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Introduction:  The New Mars Synthesis 
 
Mars is a planet of paradoxes and evidence for  massive 
change: parts of its surface are primordial, looking like the 
lunar highlands but parts of its surface are almost terrestrial 
in their newness, it has evidence of much surface water in 
the past but little today,  it has a red  surface, indicating high 
oxidation state in its soil and exposed sediments, but it has 
very little  oxygen today, its average surface age appears old, 
but the meteorites it yields are overwhelmingly young.  
However, in science, to encounter a paradox is sign that 
one’s knowledge has outrun one’s understanding , and this 
means that a new level of understanding  is possible. 
 
Our concept  of Mars has evolved with our body of data.  In 
the days of telescopic observation  we had only two models 
for major astronomical bodies, one was Earth, and the other 
was the Moon, the only two bodies we knew well. This made 
our concepts of planetary bodies  rather bipolar. Since 
through a telescope Mars looked more Earthlike than Lunar  
it was natural that people would assume it was the abode of 
vast amounts of life. This became  the Lowellian Model of 
Mars  with its canals. However, with the first Mariner mis-
sion the Mars-as-Earth model was shattered. Mars was re-
vealed to have  many craters like the Moon, it had a thin 
atmosphere, cold surface conditions, no detectable magnetic 
field and no active volcanism, so a new synthesis emerged:  
Mars was Lunar. Under this model,  Mars died early geo-
logically, never held life, never had  liquid water.  The Lunar 
Mars Synthesis  was an advance over Lowell but it was also 
crude approximation. With the epic  Mariner 9 and Viking 
Missions, a vast body of new data was gathered and it be-
came apparent that Mars was not Lunar and not Earthlike , it 
was instead a planet that was unique in character: Mars was a 
puzzle.  
 
It is now apparent that Mars began in similar way as Earth 
and both planets then evolved along a similar track for some 
period. Both accreted similarly, both formed solid surfaces 
with much volcanism, and both then supported surface envi-
ronments with large amounts of liquid water. Then, at some 
point,  the paths of Mars and Earth’s evolution diverged, so 
that their present surface environments are much different.  
One major question is the length of time Mars and Earth 
shared similar surface conditions , both defined by the exis-
tence of liquid water.  It is a consensus  that Mars had  liquid 
water until  at least 4.0  Billion Years ago, in the Early Noa-
chian epoch , and perhaps even a paleo-ocean on the North-
ern plains [1,2,3].  This was born out by the Mars meteorites 
, almost all of which show signs of exposure to liquid water. 
However, there is a serious problem with this Noachian con-
sensus and these pieces of data: the northern plains are much 
younger than 4.0Billion years and so are almost all  the me-
teorites. A New Mars Synthesis is clearly necessary.  
 

 
The New Mars Synthesis (NMS)[4] , drawn from the rich 
treasure trove of orbiter and  lander data, the ever increasing 
number of Mars Meteorites and a better understanding of 
Mars analogous environments on Earth,  is basically this:  
Mars and Earth did not strongly diverge from their similar 
paths  4.0 Billion years ago, in the Early Noachian, they 
diverged much more recently in geologic time, perhaps as 
recently as the Early Amazonian. During this period of paral-
lel evolution,  Mars and Earth had similar surface conditions 
in many basic ways. The NMS assumes Mars held  biology 
form early on ,has been  geologically active throughout its 
history,   that  it had a northern paleo-ocean , that it has high, 
approximately, 4xLunar , cratering rates[5,6] and that its 
climate changed recently in geologic time from being basi-
cally terrestrial to its present conditions. In the  remainder of 
this abstract,  the basic evidences supporting the NMS and 
models for its functioning planetary systems will be dis-
cussed.   
 
 
 The Paleo-Ocean of Mars 
The chief determiner of the surface conditions of Paleo-Mars 
, as opposed to the Modern Mars,   was the existence of the 
Northern paleo-ocean.  This ocean existed in liquid form 
until probably the Early Amazonian, as evidenced by the 
nearly identical elevation of the northern plain highlands 
boundary near the 6mBar  zero-kilometer elevation line (see 
Figure 1) and the contemporary water channels that appar-
ently fed into it. Basically, the paleo-ocean is on the wrong 
side of the Mars dichotomy - the young side, for it to support 
an early end to the epoch of liquid water on Mars.  The pale-
ocean of  Mars, first proposed by the author , has the pro-
posed name “Malacandrian Ocean. ”   The ocean would have 
had  a depth of several kilometers , covered ¼ of the planet 
and contained an approximately 400 meter deep planetary 
wide layer of water.   It would have played an important role 
as a thermal and atmospheric buffer  to support and stabilize  
the Martian climate system.  The paleo-ocean’s top one me-
ter having the approximately the same thermal capacity as 
the entire atmosphere and holding in solution large amounts 
of carbon dioxide.  
 
 
 A Heavy Mars Greenhouse 
 In order to support a long lived pale-ocean and water chan-
neling,  Mars required a long lived CO2 green house of ap-
proximately one atmosphere.  Their are two problems that 
must be overcome for such a model. 1-  Some form of CO2 
recycling must occur , otherwise the atmosphere-greenhouse, 
catalyzed by the warm temperatures and liquid water envi-
ronment it creates will combine with the silicate rocks and 
form carbonates and large amounts of free quartz. 2 -  The 
Mars greenhouse must end catastrophically  after a long 
peiod of operation.  Since liquid water apparently flowed so 
long in a terrestrial manner and neither large amounts of 
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surface carbonate or silica have been found, some method of 
recycling is required. The simplest is that of periodic vol-
canic flooding of large areas of Mars and some method of 
subduction of parts of Martian crust to allow Martian internal 
heat to release the CO2 from the carbonates. The discovery 
of apparent Andesite, a reprocessed  lava rock, gives weight 
to this possibility for CO2 recycling.  However, a more pow-
erful geo-chemical engine for CO2 recycling was also appar-
ently present on Mars : biology.  
 
Biology , using photosynthesis to create organic acids , as 
are produced in terrestrial lichen , could both recycle CO2 
but also, and probably more importantly, form a protective 
varnish on the rocks of Mars to prevent carbonate formation. 
Similar action in anaerobic ocean sediments would have 
returned CO2 to the ocean. Such photosynthesis is evidenced 
by the highly oxidized surface of Mars, including exposed 
strata in the Vallis Marinaris,  and in the groundwater to 
which the Mars Meteorites were exposed before being lofted 
to earth.  The role of Martian life would have beensimilar to 
that on Earth, to act symbiotically to create and sustain envi-
ronments on Mars suitable for even more life, a sort of Mar-
tian Gaia.  
However, the Martian dependence on a heavy CO2 green-
house also allows the possibility for catastrophic climate 
change because of the bi-stable nature of such a greenhouse 
on Mars , as was first noted  by Sagan [7].  
 
 The Fall of Mars: The Collapse of the Paleo-Climate 
System 
As evidenced by the longevity of the paleo-ocean , Mars 
climate system ran smoothly for a long geologic period, 
apparently until the Early Amazonian, then, in the NMS,  a 
catastrophe occurred.  A heavy CO2 greenhouse on Mars is 
unstable due to the fact that temperatures on Mars can easily 
dip so low that CO2 can condense on the planets surface. 
This means Paleo-Mars had two stable atmospheric states, 
state one with a warm, dense atmosphere trapping lots of 
heat, and state two with a cold, thin atmosphere with most of 
the atmosphere frozen on its surface. The transition between 
the two atmospheric states could require merely a large tem-
porary thermal excursion. For a Mars with a heavy green-
house, even with a large ocean to act as a buffer, catastrophe 
was just one large chilling event away.   A large chilling 
event  would push the temperature at the poles below the 
point where dry ice would form, leading to collapse of the 
atmosphere onto the poles , loss of greenhouse effect,  thus 
leading to more cooling.  The ocean surface would freeze, 
decoupling it from the atmosphere and leading to even more 
rapid decline in temperature and pressure. 
 
This catastrophe may have occurred in the Early Amazonian 
epoch. Based on the higher estimated Martian cratering rate 
of approximately 4xLunar [5,6], required to solve the”Age 
Paradox” of Martian Meteorites, this may have occurred as 
recently as 0.5 billion years ago.  If true this would mean 4.0 
Billion years of Earthlike environment on Mars, before the 
collapse occurred.  
 

Two mechanisms  for such a catastrophic chilling event on 
Mars are readily available. One is a large volcanic eruption 
in the Tharsis region , leading to global dust loading of the 
atmosphere. The other is the impact of a large asteroid , lead-
ing to a Martian Chixulube. There is evidence that the forma-
tion of the Lyot impact basin in the Early Amazonian , a two 
hundred kilometer outer diameter, double ring  crater may 
have triggered the collapse of  Mars climate[8] (see Figure 
1).  Both a drop in fluvial activity and increase in hydrogen 
fractionation coincide approximately with this event (see 
Figure 2). The atmosphere and ocean, having frozen follow-
ing such an cooling event, would have created an ice-mound 
at the poles and been subducted by basal melting.  This sig-
nature of catastrophic collapse of Mars climate, rather than 
slow loss of atmosphere,  can lead to predictions for what we 
might find at Mars.  
 
Summary and Predictions of the New Mars Synthesis 
 
The puzzle of Mars past may be closer to solution with this 
new synthesis. However, this synthesis is destined to be re-
placed by fuller understanding in the future.  Some predic-
tions from the NMS that can be made and used as tests for its 
validity are listed below. 
 
One- The catastrophic collapse of Mars climate would lead 
to a large ice mound in the North polar region, trapping not 
only the water but large amounts of CO2.  Basal melting of 
the water ice would lead to forcing of carbonated water into 
the regolith.  Large  carbonate beds should thus be found at 
the poles as well as large deposits is of silica.  
 
Two- The redness of Mars will be found to be due to Earth-
like weathering of lavas in an oxygen and CO2  rich atmos-
phere. Evidence for a massive photosynthetic biosphere will 
be found on Mars such as coal and petroleum deposits. 
 
Three- evidence for evolved biology on Mars will be found , 
given the longevity of the biosphere. These would include, 
by earth analogy, perhaps considerable advances over the 
primitive uni-cellular microbes associated with early plane-
tary environments.    
 
The most basic prediction of the NMS is that Mars will turn 
out to be an interesting place and  full of surprises. Carl Sa-
gan,  in response to concerns over whether Mars was going 
to be boring, once said  ‘ don’t worry, Mars will not disap-
point us’.  This is certainly true, for after over a thousand 
years of human longing for more information about Mars , 
and almost half a century of space probe visits, the tale of 
Mars is not near to being told.  
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Figure 1. The northern plains-highland boundary at Mars, the 
possible paleo-ocean shoreline. Note also the Lyot impact 
basin  and lines of constant elevation.  
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Figure 2. Resurfacing rates rates due to various processes 
according to Tanaka. Fluvial and Peri-glacial rates drop by a 
factor of thirty in the Early Amazonian and D/H hydrogen 
fractionation, shown on the right hand scale for individual 
meteorites,  increases.   
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