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The Earth’s atmosphere sust be of secondary origing that is, it
was outgassed from the interior rather than captured from the solar
naebula. The evidence for this is the strong fractionation of rare
gases (Ne; A, Kr, Xe) relative to solar abundances. These gases could
not have been lost over tise by escape to space or by cheaical
interactions with the crusts hence, their concantrations would be such
higher today if the atmosphe  » were originally derived from nebular
materials. If the Earth’s crust has always been close to its present
oxidation state, as seees likely, the "excess volatiles" that were
outgassed would have consiste” primarily of Hz0, COz and Ng, with

smaller amounts of CO, Ha, S02, CHe, and HxS. The cosposition of such
an atmosphere aight be described as weakly reducing.

The clisate of the Archean Earth would have been influenced by
the fact that solar luminosity was approximately 25-30 percent lower
than it is today. Since liquid water existed on the Earth’s surface,
the early atmosphere smust have contained some {nfrared absorbing
"greenhouse” gases in addition to those present today tc compensate
for the low solar flux. The most likely scenario involves greatly
snhanced levels, perhaps 100—-1000 the PAL (Present Atmospheric Level)
of Cha. There are additional reasons to believe CO»
levels were higher in the past, involving differences in the
carbonate-silicate geocheaical cycle. Because of increased volcanic
and tectonic activity the weathering of calcium silicate
(CO024CaBi0s CaC03+3i02) would have been slower, while
the ravaerse reaction, which occurs during metasorphisa, would have
been faster.

The Oz content of the prebiotic ataosphere can be
estimated by balancing sources and sinks of Ha. The governing
equation aay be written as:

HesctH)+ 4 x R(HC0) =Pout (H) + 2 x R(H202)

where esc(H) is the rate at which hydrogen escapes to space,é?out(ﬂ)
is the volcanic flux of reduced gases, and R{(HzC0) and R(Hz0)

are the rainout rates of formaldehyde and hydrogen peroxide,
respectively. The rainout terms becose isportant at COz levels

much higher than those of today. Model calculations yield Ha

@ixing ratios on the order of 10™® to 10~ and extraemely

low surface Oa mixing ratios (¥10-*2,)

The effect of life on the atmosphere was probably seall until the
evolution and subsequent widespread distribution of bacterial
photosynthesis. With bacterial photasynthesis Hz levels would
have been lowered and atmospheric CHs levels would have risen
as a rasult of the activities of methanogens. Distribution of
methanogens on a global scale aay be recorded by the wide spread ir
delta *3C values in the organic material in sediments around
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2.8 billion years ago.

Evidence in the geological record for oxygenic photcsynthesis
dates from at least 2.5 billion years ago, the tise at which the
Hamersley iron formations of Hestern Australia were deposited.
However, the oxygen-producing photosynthetic process of bacteria amay
have originated such earlier. The effect of oxygenic photosynthesis
on the ataosphere depends upon the relative rates of supply of reduced
and oxidized materials to the ateosphere, surface ocean, and deep
ocean. The surface ocean and atmosphere may have switched froa
reducing to oxidizing about 2.4 billion years ago, based on evidence
from detrital uraninites, fluvial deposits (redbeds), and paleopsols.
The deep ocean apparenty remained anaerobic until approximately 1.7
billion years ago, at which tise the banded iron foreations
disappeared. The interpretation of the geologic record is clouded by
the possible isportance of atmospheric oxidants other than 0,
specifically Hx0x.

Ateospheric 0z levels must have reached some relatively
high, stable value (1073-10-2 PAL) by about 1.4 billion
years ago, the tiee at which eukaryotes first appeared. The origin of
metazoa, some 600 million years to 1.0 billion years ago, presumably
required still higher Oz levels (10-2-10-% PAL? - see Schopf,
chapter 13). The emergence of land life during the late Silurian (480
million years ago) indicates that 0; levels probably exceeded
10-* PAL, the amount required to generate an effective ozone
screen against solar ultraviolet radiation. These are all lower
limits on atmospheric 0a. Oxygen caoncentrations may have been
much higher than this, perhaps reaching the present level as early as
1.7 billion years ago. In this case the appearance of shelled
organisas at the beginning of the Cambrian and the emergence of land
life during the Silurian would be completely unrelated to changes in
atmospheric oxygen, contrary to suggestions by Cloud (1972) and
Berkner and Marshall (1964). Further analysis of the geclogic record
is needed to more accurately estimate the history of atmospheric
oxygen.

”km’ L.V. and ”’w.‘l, L.L.’ 1964. On the m’igin and rise of
oxygen concentration in the Earth’s atmosphere, J. Atmos. Sci.,
22:225-261.

Chapman, D.J. and Schopf, J.¥W., 1983. Biological and biochemsical
effects af the development of an aerobic envaironaent. Chapter 13.
In The Earth’s Earliest Biosphere: Its Origin and Evolution.
(J.W. Schopf, ed.), Princeton University Pregs, Princeton, 543 p.

Cloud, P.E., 1972. A working aodel of the primitive Earth, Am. J.
Sci oy gzg: 537—5481

Cogley, J.J. and Henderson—-Sellers, A., 1984. The origin and

earliest of the Earth’s hydrosphere, Rev. Geophys. Sp. Phys.,
22:131-175.

38



Holland, H.D., 1984. The Chemical Evolation of the Atmosphere
and Oceans. Princeton University Press, Princeton, 582 pp.

Kasting, J.F. and Donahue, T.M., 1980. The evolution of
ataospheric ozone, J. Beophys. Res., §3:3255-3263.

Kasting, J.F., Pollack, J.B., and Crisp, D., 1984. Effects of
high COz levels on surface temperature and atmospheric
axidation state of the early earth, J. Atacs. Chea.,
1:402-428.

Lewis, J.8. and Prinn, R.8., 1984. Planets and Their
Atmospherest Origin and Evoluation. Academic Press, New York,
NY, 470 pp.

Schvneider, 8.H. and Londer, R., 1984. The Coevolation of
Clisate and Life. Sierra Club Books, San Francisco, 563 pp.

Schopf, J.W. (ed.), 1963. The farth’s ELarliest Biospheret Its
Origin and Evolation. Princeton uUniversity Preas, Princeton,
543 pp.

Walker, J.C.B8., 1977. Evolution of the Atmosphere. MacMillan,
New York, 3168 pp.



