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Abstract

The discovery of soot in K-Pg boundary clays [1]
started a long debate about whether the asteroid
impact ignited global wildfires. The K-Pg layer is
formed from material ejected from the Chicxulub site,
which travelled at hypervelocities around the world.
When such ejecta re-enters the Earth's atmosphere it
decelerates and heats up, and delivers a pulse of
radiation to the Earth’s surface. Recent estimates of
the radiation associated with ejecta re-entry [2] are
argued to be large enough to have ignited fires
globally [3]. Here, we present new 3D models of the
thermal pulse that takes into account the asymmetric
distribution of ejecta, which depends on the angle
and direction of the Chicxulub impact [4]. We have
replicated some of the modeled thermal pulses with a
Fire propagation Apparatus (FPA), to investigate
their effect on both dry and living plant matter. The
models, experiments and observational data are
consistent with some wildfires being ignited as a
direct result of the impact, but the mass flux of ejecta
at sites uprange of Chicxulub is too low to ignite
even the most susceptible of plant matter.

1. Introduction

The discovery of large amounts of soot in K-Pg
boundary clays led to the hypothesis that major
wildfires were a consequence of an asteroid impact
[1]. Subsequently, several lines of evidence,
including the lack of charcoal in North American
sites, were used to argue against global wildfires [5].
Close to the impact site fires are likely to be directly
ignited by the impact fireball, whereas globally they
could be ignited by radiation from the re-entry of
hypervelocity ejecta. To-date, models of the latter
have made assumptions about the re-entry velocity

and mass flow rate of ejecta, and assumed that ejecta
re-enters the atmosphere close to its final destination.
Such models fail to take into account that ejection is
asymmetric and dependent on impact angle, and that
ejecta travels significant distances laterally after its
arrival at the top of the Earth's atmosphere [4].
Importantly, radiation is delivered to the Earth's
surface where the ejecta re-enters the atmosphere, not
its final destination.
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Figure 1: Examples of modeled radiation for a 45-degree
impact angle. The two pulses are for proximal and distal
sites, 2000-2500 km and 7000-8000 km from Chicxulub,
respectively. For the azimuths shown, 0 degrees is the
downrange direction.

2. Modeling

We have modeled impact angles of 45 and 60
degrees, as these values cover the range that appears



to best fit the total volume and meteoritic
composition of the global ejecta layer [4]. We model
the impact and ejection of material from Chicxulub,
its travel on a ballistic path around the Earth, and the
thermal radiation associated with its passage through
the Earth's atmosphere. Modeled thermal pulses are
highest in the downrange direction at sites close to
Chicxulub (Figure 1). Radiation at locations in
different directions and/or further away from
Chicxulub is less intense but of a longer duration.
The mass flow of ejecta in the uprange direction
(azimuths of 90-180 degrees), and associated
radiation, are low.

3. Experiments

Figure 2: Example plant remains after the FPA tests. a)
Picea glauca, b) Querus sp (dead and dry), c) Pinus
pinaster, (dead and dry) and d) Pinus sylvestric

We have reproduced a selection of our modeled
thermal pulses with a FPA [see 6 for details on FPA]
to examine their effect on a variety of plant materials
(Figure 2). We observed that ignition was most likely
to occur in samples of dry litter, which indicates that
some surface fires were a direct result of the
Chicxulub impact. Living plant matter was more
resistant to ignition; these samples tended to undergo
water evaporation and/or pyrolysis reactions, leaving
them dried and, in some cases, charred (e.g. Figure
2a and 2d). Such effects are likely to have increased
the potential for tree mortality, as well as ignition
through natural mechanisms in the days/months that
followed the impact.

4. Summary and Conclusions

We conclude that some wildfires were ignited by the
impact fireball and ejecta re-entry, but that fires were
not ignited globally as a direct and immediate result
of the Chicxulub impact. The desiccation of flora by
ejecta re-entry in the downrange direction of impact,
as well as the effects of post-impact global
cooling/darkness, probably left much of the terrestrial
flora susceptible to necrosis and post-impact fires.
Our results are consistent with the observational data,
including the global soot record [1], the presence of
fungal and fern spores at K-Pg boundary sites [7],
and the charcoal record in North America [5].
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