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Introduction:  Given that we have no real idea how planetesimals form, I have 
proposed that chemistry is the cause of initiation of planetary accretion, and the 
temperature dependence leads to compositional differences in bodies at different 
radial distance from the sun.  This submission offers two suggested lines of 
investigation that follow from that premise, and from two published papers that in 
one case has been completely overlooked by the astrobiology community (through 
near impossibility of discovering it) and one that appears to have been forgotten. In 
each case the proposals depend on interpretation of what follows from the 
observations, but if what I expect is observed, it would make radical changes to what
we think. The author is not applying for funding.

Proposal 1   Dig on Mars. 

Three unresolved issues could be resolved from one premise, and if correct 
predictable residues should remain on Mars.

The first is that on Mars there is evidence of water flow, but there is no reasonable 
scenario given expected temperatures how that could occur. It is difficult to come up 
with a scenario where greenhouse gases might suffice that is consistent with current
knowledge. While many examples of water flow on Mars might be explicable by 
geothermal or impact heat, some appear not. A case has been made (Parker et al., 
2001) that fluid flowed from the Surius, Palacopus and Dzigai Valles through a lake 
in Argyre into a system forming lakes at Holden and the Ladon Valles, thence to the 
Margaritifer Valles, where ice was deposited. What is odd about this is the fluid 
started at some of the highest and coldest parts of Mars and stopped near the equator, 
and yet could still have flowed downhill. One possibility is that something was 
dissolved in the water to lower its freezing point, but was eventually lost as the water 
got warmer. It cannot be solid because supplies at a point would run out. There is 
visual evidence that at Eastern Hellas the Dao and the Harmakhis Valles change from 
prominent and sharp channels to diminished and muted flows that resemble terrestrial 
marine channels beyond river mouths, which implies there was a standing body of 
fluid. While the original heat would probably be volcanic, something had to lower the 
melting point of ice to maintain such a potentially large standing body of water.
The only gas that makes sense is ammonia, which is spontaneously absorbed by ice 
and liquefies it down to -80 oC. 

The second involves biogenesis. While there is more to it than this, for life to evolve it
must start with RNA, the reason being that accurate information transfer is required, 
although not totally accurately, otherwise evolution is too slow. For that to happen, 
we need the nucleobases we have. (In principle there are further possibilities, such as 
orotic acid, but for the purposes here I shall ignore that because they make no 
difference to this overall argument.) To get those bases we need ammonium cyanide 
and cyanoacetylene. Again, it could be argued that there are other ways of getting to 
such bases, but the point I am making here is that there are no known ways of getting 
to such bases or alternatives in significant amounts without a reduced or partially 
reduced volatiles. It is almost inconceivable that we can get to life without reasonable 
amounts of ammonia and hydrogen cyanide being generally present. If they were, the 
question then is, where did they go? The amount of atmospheric nitrogen suggests 
that if there were sufficient for the fluid flows, the residues would be below the 



surface, and may well also have chemicals on the way towards life. In principle, early 
precursors, as chemical fossils, may still be there.

The standard approach to the volatiles on the rocky planets is they came from 
carbonaceous chondrites, but there are difficulties with this. Two of the simplest ones 
are: 
(a) The ratios of the volatiles on the various rocky bodies are all different. Compared 
with Earth, Venus is slightly carbon-rich and significantly nitrogen rich, but very 
water poor. The high D/H ratio is argued to arise from photodissociation of water 
from the equivalent of Earth's oceans, or thereabouts, but there is no sign of the 
required oxygen. Mars is carbon poor, and extremely nitrogen poor.
(b) There are no signs of the chondrite remains on Mars or the Moon, yet if Earth and 
Venus were bombarded with such chondrites, some must have struck Mars and the 
Moon. Neither of these have surface subduction, so such chondrites should have left 
remains.

Alternative Proposed Mechanism
Very briefly, the water on the rocky planets was accreted as silicate or aluminosilicate
hydroxyls, and the water liberated by heat as the planet gravitationally collapsed. The 
nitrogen was accreted as solid nitrides or cyanides, or similar compounds, such as 
cyanamids formed in the heat of the accretion disk. Carbon was similarly accreted as 
carbides, or solid carbonaceous material. Some of the water reacted with these to form
ammonia, methane, and a raft of organics that were the biochemical precursors. 
Venus had less water than Earth because it was hotter where it accreted. The D/H 
ratio on Venus is due to the chemical isotope effect during these reactions, which 
preferentially puts hydrogen on the volatile, or as H2. The atmosphere would be 
mainly methane, and some nitrogen. Ammonia would promptly dissolve in any 
surface water or ice. The methane is subsequently oxidised to carbon dioxide by 
photochemical degradation with water providing the oxygen (and further enhancing 
the deuterium). The initial D/H ratio would be that of the accretion disk; the present 
one is determined by the concentration through the chemical isotope effect while 
forming volatiles, but diluted by the available water. The ammonia would dissolve in 
water/ice and this fluid is suggested to be what caused the fluid flow on Mars.

Support for Ammonia
The above proposal would generally be rejected because it is argued that ammonia is 
rapidly degraded by UV light. Thus according to Sagan and Chyba (1997) ammonia 
on Earth could be destroyed photolytically within decades and hence even if it were 
present initially, it is irrelevant. However, there is the possibility of some protection, 
through smogs, etc, as are found on Titan. I am unaware of data on UV photolysis of 
ammonia in water, but many metal salts would offer UV screening.
However, more compelling is that such rapid removal did not occur on Earth. 
Seawater occluded in rock near hydrothermal vents at Barberton 3.2 Gy BP has been 
analysed (de Ronde et al. 1997), and found to contain the following gases in 
mmol/mol: carbon dioxide (3.3-10), nitrogen/carbon monoxide/argon/oxygen (0.4-
0.9), methane (0.1-0.2), COS (0.03-0.25), C2-C4 hydrocarbon gases, (ca 50 ppm). 
Cations detected in acidified solutions (used to dissolve the rock) included ammonium
at concentrations of up to 25.4 mmol/L, which is three orders of magnitude greater 
than current sea concentrations and approaches the level of potassium. The ammonia 
levels may have been greater because the salt concentrations were very high, 



explicable by the geothermal heat that was the cause of trapping the seawater also 
boiled off some water before closure. There is no other obvious reason why seawater 
of the time should have a far higher salt concentration than now. If water was boiled 
off, some ammonia would have left too. If we assume that the nitrogen to water ratio 
was the same then as now, then very roughly 10% of the planet's nitrogen remained in
the form of ammonia. 
Ammonia would not last forever on Mars, but given that any specific Martian fluid 
flows seldom lasted more than 100,000 years, ammonia provides a reason why. In this
context, the oxidation of the methane produces carbon dioxide, and this reacts with 
ammonia to form ammonium carbonate, which in turn may dehydrate to urea. If 
ammonia was what stabilized the water as a fluid, such urea would eventually settle 
out as a solid, and either is still there, in some form or other (chemistry is not very 
good at predicting what slow reactions could occur over billions of years) or it has 
volatalised, but that is unlikely because of the serious nitrogen deficiency. Ammonia 
will also concentrate certain transition metal oxides as ammines, but this is less 
definitive because acid does the same thing, as at Meridiani Thus if there were 
nitrogen there in that form in sufficient volumes to fluidize that much water, it should 
still be there. If it is not, then Mars was always nitrogen deficient.
Accordingly, the proposal is that a site be found where water could reasonably have 
lain, and the dust level of overburden does not exceed the plausible depth that a rover 
could dig.

Option 2: Chemical laboratory work to address, Why ribose?

Vesicles have ben made from fatty acids and glycerol esters that acid catalysed 
condensation by sequential wetting and drying (Milshteyn et al. 2018). These vesicles
were stable even at pH 3.3, and were stable to the drying, even on rocks, however 
they were not stable to seawater. Nucleotides could be condensed to polymers of 
between 10 – 100 mers (Ross and Deamer, 2016). This condensation reaction is 
endoergic by about 13.8 kJ/mol, but the vesicle wet/dry cycling provides stabilizing 
factors of  20 – 40 kJ/mol. It has been shown (Hassenkam et al. 2020) that sequential 
wet/dry cycles of vesicles containing AMP and UMP lead to polymer strands, which 
led to the conclusion that RNA-like rings and structures with sizes sufficient to fold 
into ribozymes could have been formed abiogenically. Thus we can see how AMP, 
UMP, GMP and CMP could lead to the origin of life. The problem then is, how to get 
to AMP, UMP, GMP and CMP? This, in turn, reduces to, how to make phosphate 
esters in water in a "one pot" type reaction without significant changes of conditions. 
Phosphate will esterify alcohols at about 200 oC, but the esters hydrolyse at that 
temperature in the presence of excess water, and saccharides caramelize or 
decompose well before that. Further, it should be done in a vesicle so the rest of the 
RNA synthesis can take place.
One proposed route (Ponnamperuma et al., 1963) proceeded through purines 
absorbing UV radiation at about 250 nm wavelength in the presence of ribose and a 
phosphate. Thus adenine gave AMP and ATP. There are three major problems with 
the Ponnamperuma mechanism. It is highly unlikely this UV window would be 
available at suitable wavelengths, especially those that would permit uracil to absorb, 
because upper atmosphere photochemistry would screen it. The second is that it has 
been shown (Shuttlefield et al., 2011) to be highly desirable that this radiation is not 
available because UV radiation at 250 nm striking oxide semiconductors such as 
titanium dioxide, and probably ilmenite and haematite, oxidizes chloride to 



perchlorate. This type of reaction is quite likely to be the source of the perchlorate on 
Mars, and it is clear that such strong oxidations would not be conducive to the 
emergence of life, particularly since iron and titanium oxides are not rare chemicals.
The third problem is the solubility of phosphate. This will generally appear as 
something like calcium hydroxylapatite, which is insoluble in water. However, the 
presence of urea and ammonium formate increases the solubility, and also apparently 
enhances the chances of phosphorylation (Burcar et al. 2016), particularly in the 
presence of magnesium sulphate. Ammonium formate is a hydrolysis product of 
hydrogen cyanide. Also, it has been found that cyanide itself, in the presence of urea 
or as an iron cyanide complex also improves phosphate solubility, while phosphate 
may well have been present in more mobile phosphates, such as magnesium 
ammonium phosphate (Burcar et al. 2019), and these slowly phosphorylated 
adenosine. It was unclear whether photochemistry had any involvement here but the 
samples would have been in the light, and cyanide complexes with ferrous could have
been light absorbers.
RNA is not the only plausible nucleic acid and a number of pentose pyranoside 
nucleic acids, including ribopyranoside, form duplexes with stronger binding energy 
than RNA (Eschenmoser, 1999), so why did nature select ribose, which is made in 
poor yield in most abiogenic syntheses? (The complexation of aldose sugars with 
silicate strongly favours ribose by an order of magnitude, and equally, hexoses such 
as glucose, mannose and galactose do not form such complexes (Lambert et al. 2004, 
2010). This would favor the origin of life forming around fumaroles.) The proposed 
answer is because ribose is unusual as a sugar in that in aqueous solution it has about 
18% in the furanose form (Cocinero et al. 2012), while other sugars show very little 
furanose form. But why ribofuranoside, when there is more pyranoside that can 
participate in duplexes?
How do the phosphate esters form, and why at C-5? In the Ponnamperuma route, it is 
not directly photochemical as the excited state cannot be transmitted through σ bonds,
but mechanical energy can, and the furanose form alone has the flexibility to do this. 
The simplest answer (but not necessarily the correct one) is the furanoside flexes and 
sufficient mechanical energy is focused at O5 to provide the vibrational motion 
equivalent to a hydroxyl at 200 oC. The water does not hydrolyse the product because 
it is at room temperature. If so. a mix of sugars in the Ponnamperuma reaction will 
only yield primary ribofuranoside phosphate ester formation. However, the UV 
required is too harsh. The alternative is that if the reaction is carried out in a vesicle, 
with porphyrin or some similar dye, the mechanical energy can be transmitted through
ribose from radiationless decay of the excited states. The proposal is, first repeat the 
Ponnamperuma reaction then with ribose plus other sugars. If the proposal is correct, 
the other sugars should not participate in the primary reaction. If so, and if mechanical
energy can be transmitted from the vesicle walls, the vesicles with a porphyrin or 
suitable dye should permit the formation of nucleotides with visible radiation. If so, 
coupled with the geologic requirements to form ribose, there should be very clear 
limits to where life can form, and furthermore, the very initial life form would have 
the characteristics that would eventually lead to photosynthesis as we know it. 
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