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The Nature and Origin of Boulder Piles in the Eastern Mare Serenitatis Region
Seacrest Moon Crew 
Seacrest School, Naples, FL

Introduction

The Research Problem

Method
Comparing LROC image pairs from Mare Serenitatis (MS) with Taurus-Littrow (T-L) 
Highlands

Boulders on the Moon
Where do isolated boulders come from and how do they 
get there?

The Sizing of Boulders
How big are they?

Mass of Boulders
Mass  = density x volume.  An average density of moon surface materials is 
approximately 2500kg/m3.   A large sized boulder of  25m x 10 m x 5 m has a volume 
of  1250 m3.  Its mass would be 3,125,000 kg.   The largest boulder we observed was 
about twice this mass, nearly 6 million kg. 

Results 

Energy of Falling Boulders on the Moon

Kinetic Energy = ½ mv2, the amount of energy released by  the collision of a moving 
object.   Falling ejecta comes in all shapes, sizes,  and masses in molten and solid
states.  Our main question is about huge impacting boulders. We included several 
examples below:
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Boulders must come from somewhere? Why don’t they leave impact marks? 

Map 1: Distribution of LROC NAC images. Squares: MS.  Circles: T-L Highlands

This  25 meter long boulder has an approximate mass of 3 million kg.  It left a very clear path
of its motion.  Why do falling boulders not leave such markings?

The study area includes  the eastern Mare Serenitatis plains and the rough and
ancient highlands of Taurus Littrow as far north as Le Monnier  and Romer craters. 
The choice of this area was made to include diversity of lunar features, ages of landscapes,
and the Apollo 17 landing site in the Taurus Littrow Valley.    We hypothesized that an
examination of the LROC NAC images of this area might reveal some important detail
about its history and formation.

Eastern Mare Serenitatis and Taurus Littrow highlands. Area covers lower
2/3 of image. About 400km E to W; about 400 km N to S.  

Numerous piles and individual boulders were observed on LROC NAC images around the Taurus-
Littrow  highlands. The piles range in size from crushed rock to giant building sized boulders. Many
of these piles are not connected to the bed rock and are not part of buried craters. They appear to
rest on the surface with no apparent impact markings. How did they get there?

Isolated boulders are identified as separated large rocks  visible on LROC NAC images . The
largest single boulder measured 50 meters across.  The boulders of interest were not part of
crater rims, rille or ridge systems, but are isolated objects or groups of objects resting on the
surface of the moon. Close examination of all the candidate boulder piles reveals no markings,
indentations, or signs of landings even though objects of their mass (up to 106 kg) and traveling
at 100s of meters/sec should leave some indication of landing, rolling or smashing apart.

The boulders must be ejecta debris.  Why didn’t they make impact marks on the surface? 
Can we explain their location and appearance?  Can we determine the processes and history
of that lunar surface?  

20 student observers examined 40 pairs of LROC NAC images; each observer studied a pair
from MS and one from the TL highlands looking for boulder piles, craters with boulders, 

volcanic features, and evidence of rolling boulders.  The approximate locations of the  LROC
images are plotted on Map 1.  Selection of image strips was based on their proximity to the
T-L highlands (for MS) and the availability of the images from both areas.

DISTANCE EJECTA 
TRAVELS

LANDING VELOCITY
(45o impact)

KINETIC ENERGY (Joules) 
(for a 105 kg object)

1,000 meters 40m/s ~ 108

20,000 meters 180m/s ~ 109

100,000 meters 400m/s ~ 1010

On the lunar surface, loose boulders must originate as ejecta from nearby and distant craters; yet 
these flying objects show no signs of having landed, bounced, or smashed into the ground.

We modeled an approximate ejecta boulder:
10 meter3 in volume,  a density of 2500kg/m3 (an approximate lunar rock density (Kiefer 2012, 
LPI)) and a consequent mass of  2.5 x 106 kg.   If our “approximate” large boulder were to have 
been ejected from 100 km distant at a 45 degree angle, it would land at  about 400 m/sec.    Any 
boulder of this mass falling any distance in lunar free-fall would unleash a substantial amount of 
energy.  Some damage should be evident.  Even the reduced gravitational acceleration on the 
moon could not reduce the impacts of these falling objects.  Yet our numerous observations show 
boulders positioned with no surrounding marks.  Some other explanation must account for their 
appearance. 

Since there is no evidence of ground damage, we conclude that it is concealed or covered 
by other, later deposits of fine ejecta material which may have consolidated over time. 

Finding: Our study shows evidence of a blanket of originally 
loose ejecta material that has covered the entire T-L highlands
concealing the undersides and immediate surroundings of individual 
boulders and their piles.  Since its deposition this material must have 
consolidated as was observed at the Apollo 17 landing site. 

Figure 1 Large boulders showing a veneer of material covering their surfaces.  This is observed
on and around boulder piles in the T-L Highlands, although many boulders show no signs of
the veneer or blanketing.  

Finding:  Isolated boulder piles are uncommon in the eastern portion of 
Mare Serenitatis. The material we have observed in the T-L highlands is 
sometimes found on the surface of boulders and covers the ground showing that 
it must have arrived after the boulders.  We suggest the boulders and debris may 
only be on the T-L highlands and not Mare Serenitatis itself because the ejecta 
originated in the Imbrium impact and is older than Serenitatis itself. The later 
Serenitatis impact obliterated anything in its area as well as adding more material 
debris to the T-L highlands. 

Further study planned by the Seacrest Moon Crew:
Examine or re-examine images to look for  impact markings and better evidence for 
the blanketing effect
Check Clementine or similar spectroscopic data for these areas to learn about the 
nature of ejecta materials on the surface.
Review the Apollo 17 data to learn about the lunar soils in the T-L area

Step 1: Download .tiff image and open in Irfanview
Step 2: Use Paint measuring tool to count pixels
Step 3: Multiply Pixels by Resolution (given on each image 
on LROC info)
Step 4: Mark scale on image so you don’t lose scale!

One of the major problems  was 
finding the size of objects we 
could see on the lunar surface.  
We originally believed that each 
image was 0.5m/pixel. Later  we 
discovered this was the ideal 
size, but each image varies from 
about 0.4m/pixel to 0.9m/pixel.  
Using this fact we tried  using 
different software to measure 
the images.  The best program 
we found is Irfanview.  Its 
measuring tool allowed us to 
count pixels and determine the 
size of objects and images.  
Because there is no set scale on 
each LROC image, sizing still 
remains a challenge.

Each collision releases different and great amounts of energy and should cause a lot of 
damage to the lunar surface, damage we do not observe. (108 J is approximately 100 sticks 
of dynamite.)

Two images showing light debris
Covering individual boulders


