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both on the size of the drop and on
the nature of the substrate onto
which it falls. To constrain these
variables, the authors observed
the size distributions of naturally
occurring raindrops, and coupled
this information with data from
experiments in which they let water
droplets fall onto volcanic ash —
mimicking the conditions in which
the fossil raindrops formed
Som et al. conclude that the
atmospheric density 2.7 billion years
ago was probably 50 to 105% of that
today. This finding immediately
calls into question solutions to the
faint young Sun paradox that invoke
elevated concentrations of green-
house gases, unless small increases
of greenhouse-gas concentration
were able to exert a large warming
effect. It is also unlikely that higher
concentrations of greenhouse-
. s A _ enhancing nitrogen could have
Figure 1 | Solid ewdence Som etaI have anal}rsed the fossilized caused the paradox, because con-

imprints of raindrops, such as those shown here, to determine the centrations of twice or more the
atmospheric density 2.7 billion years ago. Rule, 5 cm. present atmospheric abundance

doi:10.1028/nature11036
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Fig. 1. Annual mean surface-air temperatures (°C) in GCM simulations of Middle Cretaceous (~100 Ma, low sea-
level stand) and zonal averages (A) with CO, concentration 1x PAL (280 parts per million by volume), (B) with 4x
PAL CO,, and (C) with 4x PAL CO, and increased liquid-cloud r, and P.. (D) Zonal average temperatures for land
and ocean, land only, and ocean only, with ocean () and temrestrial (6, 7) proxy temperature data for the Middle
Cretaceous shown as solid rectangles. Dotted line indicates data from simulation with 1x PAL CO,; dashed, with
4x PAL CO,; and solid, with 4x PAL CO, and increased liquid-cloud r, and P,.
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Flare — CME Flux-Mass Correlation

211

Figure 16 As in Figure 15, the
relationship between flare flux
and CME mass is shown. In this
case, we include the sample of
CMEs with poorly constrained
mass measurements (Figure [,
dashed histogram), and see a
relationship (diamonds, black)
much like the one in Figure 15.
The triangles (red) indicate how
the function would change were
we to include halo CMEs: we
assign halo CMEs the maximum
mass from the bin occupied by its
associated flare. This function, fit
by the dot-dashed (black) line,
represents the steepest slope we
could anticipate assuming that
halo CMEs have masses which
lie within the observed
distribution.

Aarnio+ 2011
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