
Three Stages: 

1. Contact & Compression 

2. Excavation 

3. Modification 

 The 
Cratering 
Process



Eclogite - formed at 
the high pressures 
found ~100 km deep 

Small impact happen much more often than large ones

 Impact Frequency

60kT



Impactor Populations



Estimate the Power of the 
Ground to stop a Meteoroid!
How much material must the meteoroid interact with to slow 
by 50%?  

From Physics:  
Momentum = (mass) (velocity) is conserved.  
So velocity will be halved when mass is doubled. 

Now assume that all ground in front of the impactor is 
plastered onto its surface.  

So the impactor will penetrate into the ground by roughly its 
own diameter. Observed: A few diameters. 



Estimate the Power of Air 
to stop a Meteoroid!

Assume that all air in front of the impactor is plastered onto 
its surface! 

Air is 1/1000 as dense as water and is ~10km thick 

So the impactor will penetrate into the ground by roughly 
1000 diameters. 10m will make it through the atmosphere. 

Observed: Must be ~50-100 m to make it through 



 Big Impact Craters on Earth



 Very Small 
Craters 

on Earth

Is your insurance  
up to date?

At what speed was 
this impact?



 Craters  
on  

Earth

Aorounga, Chad: 10km, <350Myr

Gosses Bluff, Australia:  
22km, 142.5Myr 

Manicouagan, Canada:  
100km, 214Myr

Gwen Fada, Chad:  
14km, <350Myr



Clearwater Lakes, Canada 
26km, 290Myr

Ries, Germany 
24km, 15Myr

Space Shuttle!



Mistastin Lake, Canada: 
28km, 38Myr

Ouarkziz, Algeria: 4km, <70Myr 

Ramgarh, India: 5.5km, unknown

Deep Bay, Canada 
5km, 100 +/- 50 Myr



Roter Kamm, Namibia:  
2.5km, 3.7Myr

Wolf Creek, Australia: 850m, 0.3Myr Goat Paddock, Australia: 5km, <55Myr 

Meteor Crater, Arizona: 1.2km, 49,000 yr



Mars, multiple strikes: 78km x 25km

 Craters  
on  

Mars
Victoria Crater, Mars: 750m

Viking Image, Mars 
southern hemisphere 



Mars: Hellas Basin



Circular features in huge multi-ringed 
basins are caused by an impactor that 
penetrates the lithosphere and sets up 
currents in the mantle.

Massive                 Impactors
Ganymede



  How a Volcano, 
Geyser, or lava 
fountain Works  



  Volcanos on Venus



  Volcanos on Venus



  Moon and Mercury

Mare are 3.8-3.2 Gyr old



  Continental 
Flood Basalt 

Province  



  What is Happening 
on Io?



Some features are 
similar to Earth 
weather patterns

Giant Planet  
Atmospheres

Uranus Neptune

Jupiter
Saturn



Wind  
Speeds Saturn

Jupiter

Uranus
Neptune



Wind  
Speeds Saturn

Jupiter

Uranus
Neptune

From tracking 
cloud features.  

Interesting patterns.  

Link to Hadley  
cells for Jupiter. 

No clear 
explanation for  
differences.



Galileo Probe: 1995
Entry speed: 
135,000 mph



Results from Galileo Probe



Between Jupiter’s Clouds



Jupiter Composition



Galileo 
Probe’s 
Descent



How do we know about 
Giant Planet Interiors?

1. Average Density hints at composition



2. Magnetic Fields





Planetary Interiors





Why is the 
Ordinary H and 
He layer thinner 
on Jupiter?



Molecular Hydrogen



Solid

Liquid
Metallic Substances



Deep Interiors


