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Introduction:  It has long been recognized that 

warmer wetter conditions existed on early Mars than at 
present . This has been evidenced by the presence of 
many extinct water channels on ancient terrians in the 
South of Mars and even what appear to be dendritic 
networks suggesting precipitation. However, evidence 
for an extinct paleocean has been found in the North-
ern younger terrains indicating the possibility that 
conditions allowing liquid water may have been pre-
sent until the early Amazonian [1,2]. Recent imagery 
has suggested that precipitation existed in the Late 
Hesperian [3]. The simplest explaination for such such 
warmer wetter climate in Mars Past is that a Carbon 
dioxide greenhouse existed. However, such CO2 
greenhouse models are subject to short term pressure 
and temperature instability in the presence of insola-
tion and large impacts [4].  In the long term such a 
CO2 greenhouse is chemically unstable because CO2 in 
the presence of liquid water and warm temperatures 
yields carbonic acid solution which attacks Ferro 
Magnesian silicates to form siderites, such as are found 
in the primordial mars meteorite ALH84001 [5], and 
thus rapidly depletes the CO2 until the greenhouse 
fails. Given the lack of Plate Tectonics on Mars, no 
mechanism is known to exist for recycling the CO2 
into the atmosphere. Thus even a greenhouse that went 
through several episodes of warm temperatures driven 
by insolation would eventually end with the bulk of 
CO2 bound irretrievably in the rocks and present Mars 
conditions but with large amounts of surface carbon-
ates. Thus, the absence of large amounts of carbonates 
on the Martian surface and in Mars meteorites creates 
a mystery: what process can create a long-lived green-
house on Mars and what would be its signature?  In 
this abstract the model is proposed that a strong oxy-
gen component in the Mars atmosphere, by raising 
surface components to high oxidation states, can stabi-
lize the carbon dioxide atmosphere and prevent is cap-
ture by surface minerals. In addition, the presence of a 
paleo-ocean, by its thermal and atmospheric buffering 
can stabilize the greenhouse against short-term pres-
sure and temperature perturbations. 

High Oxidation States:  The present surface of 
Mars is highly oxidized, and Mars meteorites appear to 
have been exposed to oxidizing groundwater. Layers 
exposed by recent landslides in the Vallis Marineris 
appear lightly colored, suggesting they are composed 
of highly oxidized minerals. Recent discoveries of 
hematite and jarosite at Meridani Terra, both minerals 
formed under oxidizing conditions, are also consistent 

with a past Mars atmosphere contained a large oxygen 
component. Such a component would, as on earth, 
push all exposed surface chemistry to the highest oxi-
dation state. Model compositions of the Martian sur-
face, based on Lander analysis, show excess iron and 
sulfur compared to earth soils. Iron will not form a 
carbonate in its highest oxidation state. Thus siderites 
give up CO2 as they oxidize to hematite and other min-
erals, thus chemical CO2 recycling occurs. In addition, 
sulfur and phosphorus, when oxidized in the presence 
of water, form sulfuric and phosphoric acids, which 
also displace CO2  from carbonates. Only calcium 
forms carbonates that remain stable in the oxygen rich 
conditions on earth. Thus an oxygen component in the 
atmosphere, as on earth, helps chemically stabilize a 
CO2 greenhouse. Such component would have other 
effects. Molecular oxygen and its daughter molecule 
ozone are potent UV absorbers and block UV that 
would break up water and also other greenhouse gases 
such as methane and ammonia. Thus oxygen may al-
low other greenhouse gases to contribute to the green-
house effect lessen sensitivity to temperature and pres-
sure perturbations. Of particular focus will be geo-
chemical weathering of Magee rich silicates in such an 
environment, with identification of possible mineral 
signatures. Also life times of methane and other green-
house gases in such an oxidizing greenhouse will be 
calculated.  

Paleo-Ocean Buffering:  Mars is a planet where 
temperatures can plunge to levels where the major 
component of the atmosphere can sublimate. This 
means a warm dense atmosphere on Mars is half of a 
bi-stable state, where a cold thin atmosphere with most 
of the CO2 frozen at the poles is also possible. How-
ever, the presence of a paleo-ocean, containing vast 
amounts of dissolved CO2 and having a high heat ca-
pacity, can act as a massive “flywheel “ on the climatic 
system of Mars and thus stabilize a greenhouse against 
excursions of pressure and temperature.  To attempt to 
quantify the buffering effects of such a paleo-ocean, 
calculations of effective thermal capacity and amounts 
of readily exchangeable CO2 will be presented for a 
model northern paleo-ocean.  This ocean will be mod-
eled as covering ¼ of the planets surface with ap-
proximately 2 km average depth. Such paleo-ocean 
buffering effects against short term perturbations and 
geochemical stabilization by oxidizing conditions may 
allow a persistent greenhouse of Mars for geologically 
significant periods.  
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