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With 5-carbon carbohydrates
as an end point, the ratio of
stabilized carbohydrates on
Hadean surfaces is unknown.
But they must have been there.
Chirality remains unsolved.
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D. Natural luneburgite from three locales

Where do nucleobases come from?

Easily made from RNA base precursors HCN, HCCCN,
NCNH,, NCCN ..., but the absence of reduced gasses
gives little atmosphere production of these precursors.
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Earth certainly had mid-sized impacts that delivered molten iron to the Earth’s atmosphere that could not not have transiently
generated a productively reducing atmosphere. We have some choices starting at ~ 4.7 Ga and ending ~ 4.2 Ga.

e Moneta (~10%3 kg, Moon-sized) delivering veneer siderophiles. Too small to re-open the core, created lava oceans, sterilizing.
Resets clock and makes productive atmosphere that decays with t,, ~ 40 million years.

e Ceres-sized (10%! kg) sterilizing/non-sterilizing boundary; reducing atmosphere without resetting clocks. A still smaller 10%° kg
e Vesta-sized (10°° kg) impactor, not sterilizing, productive atmosphere decays with t, , ~ 40 thousand years.

Productive atmosphere supported RNA formation, also needed to feed first RNA-based Darwinism.
Thus, the most probably relevant impactor is the last sterilizing impactor.
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