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Comets may have been a major source of volatile elements and organic material on the early 
Earth. Because the terrestrial planets formed primarily from planetesimals originating within the 
inner, hotter regions of the solar nebula, they are low in volatile elements. Several workers have 
recently suggested that a considerable amount of water could have been accreted by the early 
Earth in the h a l  stages of formation due to the interception of comets scattered from the vicinity 
of Neptune and Uranus (Chyba, 1987; Ip and Fernandez, 1988). An ocean of water could have 
been accreted between 4.5 and 3.8 Gyr ago if comets comprised more than 10% of the mass of the 
impacting population (Chyba, 1987). For the N2/H20 ratios observed in comets, this input could 
also account for the complete inventory of atmospheric nitrogen. Since the comets are also rich in 
organic matter (see, e.g., Clark et d., 1987; Kissel and Krueger, 1987) an influx of this amount 
of water represents an potentially enormous influx of organic material. This cometary organic 
material could have played a role in the origin of life on Earth, as first suggested by Orb (1961). 

However, i t  is doubtful that organic material within a cometary body impacting the Earth 
could survive. The typical impact velocities are of the order of 20 km s-l. The energy per unit mass 
contained in this kinetic energy is enough to completely pyrolize organic material. Even encounters 
with zero orbital velocity relative to the Earth would impact with the fall velocity of 11 km s-l, 
equivalent to a specific energy of over 10 kcal g-l. 

One possible way in which organic material can be supplied by comets would be as the result 
of shock re-synthesis of organic material in the reducing mixture that results from the destruction of 
the initial cometary organics. The elemental composition of comets (Delsemme, 1988) suggests that 
the composition of the shock in regions without significant entrainment of ambient air would have 
been reducing (O<H2). High-temperature shock synthesis of complex organic molecules, including 
solid polymeric material, is well documented for a reducing atmosphere (see, e.g., McKay et d., 
1988). 

In this paper we compute the equilibrium composition of the cometary volatiles as a function 
of temperature based upon the elemental ratios given in Delsemrne (1988). (10% of the 0 2  is 
removed to account for oxides in the rock fraction of the cometary material, see, e.g., Simonelli 
et d., 1989). The methods used are described in McKay et d., (1988). The results for some of the 
important species are shown in Figure 1. At typical ufreeze-outn temperatures (2000 - 3000 K) 
both C and H are in the reduced form (CO > C02; Hz >HzO) and we would therefore expect that 
shock chemistry could produce organics compounds. However, it has been shown that freezeout 
models of shock-synthesis of organic molecules do not accurately predict the yields obtained (see, 
e.g., McKay et  d., 1988). We have conducted laboratory simulations of the entry shock using the 
pulse of a high energy 1-r as described in McKay et  al. (1988). Our preliminary results indicate 
that organic molecules would have been produced in the high temperature shocks during cometary 
entry into the early atmosphere. 
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F i  1. Thermodynamic equilibrium mixture of cometary volatiles. Cometary elemental ratios are 
taken from Delsemme (1988), except that 10% of the Oz has been removed to  account for oxides in the rock 
fraction of the-comet. Ratios normalised to Si are: H29.7, C:8.4, N:1.4, 0:16.6, S:0.6. 
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