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Introduction: Unlike Pluto and Eris, the vast ma-

jority of Trans-Neptunian objects (TNOs) are too small 

and hot to retain volatile ices such as CH4, N2, and CO 

on their surfaces to the present day. As a result, their 

infrared spectra are either dominated by involatile wa-

ter ice or dark featureless material.  To understand the 

dichotomy between volatile rich and volatile free sur-

faces in the outer solar system, we constructed a sim-

ple model of atmospheric escape of volatile ices over 

the age of the solar system [1]. A prediction of this 

model is that (50000) Quaoar, an object about half the 

size of Pluto but with a perihelion ~12 AU further 

from the sun, should be just capable of retaining its 

volatile ices to the present day. 
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Figure 1: Volatile loss in the outer solar system as 

a function of object temperature and diameter [1].  The 

lines correspond to the temperature and diameter at 

which an object will have lost all of its initial CH4, N2 

and CO after 4.5 billion years.  Volatiles have only 

been detected on objects on the right side of this phase 

space.  Note that decreasing the assumed initial volatile 

abundances by an order of magnitude does not appre-

ciably change the positions of the lines (see arrows) as 

they are controlled mainly by the vapor pressures of 

the compounds. However, recent laboratory measure-

ments revealing high surface binding energies of vola-

tile ices on water ice [3,4] may shift the positions of 

these lines in the opposite directions of the arrows, 

potentially expanding the number of objects on which 

surface volatiles could presently exist.  Further labora-

tory work on the behavior of volatile ices on water ice 

surfaces will enhance the predictive capabilities of this 

model. 

Results and Discussion: We observed Quaoar 

with NIRSPEC on the Keck II telescope in April 2007.  

We found that its infrared spectrum shows distinct 

absorption features of crystalline water ice, solid meth-

ane, and possibly ethane and other higher order hydro-

carbons [2].  The detection of methane on Quaoar 

means that it is only the fifth TNO on which volatile 

ices have been detected. The small amount of methane 

on an otherwise water ice dominated surface suggests 

that Quaoar is a transition object between the dominant 

volatile-poor small TNOs and the few volatile-rich 

large TNOs such as Pluto and Eris [2].    

The 1.65-micron crystalline water ice feature is 

present in the spectrum of Quaoar and on every other 

TNO with sufficient signal-to-noise on which water ice 

has been detected [5]. Recent laboratory experiments 

[6] have shown that thermal recrystallization may 

dominate over amorphization due to irradiation at 50K 

thereby allowing crystalline water ice to survive longer 

than previously assumed.  Laboratory experiments are 

now indicating that recent cryovolcanism is not likely 

to be required to explain the presence of crystalline 

water ice on the surfaces of outer solar system bodies. 

The spectrum of Quaoar is consistent with that of a 

cold, geologically dead object slowly losing the last of 

its primordial volatiles by thermal escape [2]. 
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