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‘L’he present capability for space flight, gives t,imely urgency to discussions of 
problems of life on extraterrestrial bodies, especially Mars. Until the advent of 
these flights, t’here have been two approaches t,o the issue: the speculative construc- 
tion of models of the environment’ and ecology of Mars, and direct telescopic 
searches for indications of lifr on that, planrt. These two approachrs ha\-{: pointed 
in opposit,e directions. 

The low average temperatures, low mean wat,cr vapor content,, absence of es- 
t,ensivt bodies of pure liquid water, low atmospheric pressure, absence of molecular 
oxygen, and possible high ultraviolet radiation flux are undeniable constraints on 
RIartian biology.*-5 Some terrest&l microorganisms survive in purported simu- 
lations of the average Mar&n cnvironment,.6r 7 Most’ would fare poorly, and 
whether any can proliferat#e in an accurat,ely simulated environment is less clear. 
[n any went, how mcll the Mnrtinrb organisms hare learned to cope with the same 
constraints remains to be seen. 

The observational evidence falls into t,hree categories: (1) srasoual and swulal 
changes in the albedo, color, and delineation of the Mart,ian dark areas,?, 8, y (2) 
seasonal changes in t,he polarization of light, reflect,ed from the dark areas but not 
the bright areas, suggcst’ing periodic changes in the size and dist)ribut’ion of small 
scattering granules on t,he Alart,ian surface,‘” and (3) spect,ral features in the in- 
frared reflection from the dark (but not, the bright) areas which have been inter- 
preted as absorption by CH and CHO. llj I2 There are obvious difficulties in detect- 
ing extraterrestrial life over interplanetary distances and none of t,hcsr observations 
can, by itself, be very convincing. Deliyueacent salt,s might darken and change 
color upon wetting, as might t,he polarimetric properties of mineral granules. The 
infrared observations arc rvidcncc for carbonawous matt,er on Alaw, not nrwssar- 
ily of life. 

Apart from these inconclusive observatSional arguments, how might WC construct 
a model for a life-bearing Mars? We should take account of t,hc severe constraitlts 
posed by t,hc areragr environment,al condit,ions! which have led some u>lthors to 
reject the possibilit,y of Martian life. An approach to this question has already 
been suggcsted.13 The Martian environment is het#erogeneous on a large scale both 
in spare and in timr. The surface trmpcrat,urr \-arirs from <2OOT< to 310K. Thr 
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seasonal changes in the polar ice caps imply a variation in the availabilit,y of atmos- 
pheric wat,er vapor. High resolution studies of the Martian topography show 
progressively finer and more variegated detail. We have much less insight into 
t,he small-scale variation of temperat,ure and humidity to specify the microenriron- 
ments in which organisms might) flourish. 

The average microwave temperature of Mars, int,egrated over the whole disk, is 
211 * 28’K.14 As t’his temperature refers to a depth of some decimeters, it is un- 
likely t)o undergo much diurnal or seasonal variation. The low abundance of water 
in t,hr Liars atmosphere may be due to its condensat,ion as permafrost, at these low 
temperatures as well as to its escape from t,he atmosphere,15 as has already been 
suggested for the moon.lfi The permafrost hypothesis lends special importance to 
the dist)ribution of localized geothermal act#ivity---hot springs, fumarolcs, volcanoes. 
Such hot) spots should be accompanied by local out)gassing and by higher water 
vapor pressures in the overlying atmosphere, making t,hesc locales much more 
favorable mirroenvironmtnt,s for life. Recurrent clouds at specific locales-oft,en 
att,ributed t,o elevation differences---may be symptomatic of this local out,gassing 
of water vapor. Once the permafrost has been broken through, a continued supply 
of moisture and heat, should be available from deeper layers to maintain hot spots, 
the general circulatlion of gasses from t,he int#erior being impeded by the permafrost. 

JIcIAaughlin17 has proposed that, volcanism account,s for many of the major 
features of the Martian topography. His conclusions have been criticized18-21) 
and defendedzl on various grounds. Our proposal should be distinguished by its 
stress on the significance of more localized geot#hcrmal activity such as fumaroles. 

h search for favorable microhabit,ats can be made from planet,ary flyby vehicles 
such as t,hc Mariner series.22 Energy limitations have rest,ricted the area1 resolu- 
Con of Earth-based spectroscopy and bolometry to >500 km; t,his should be im- 
proved by at least, an order of magnitude by early missions. Do the areas where 
organic matter is conccntrat,ed also show t,he greatest seasonal changes? hre there 
any local concentrat,ions of water vapor ? Do anomalous warm spots persist, during 
the hlartian night phase, which cannot be observed from Earth? Are these fea- 
tures correlated? If so, they mill point to t,he most plausible sites for landing ex- 
periments carrying monitors more explicitly directed to the det,ection of biological 
activit’y. A continuing series of flyby vehicles capable of video reconnaissance. 
infrared spectrometry, and bolometry with progressively higher topographical 
resolution-~-hopefully down to a few hundred met,ers- would be of great valur in 
directing our search for life on Mars. 

Summwy.-Deduct,ions as t,o the habitabilit,y of Mars, of great importance in 
planning for space explorations, must take account, of local variations, as well as 
the harsh, average features of the planet For example, substantial moisture may 
be frozen in the subsoil, moisture and warmth being available through localized 
geothermal activity. Models of this kind pose specific quest,ions for high-resolution 
reconnaissance in planet’ary flyby missions. 
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