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Life on Earth could have originated by chemical evolution when the time interval between 
impacts capable of stopping the process of chemical evolution exceeded the time required to 
originate life (1). Maher and Stevenson (1) assteaed chemical evolution required 1 6  to 107 
years and calculated the earliest time that life could have formed uninterrupted by devastating 
impact events on Earth. Oberbeck and Fogleman (2) modified the approach used in (1) and 
calculated the maximum time requid  for life to originate and evolve to the level of complexity 
represented by the oldest microfossils (stromatolites) on Earth. In the present article we extend 
these results in order to assess the likelihood for origination and early evolution of life on Mars 
during the period when liquid water was present. 

It is difficult to determine the exact level of impact damage required to stop the process of 
origination and early evolution of life on a planet, but events that would produce impact basins 
856 krn in diameter-on Earth (corresponding to an event with energy of 2x 1034 ergs) have been 
considered sufficient to sterilize the Earth (1). An event with 10 times this energy has also been 
used to determine a more conservative lower limit on the energy of the impact (and size of the 
resulting basin) necessary to stop origination and early evolution of life on Earth (2). Impacts 
that could sterilize the planet (called a type A event below) create basins on Earth between 850 
and 1610 krn in diameter, and impacts with energy equal to or larger than 10 times this level 
(called type B events) create basins on Earth that are 1610 to 2600 km in diameter. In this study 
we evaluate the possibility of life on early Mars using Martian analogs of these impact events. 
Consideration of these two types of events permits a demonstration of the reasoning involved in 
evaluating the prospects for life on early Mars. However, prospects for life on Mars may be re- 
evaluated by using whatever level of impact damage is considered necessary to stop the process 
of origination and early evolution of life. 

The first step in considering the prospects for life on early Mars is to obtain an estimate of 
the time required for life to originate and evolve to the microfossil level of complexity. We 
calculate the upper limit for the time required on Earth and assume that the time required on Mars 
is the same as the time required on Earth. Using the technique described in the previous paper 
(2), we used the existence of 3.5 billion year old terrestrial mimfossils (3) to estimate the 
maximum time needed for chemical and early biotic evolution on Earth. If it is assumed that the 
cratering rate on primordial Earth was three times the cratering rate on the Moon (4), then the time 
interval between global impact events is given by: 

where Dmin and Dm are the minimum and maximum crater diameters corresponding to events 
that cause a particular type of global effect and C is 3735. The function f(t) is an exponential 
decay function: f(t) = 1 + exp [(t-b)m, where t is the time measured backward from the present, 
t, = 3.4 b.y., and the time constant T is 70 million years. The upper bound for the time required 
to evolve life to the level of complexity represented by 3.5 billion year old stromatolite 
mimfossils can then be obtained from equation 1 using the technique in (2). We find the 
maximum times allowed for origination and early evolution on Earth to be 70 million years if 
"type A" events are required to disrupt origination and early evolution of life and 130 million 
years if "type B" events are necessary. 

As water is considered essential for evolution of life (5,6), life could only have 
originated on Mars while liquid water was present. Mars may have been wet and warm in the 
first billion years of its history (7). Runoff channels, similar to terrestrial rivers, appear to have 
formed until about 3.9 billion years ago (8) and seem to be correlated with the end of the heavy 
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bombardment, which could have been as recent as 3.8 b.y. (9). If microbial organisms formed 
before this time, they may have left fossils that could be found in future exploration of Mars. 

We now determine whether there was sufficient time, before liquid water vanished, 
between adverse impacts for origination and early evolution of life on Mars. Time intervals 
between type A impacts and between type B impacts on Mars were calculated from an equation 
similar to equation 1, except that the constant C = 7.98 x 104, which can be obtained by 
assuming the primordial cratering rate on Mars was one half the cratering rate on the Moon (4). 
Also, we use the values of Dmin and Dm appropriate for type A events (840 to 1590 km) and 
type B events (1590 to 2340 km) on Mars. For each impact effect, the time intervals were used 
to compute the maximum time allowed for origination and early evolution of life on Mars in 
order to evaluate the prospects that evidence of early life might be found on Mars. 

If water existed on Mars until 3.8 b.y. ago, the maximum time available for origination 
and early evolution of life while liquid water was present was 35 million years between type A 
events and 80 million years between type B events. These numbers change to 10 and 40 
million years if water on Mars vanished by 3.9 b.y. ago. Thus, time available for origination 
and evolution on Mars is 15% to 68% of the estimated maximum time required for origination 
and evolution on Earth. At present, we can only derive the maximum time required for 
origination and early evolution of terrestrial mi~f~~rganisms. If times less than these maximum 
times were sufficient, then life may have originated and evolved to microorganisms in the 35 or 
80 million year interval before 3.8 b.y. ago or in the 10 or 40 million year interval before 3.9 
b.y. ago. For example, if the required origination times are as small as assumed by Maher and 
Stevenson (1 05 to 107 years), and if the total time required to evolve microorganisms capable of 
leaving fossils is only slightly longer than this, then there was sufficient time for life to originate 
and evolve to microorganisms on Mars by 3.9 billion years ago. 
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