


Moon Formation 
• Capture Hypothesis 

• Many Hypothesis  

• Fission Hypothesis 

• Double Impact Hypothesis 

• Giant Impact Hypothesis 

 



Capture Hypothesis 
• Earth seized a pre-formed moon 

• Disproved when lunar samples showed that the moon and the Earth have similar 
quantities of oxygen isotopes. This concluded that the Earth and the Moon are related. 



Fission Hypothesis 
• First proposed by George Darwin 

• Proposes that the Earth was at one time spinning extremely fast 

• While spinning, it bulged so much that a small blob spun off and became the Moon 

• This hypothesis supports the belief that the Moon must be less dense than the Earth 

• Scientists found that the Moon would have to have the same composition as the Earth’s 
crust and mantle for this hypothesis to be viable 

• After scientists discovered that the Moon has a very diverse composition, this hypothesis 
was dismissed 



Double Impact Hypothesis 
• Says that the moon and the Earth formed concurrently from a cloud of gas and dust 

• Doubted because it couldn’t explain why the moon has such a small metallic core 
compared to Earth 

• Although it explains the similarity in oxygen isotopes, it does not explain the differences in 
volatiles and refractories 

• This hypothesis also runs into the angular momentum problem because it doesn’t give a 
reason as to how the Earth’s formation came to be. 

 



Giant Impact Hypothesis  
• The leading hypothesis for scientists today 

• Says that a large projectile collided with the Earth and ejected the material that would 
form the Moon 

• First suggested in 1946 by Reginald A. Daly and was mostly ignored until William K. 
Hartmann and Donald R. Davis proposed the idea again in 1975 

• Provides the answer to the Moon’s density. It says that the core of the projectile stuck to 
the Earth and the Moon formed from the delicate parts of both objects 

• Says that the Moon is dry because of the extreme amount of heat that occurred during the 
collision 

• Says that the Moon and the Earth have similar oxygen isotopes because the impact and 
the Earth formed in the same region in the solar system 

• Most importantly, it explains the angular momentum system 

 



Giant Impact Hypothesis cont. 
• The projectile must have struck the Earth off center, causing the Earth’s rotation to speed 

up to its current value 

• This hypothesis is very probable because collisions like this are a natural, and common 
occurrence in the formation of Planets 



Lunar Evolution 
• 4.5 billion years ago- debris from a collision with the Earth formed together in a sphere-

like mass and over time cooled to create a crust with lava held within the early moon 

• 4.3 billion years ago- a large impact hits the south pole and creates the Aitken Basin 

• 4.1-3.8 billion years ago-- heavy bombardment of the moons surface creates basins 

• 3.8-1.0 billion years ago-- mare volcanism: underground lava bleed out from the impact 
craters and filled in an ocean of lava that would later become the Maria 

•            -intermediate cratering followed 

• 1.0 billion years ago to today- formation of ray craters from more impacts 

• The maria is observed as a darker color than the rest of the surface due to the high 
concentration of iron in the basalt that remained after the lava cooled 

• Last volcanic eruption is estimated to have occurred about 33 million years ago 

 



Lunar Exploration and Surface Characterization 
Types of data each mission collected 

• Ranger missions: Wide-range series of photographs showing the general landscape of the 
entire lunar surface when shown in sequence. 

• Lunar Orbiter: Took photos of the Moon’s equator and the near side, including the polar 
regions 

• Apollo: Panoramic and close-up shots were taken. Shows the terrain extremely well and 
are excellent quality photographs. 

• Clementine: Only two full-surface photographs of the Moon. Originally for mineralogy, but 
also mapped the entire surface of the Moon at different wavelengths. 

• Lunar Prospector: Mainly used for lunar crust and atmosphere data collection 

• LROC: Very detailed surface exploration and pictures of various craters, evidence of 
volcanism, and different elevations 



Drawbacks of Data Collection 
• Resolution- Ranger and Clementine’s photos had very poor resolution compared to Apollo 

and LROC’s photos 

• Angle- Every angle is important in providing information. Angles are specific to what is 
needed to be researched 

• Accessibility- Lunar Prospector’s photographs were difficult to find 



Most Appropriate Data Sets to Use 
• Ranger, Apollo and Clementine all provided the larges spanned photographs 

• Apollo’s images has the highest resolution with the largest range 



Data Sets for Detailed Characterization of the Floor 
of a Crater 
• LROC was the only data set with details on elevations of craters. LROC explored the 

elevations of the lunar surface and really showed differences in craters compared to high 
spots and valleys 

• Lunar Prospector took wider ranged photos of craters, but you would not be able  to learn 
about the crater floor with it’s photographs 



Lunar Surface Images 
 

 Image 1 
First accounts  of craters trace 
back 3.9 billion years ago.   
 
Formed as a large object 
impacts the moon. From there it 
takes three phases. First phase 
is the compression phase. 
Energy from the impactor goes 
to the impacted causing them to 
move as one. When the energy 
can no longer be given, the 
impactor explodes upward and 
outward 



The second phase is the excavation 
phase. The crater is now formed by 
the outgoing shock wave. This 
causes the surface to curve upward. 
Material gets thrown over the rim of 
the creator. It only takes a few 
minutes for a 10 kilometer impactor.  
 
The third phase is the modification 
phase. Materials rebound off of the 
crater floor, collapse of the rim, a 
central peak, and a flat floor of melt 
and fragmental debris. This takes 
nearly as long as the excavation 
phase. 



Image 2 

The time frame for this event is about 3.8 billion 
years ago. 

This is the resultant when lava withdraws into a 
vent or basin 



Image 3 

May have occurred about 4.1-3.9 billion 
years ago 

This most likely occurred when the moon 
was bombarded and an impact crater caused 
the tectonic plates to shift. 







SOURCES 
• http://www.lpi.usra.edu/resources/lunarorbiter/images/preview/2213_med.jpg 

• http://www.lpi.usra.edu/lunar/lunar_flyovers/ 

• http://www.lpi.usra.edu/resources/ranger/catalog/9/A/ 
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