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The pethways of organic chemical synthesis, 'hat 1% of chemical
evolution on the early Earth leading to life must have been
constrained by the develcopment of the planet by accretion and core
formatioin. No doublt the accretion and difisgrentiation inte the
core—mantle--crust—-atmaosphere system strongly i1nfluenced the
temperature and composition of the atmosphere. surface, and interiors?
Sut larye caps persist in our understanding of these processes. We do
not know the time-span over which Earth agquired 1ts volatiles, the
composi tion of these volatiles, and the conditions under wnich
outgas=ing ot volatiles occurred to form the atmosphere.

Uncertainties 1n existing models for Earth accretiorn and early
nlanetary development allow a wide ranqge of possible prebaictic
atmospheric compozitions at the time and temperature when liguid water
appearsd and thermallv-labile organic compounds could survive., These
compositions range frm strongly reducing atmospheres .dominalted by
high abundances of H,, CO, and CHa) to mildiy reducing

ones (Containing mostly Mz with minor to trace amounts o

Coz and Hz).

Synthesis of aorganic matter occurs readily i1n strongl, reducing
atmospheres as leboratory experiments indicate. Organic chemical
syntheses in mildly or nen-reducing atmospheres merit much: more study.
The conversion of N to nitrogen--ontaining organic coumpounds
irn any prebiotic atmosphere by atmospheric photochemical processes
must have been limited: production of mitrate by electrical discharges
may have been more effective. Frebrotic organic synthese:z need not
have occurred conlT 1n the atmospherel they would have cccurred on
land, zn the cecac, and &t o varawty ot atmosphere, sea. and land
interfaces. The 1nvelvoment of inorganic matter in the arigin of life
was probably a rnatural consegquence of the geovlogical context within
whichn atmospheric and chemical evolution occurred. Metal 1ons and
minerale, particularly clays, may have seryved as reactants, catalysts.
aind even tempiates for prebiotic organic asynthesis.

Considerable success has been achieved 1n producing the monomeric
and oligomeric building blocks of proteins and nucleic «cids under
putative prebiotic conditions. But the connections between the model
environmental conditions and the geclogic and meteorolog:c realicies
cf the prabictic Ear Ui remas Ltu be established.  Until constrainte
can be imposed on the range ouf possible prebiotic atmospher 1o
compositions and surtace environments, and 1n the abcsence of dinact
evidence ot organic chemical evolution on the Archearr earth. bt 12
important to explcre and assess patbhways for organmnic svnthesis in all
model envairanments that are consistent with evidence unveilled 1n the
coemachemical , geological, and biclogical records,
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CARBON, HYDROGOEN AND NI TROGEN
IBOTOPE FRACTIONATION
VALUES IN ORGANIC MATTER FROM
METEORITES AND EARTH SAMPLES

Susmsry of the range of valuss 3

l3c D 15u

Organic Praction por ail por ail pai atl
Ssluble cospoundo in +5 to +49 +100 to +509 +50 to +198
soae ¢

chendrites o
Insoluble compounds in | 13 ., ;) | 4695 to +2508 | +19 to +150
ecas carbanacecus

chandr i tes
All natural organic -99 to -18 -2580 to +80 -10 to +25
matter on Earth

2pelta values arc defined in per mil units as follows, as for
exampla In the case of carbon:

(13c/12C)

St - :T—ri—f‘—mﬂi— -1] x 1000
FC/ (o

standard

The standards for C, H and N, respectively, 8Te Peedee
Belamnite limestcne, mean ocean water nd air.

Table I<2. Carbon, hydrogen and nitrogen isotopic fractionation
values in organic matter fros seteorites and Earth sasples.
The fractionation values for carbon 13, deuterium (D) and
nitrogen 15 are calculated analogously to the example given

for carbon below Table 1-3.12
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CAaRBON COMPODOUNDS
i ChHe
MURCHISON METEORITE

reiative quantity by weight

Carbonate/cuz #.2 to 0.4%
Acid Insoluble “Polymer® 1.2 to 1.68%
Dicarboxylic Acids 208 - 488 ppam
Monocarboxylic Acids ~ 180 ppma
fydrocarbcns 40 - 79 ppm
Amino Acids ~ 20 ppm
Ketones § Aldehydes ~S ppa
Alcohols ~5 ppa
Amines ~5 ppa
All Others <1 ppm
e ————

SUARY: .44 - 2.07 par eent
BULX CARSON: 2.1 -~ 2.4 par cent

Table I-3. Carbon compounds in the Murchison Meteorite. The
Murchison meteorite, a carbonaceous chondrite that landed in
Murchison, Australia in 1969, was found to contain an abundance and

variety of extraterrestrial organic matter.

13



