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OCN 201 OCN 201 

Earth StructureEarth Structure

Early History of the Earth

• Rapid accretion of Earth and attendant dissipation of kinetic 
energy caused tremendous heating

• Earth possibly melted completely

• In molten state, differentiation would occur: heavy elements 
would sink and lighter elements would move outward
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Inner core:  solid Fe-Ni
Outer core:  liquid Fe-Ni
Mantle:  rocky:  Mg-Fe silicate

Crust:  rocky:  Mg-Fe-Al-Ca silicate
Oceans:  H2O with dissolved salts
Atmosphere:  N2, O2, Ar

Structure of the Earth
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Question

How do we know that the Earth consists of 
different layers?

A. By analyzing samples collected by drilling into the 
Earth’s interior

B. By passing x-rays through Earth

C. By studying the propagation of seismic waves that 
detect differences in density

D. By collecting lava from volcanoes
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Mass of Earth
• Kola Superdrill Borehole: deepest hole ever drilled 

(Kola Peninsula, Russia), reached a depth of 

12,063m (7.5 miles)  less than 1/500 of the 

radius of Earth

• Samples collected from drilled holes consisted of 

lightweight rock  

• Earth’s mass, known thanks to studies of its orbit, is 

much greater than predicted from the density of 

rocks collected at the deep drill holes  Earth 

must contain heavier materials in the interior

Two types:

• Primary waves or P 
waves: compressional
waves like those seen in a 
Slinky that is alternately 
stretched and compressed

• Secondary waves or S 
waves: side to side waves 
like those seen in a 
shaken rope

Seismic Waves
Low-frequency waves generated by earthquakes, can travel 
through the Earth’s interior
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P Waves

• Primary waves

• Compressional

• Faster than S waves

• Like a spring 
compressing and 
dilating

• Travel through solid, 
liquid or gas

S Waves

• Secondary waves

• Slower than P 
waves

• Shear

• Like undulation of string

• Do not propagate 
through a liquid

• No restoring force in 
liquid
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Seismic Waves

• P and S waves are 
generated simultaneously

• Seismic waves travel 
through Earth and are 
registered at distant 
seismographs, instruments 
that sense and record 
earthquakes 

• P waves are faster than S 
waves

How earthquakes contributed to our 
understanding of a layered Earth

Seismic waves passing through an 
homogeneous Earth would not be 
reflected or refracted  they would 
follow straight lines

In a planet that becomes gradually 
denser and more rigid with depth, 
waves would bend 

Richard Oldham was the first to identify P and S waves on a seismograph 
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How earthquakes contributed to our 
understanding of a layered Earth

• In 1906 Oldham discovered that S waves did not survive deep passage 
through Earth  indicating the presence of a dense fluid core 

• There is a shadow zone in S waves opposite to earthquakes. 

• P waves penetrate the outer core but are bent in the transit

• In 1936 Inge Lehman discovered the existence of a solid inner core

• Crust: the “skin” of Earth: 0.4% of 
Earth mass and <1% of its volume

• Oceanic: basalt, 2.9 g/cm3

• Continental: granite, 2.7 g/cm3

• Mantle: 68% of Earth mass         
83% of its volume                        
Solid Mg-Fe-silicates, 4.5 g/cm3

• Core: 32% of Earth mass            
16% of its volume

• Inner Core: solid Fe-Ni,         
16 g/cm3

• Outer Core: liquid Fe-Ni,       
12 g/cm3

Internal Structure of the Earth
(based on chemical properties)
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Question

The inner core of the Earth is made of 

A. Aluminosilicates

B. Liquid Fe and Ni

C. Mg-Fe silicates

D. Solid Fe and Ni

E. None of the above

14

Use viscosity and strength  to 
describe outer layers:

• Lithosphere: 

• lithos = rock

• 0-100 km 

• Cool and rigid outer layer

• crust + uppermost mantle

• Asthenosphere: 

• asthenes = weak

• 100-700 km

• hot, deformable, capable of 
flow

• upper mantle

• Lower mantle: 700-2900 km

• Extends to the core

Lithosphere (rigid)

Asthenosphere
(deformable, capable of flow)

Lower mantle

Upper
mantle

Internal Structure of the Earth
(based on physical properties)
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Earth’s Internal Structure: top 700 km

15

• The rigid lithosphere (crust and uppermost mantle) floats on 
top of the deformable (i.e. plastic) asthenosphere

• Why do large regions of continental crust stand high 
above sea level? Isostatic equilibrium

Oceanic Crust
• Only 6 km thick

• Made of basalt (like 
Hawaiian Islands)

• 2.9 g/cm3

Continental Crust
• 35 km thick

• Made of granite (really 
granodiorite or andesite)

• 2. 7 g/cm3

Summary: internal structure of Earth

Based on 
physical 

properties

Based on 
chemical 

composition
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Formation of Earth’s Atmosphere 
and Ocean

• Earth formed 4.6 billion years ago

• First, primordial atmosphere was probably stripped away by radiation 
from newly formed sun

• Soon after, gases trapped inside the Earth started outgassing through 
volcanic activity forming Earth’s secondary atmosphere (water, carbon 
dioxide, nitrogen)

• The gases condensed into clouds in the cooler upper atmosphere, 
eventually forming precipitation

• Initially Earth’s surface was too hot to accumulate liquid water, 
precipitation lasted millions of years

• Once Earth started to cool, rain gradually collected into oceans

• A large fraction of the water  in the ocean was probably delivered by 
wet planetesimals (and some comets) from the outer asteroid belt 

Is Earth fully outgassed today?
• Outgassing of Earth continues today

• Evidence: 3He detected in ocean, released from interior of Earth by 
volcanic processes

• Outgassing was likely faster in early Earth: heat production by 
radioactive decay was 4-5 times greater than today outgassing
would have been correspondingly faster
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Composition of Volcanic GasesComposition of Volcanic Gases

TODAY

• 80% Water vapor (H2O) 

• 10% Carbon dioxide (CO2)

• 6% Sulfur dioxide (SO2)

• 1% Hydrogen (H2)

• Trace nitrogen (N2), 
hydrochloric acid (HCl)

• Major gases are in oxidized 
form now 

• Early volcanic gases were 
likely in more reduced form:  
H2, CH4, H2S, NH3

Question

The current atmosphere is made up of 21% 
oxygen…

Where does the oxygen in the atmosphere 
come from?

A. Volcanic eruptions

B. Asteroids crushing into earth

C. Photosynthetic organisms

D. None of the above
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Eric H. De Carlo, OCN 201, Sp2010

Possible evolution of Earth’s atmosphere over geologic time

Earth’s ocean

• Life on Earth would not exist 
without the ocean
• Earth is the biggest planet 
within our solar system with a 
liquid ocean
• Oceans cover ~71% of Earth’s 
surface, but account for only 
0.02% of its mass
• Earth’s ocean contain ~ 96.5% 
of Earth’s water
• <3% of all water on Earth is 
freshwater  > 2/3 of Earth’s 
freshwater in ice caps and 
glaciers

Credit: Howard Perlman, USGS/illustraion by 
Jack Cook, WHOI
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• Rapid accretion of cold, icy, water rich 

planetesimals (allowed retention of “volatile” H2O 

after ice melted)

• Outgassing of interior of Earth brought H2O to the 

surface

• Moderate distance from the Sun  moderate 

temperature  water can be present in liquid form

Why do we have oceans?

https://www.jpl.nasa.gov/edu/learn/slideshow/ocean-worlds/

Are there other oceans in our Are there other oceans in our 
solar system?solar system?
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• ~25% of Ceres’ mass is 

made of water 

• Some of that water might 

be in a liquid form

• Scientists predict that 

Ceres has a significant 

liquid water reservoir, or 

even an ocean, far 

beneath the surface

Distance from sun: 2.8  AU

NASA/JPL-Caltech

• A subsurface salty ocean 

may exist beneath 

Europa’s icy crust 

• Possibly a dynamic 

ocean, could support life

• Tidal heating from Jupiter 

maintains this ocean liquid 

and could create lakes on 

the surface

NASA/JPL-Caltech

Distance from sun: 5.2  AU
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• Largest moon in our solar 

system, and only moon with 

its own magnetic field 

• May have a large, 

underground, saltwater 

ocean 

• Probably trapped between 

layers of ice  unlikely to 

support life

Distance from sun: 5.2  AU

NASA/JPL-Caltech

• Has a 10km deep global 

ocean under a thick layer 

of ice (30-40 km)

• Ocean venting into 

space from deep fissures 

(called “tiger stripes”) near 

the south pole

• Organic compounds, 

volatile gases, water 

vapor, carbon dioxide, 

carbon monoxide, salts 

and silica have been 

detected in plume

Distance from sun: 9.5  AU

NASA/JPL-Caltech
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• Titan has a very salty 

ocean under its outer, 

icy crust 

• Might be in contact 

with a rocky core, could  

have the chemical 

ingredients for life 

• It also has lakes and 

seas of methane and 

ethane on its surface 

Distance from sun: 9.5 AU

NASA/JPL-Caltech

Moon’s south pole

Direct evidence of ice on Moon surface 
discovered by UHM SOEST investigators!

Moon’s north pole

NASA

https://www.hawaii.edu/news/2018/08/21/water-ice-on-the-moon-discovered/


