelling invertebrates

Protection from solar wind.


