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Possibility #1
The bright spots might be ice
● Ceres is located before the snow line.   

○ Volatiles can condense into frozen grains.
○ Planets located before 5AU (snow line) can sustain ice (figure 3).

● Comets carrying water collided with Ceres. 
○ Impact by a comet resulted in the Occator crater revealing the bright spots (figure 1).
○ Hydrogen volatiles evaporate due to vacuum but get replenished due to abundant supply of ice.
○ Water vapor is evident that is supported by the findings of Herschel Space Observatory. 

Figure 1. This image shows 
bright spots located inside 
the Occator crater 
Image credit: NASA/JPL-
Caltech/UCLA/MPS/DLR/ID
A

Figure 2. This diagram shows 
the abundant supply of water 
ice in the water ice layer and 
how it refill the evaporating 
ice through the dent located in 
the Occator crater. 

Figure 3. This diagram 
shows that Ceres is 
located between the snow 
line and the protostar 
where volatiles such as 
hydrogen can condense. 
This explains why 
hydrogen and oxygen 
could condense on Ceres. 

Possibility #2
The  bright spots are not pure ice.
● Reflectance spectra of ice is 1.0 and reflectance spectra of bright spots is 0.4 (figure 5)

○ Reflectance of dirty glaciers is 0.15 that brings up a possibility that volatiles are mixed with rocks or dirt which results in not pure ice 
(figure 4).

○ Bright spots look pure white from space but might be mixed with rocks once observed from a closer distance.
○ Closer observations need to be made or ground data collected. 

Figure 5. This graph 
shows reflectance 
spectra for ice in its 
different forms. This 
figure can be used to 
identify the 
reflectance spectra for 
pure snow that is 1.0 
and how it reflectance 
spectra changes a as 
it ages through time 
and gets 
contaminated with 
dirt/rocks. 
Image credit: Hall et 
al., 1985

Figure 4. This diagram 
shows the comparison in 
reflectance spectra 
between ice and the the 
bright spots.  The 
information used to create 
this graph was taken from 
Now Appearing At a 
Dwarf Planet Near You: 
NASA's Dawn Mission to 
the Asteroid Belt. 
By this graph, one can tell 
that the bright spots differ 
greatly from ice just by 
reflectance spectra. The 
reflectance for ice is 1.0 
and the reflectance for the 
bright spots on Ceres is 
0.4. 

Possibility #3
The bright spots might be a volcanic activity or geyser: 
● Heat might be provided by the sun.
● Water vapor is evident when Ceres is closest to Sun on it’s orbit and water vapor is happening on Ceres in two darkest 

regions because dark material can hold more heat.
○ Water vapor is present on the sunny side 
○ The temperatures during the day go up to 235 Kelvin. 
○ With the discovery of OH, Water vapor was theorized to be present by the Herschel Space Observatory.
○ Water vapor will be present if there is a source such as volcanic activity or geyser.
○ With water vapor, atmosphere can exist trapping more heat. 

● Heat might be provided from the interior of Ceres. 
○ If heat is provided independently by Ceres, volcanic activity and geysers can occur. 

● Solar radiation evaporates the ice before it reaches the surface.
● Hypothesis can be checked by angling the camera in a way that the white spots are located on the horizon and the sun is 

located right in the back of it (figure 7).
○ Heat waves will be present if the hypothesis is true (figure 7).

Figure 6. This diagram on the left shows the angle 
and position at which the spacecraft has to be to test 
the hypothesis. The diagram on the right shows how 
the spacecraft is usually positioned orbiting Ceres. 

Figure 7. This diagram shows how what 
the images would come out like if the 
spacecraft is positioned correctly and 
the hypothesis comes out to be true. 

Possibility #4
The bright spots might not be volcanic activity or geysers:
● Source of heat is needed in order for geysers and volcanic activity to occur.

○ Two ways are possible
■ Radioactive decay. Radioactive decay on Earth only supplies half of the heat for Earth. Since Ceres is 13.5 times smaller than 

Earth, it won’t be needing as much radionuclides to produce its heat.  
■ Friction: by two planets on opposite side spaced out linearly (figure 8) such as Mars and Jupiter in this case. 

● Ceres is located 1.14 AU from Mars and 2.66 AU from Jupiter. The distance is too great for the bodies to exchange 
momentum. The bodies need to be as close as Earth and the Moon to influence each other in any way. 

● Earth is 0.69 AU away from Venus and 0.38 AU away from Mars and the bodies still have no influence over each others heat. 
This distance is greater than the one Ceres has to it’s closest planetary bodies therefore Jupiter and Mars can’t cause friction 
inside Ceres. 

● There is no trace of radionuclides being produced on Ceres (table 1) and Ceres is not located close enough to other planetary bodies, 
which makes Ceres unlikely to be able to produce it’s own heat.

Figure 8. This diagram shows 
one of the ways Ceres could’ve 
had heat by being positioned 
between two planetary objects. 
This position would have caused 
Ceres to be pulled by the two 
planets in two different directions 
and therefore cause friction that 
would produce heat.

Known elements present on Ceres today.  

● Iron rich clay minerals (cronstedtite)
● Carbonate minerals (dolomite and siderite)
● Magnesium sulfate hexahydrite
● Ammonia-rich clays
● Sodium silicate

Table 1. This table shows the list of elements that are known to be 
present on Ceres today. This list does not include radionuclides - 
one of the two factors that could have provided heat for Ceres.

Possibility #5
The bright spots might be minerals and salts: 
● Ceres is composed mainly of silicates. 

○ There are four possibilities of what could be silicates: Na, Fe, Mg and Ca
● The Solar Institute in Germany hypothesized that the bright spots are a type of magnesium sulfate called hexahydrite (table 

1). 
○ There's a suggestion that these salt rich areas were actually left behind after water-ice converted in the past and asteroid 

with its collision would have undug the mixture of ice and salt. 
● To verify this possibility, a framing camera (figure 9) can be used to identify the composition of the bright spots. 
● The possibility can be tested spectroscopically or ground data.

Figure 9. This diagram shows how 
the framing camera works. Framing 
camera provides information on 
Ceres’ surface through Ceres’ 
reflectance spectra characteristics 
that is directly influenced by the sun 
because the light helps determine 
the reflectance spectra. 
Image source: NASA.gov

                            Introduction
Ceres is the biggest asteroid in the asteroid belt that was declared to be a protoplane. Ceres is more similar to terrestrial planets than other asteroids in the asteroids belt due to its rocky core, icy mantle and a thin crust. When the Dawn mission spacecraft was sent to study Ceres in 
spring 2015, a new shocking discovery was made - the bright spots. Everyone was surprised to see this strange feature because this discovery was not expected. Ceres’ bright spots are unique and extraordinary and now more studies will be done to figure out what the bright spots 
actually are. There are however some possibilities of what the bright spots might be, based on observations, data collected, and previous studies. This long term research project was guided by the question, What are the bright spots on Ceres? 

   Methods

Conclusion 
With the explorations made by the Dawn mission, it is still unknown what the bright spots on Ceres are. It is important to knowing what the 
bright spots are because it might be the missing piece to the puzzle that might help us understand the formation of our solar system better. 
The bright spots cannot be pure ice because the bright spots and ice reflectance spectra do not align. It cannot be geysers or volcanic 
activity because Ceres’ only source of heat seems to be the sun and this provides heat only when Ceres is located  closest to the sun. This 
means there is no continuous flow of the water vapor. The bright spots are most likely to be minerals and salts.Ceres is known to consist 
majority of silicates, therefore there is a high chance the bright spots might be that the magnesium sulfate 
hexahydrite was undug in result of a collision. To further confirm if this hypothesis is valid, closer observations using better technologies 
should be made, or ground data collected. 

● Used secondary data predominantly, such as interpreted topographic maps, information on composition.
● Identified various apparatuses used for studying Ceres. 
● Examined already existing images and data of Ceres from NASA’s website.
● Compared and contrasted information on various asteroids and meteorites with data on Ceres.
● Distinguished between other large bodies in our Solar System and Ceres. 

● Studied the geography of the Solar System and the location of Ceres. 
● Researched the distribution of volatiles and various elements in our Solar System. 
● Interpreted information on reflectance and albedo and created syntheses and analyses of data.
● Created diagrams, graphs, and tables using data from various secondary and credible sources.
● Data and diagrams are used to support various hypotheses shown in the results that follows.
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