
A FRACTAL AGGREGATE MODEL OF EARLY EARTH ORGANIC HAZES: UV SHIELDING WITH
MINIMAL ANTIGREENHOUSE COOLING.  E. T. Wolf1 and O. B. Toon1, 1 Laboratory for Atmospheric and
Space Physics, Department of Atmospheric and Oceanic Sciences, University of Colorado.

     Abstract: The atmosphere of the Archean Earth
(3.8 – 2.5 Ga) was vastly different from present.  Solar
evolutionary models predict that the young Sun was up
to ~30% less luminous than now [1], however the lack
of evidence for glaciation combined with positive evi-
dence for primitive life indicates that Archean surface
temperatures were generally as warm or warmer than
today [2].  Resolving this paradox is one of the most
important problems in understanding the environment
of Earth at the time of the origin of life.  Greenhouse
warming by CO2, CH4, NH3, and other less abundant
gases is typically invoked to resolve this apparent
paradox.  Unfortunately, many of the suggested green-
house gases are photolytically unstable.  Previous
studies have suggested that an organic haze would
form as a result of reduced gas photochemistry that
would cool the planet, offsetting any greenhouse
warming [3, 4].  In contrast, we show here that the
haze would most likely be optically thin at visible
wavelengths and therefore have little direct impact on
climate, but would be optically thick at ultraviolet
(UV) wavelengths and thus shield greenhouse gases
from photolysis.  The key is to consider the fractal na-
ture of the haze particles.
    In this work a three-dimensional fractal aggregate
model of the early Earth photochemical haze layer is
explored and compared with the standard liquid drop
haze model used in previous studies.  Fractal aggregate
microphysical processes are modeled using the method
first introduced by Cabane et al. [5] for study of Titan
hydrocarbon aerosols.  The optical properties of frac-
tals are determined using the mean-field approximation
of multiple scattering by fractal aggregates devised by
Botet et al. [6].
    The fractal structure of the aerosols is found to have
a strong effect on the radiative properties of the haze.
In this study a fractal aggregate haze layer is found to
be optically thick in the UV while remaining relatively
transparent in the mid-visible.  For a haze production
rate of  1014 g yr-1 and an average monomer radius of
50 nm the haze layer has global mean effective optical
depths of τuv  = 11.2 and  τvis = 0.5.  Such a haze layer
would provide a strong shield against UV light while
causing only minimal antigreenhouse cooling.  Pro-
tected by a strong UV shield, photolytically unstable
greenhouse gases such as CH4 and NH3 would build up
to high concentrations helping warm the young Earth
despite the faint young Sun.  Our findings reopen the
hypothesis of Sagan and Mullen [6] that the young
Earth was home to a highly reducing atmosphere.  A
highly reduced atmosphere rich in NH3 would not only
help warm the young Earth, but would also more read-
ily produce biological precursors than oxidizing at-

mospheres.  Though there is work left to be done on
our model to attain a complete description of the
Archean climate, this study serves as proof of concept.
Fractal aggregate hydrocarbon aerosols would create a
strong UV shield while remaining thin at visible
wavelengths.  The presence of a strongly UV shielding
haze layer as described in this work fits elegantly into
solutions to the Archean climate system by providing
an environment that is conducive to both the build up
greenhouse gases and the creation of complex organics
necessary for life.
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