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MAMMOTH EXTINCTION AND RADIATION DOSE: A COMMENT1
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Recently, an article was published in this journal, discussing evidence for a solar flare cause of fau-
nal extinction during the Late Pleistocene (LaViolette 2011). The article is based on the hypothesis
that an increase in atmospheric radiocarbon concentration might have been produced by a giant
solar proton event (SPE). This proposed SPE would deliver a lethal radiation dose of at least 3–6 Sv
to the surface of the Earth, causing termination of the Pleistocene megafauna.

The article touches on many multidisciplinary aspects and thus-far unresolved scientific puzzles
around the Pleistocene/Holocene transition. It is certainly clear that abrupt changes occurred at this
time (Straus and Goebel 2011). One of these is the production of cosmogenic isotopes like 14C,
which does show a significant increase at the beginning of the Younger Dryas (YD) cold phase. The
14C record of this period as well as the preceding deglaciation is difficult to explain in terms of glo-
bal carbon cycle reorganizations, witness the name “mystery interval” (Broecker 2009). Recent
work has highlighted the importance of deep ocean ventilation (Skinner et al. 2011; Thornalley et al.
2011) as another possible cause of the 14C fluctuations. Another mystery still standing is the mass
extinction of megafauna, including its icon the woolly mammoth (Mammuthus primigenius). For
this, in particular, sometimes extraordinary theories have been suggested, the last one being the
impact of a meteor or comet (Firestone et al. 2007). This theory now seems negated (Pinter et al.
2011), only to be replaced by the next spectacular one, the SPE hypothesis.

The question is, could this occur? Extraterrestrial radiation indeed could in theory explain both addi-
tional 14C production and mass extinction. Hence the theory put forward by LaViolette (2011). This
is an interesting hypothesis that probably will spawn discussions on a variety of subjects. Here we
only comment on one significant aspect of the hypothesis: the killer radiation dose.

The estimated dose is stated as “at least 3–6 Sv to the Earth’s surface.” Indeed, that is a lethal dose.
For humans, a dose of 3 Sv is the so-called LD50 dose, or Lethal Dose 50%, meaning there is a 50%
chance of death if untreated within 60 days (ICRP 2007).

It is useful to note here that NASA has concerned itself for a long time with the possibility of lethal
SPE events in space. A large SPE event in August 1972, close to the time of the Apollo 17 mission,
had a fluence exceeding 5 × 109 protons/cm2. If astronauts had been in space at that time, they would
have received a lethal dose—some estimates put the estimated skin dose at around 15 Gy (Parsons
and Townsend 2000). However, at the surface of the Earth, at lower altitudes, we are shielded by a
factor of about 500 to 1000 from cosmic radiation. Hence, for a “killer” SPE, we would need a much
higher SPE flux of close to about 1012 p/cm2. LaViolette (2011) quotes an estimate that one or more
events of ~1.3 × 1011 p/cm2 could have occurred, based on the assumption that the 14C rise observed
at the beginning of the YD was caused by a large SPE event. We agree that his calculation is based
on a reasonable assessment of previous data about SPE effects on 14C, although there is consider-
able variation in these estimates (e.g. Usoskin et al. 2006).

1The illustration on this issue’s cover was drawn by J van der Plicht, and is meant to accompany this Comment.
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However, this immediately illustrates one crucial problem with the SPE hypothesis. If the radiation
is strong enough to extinguish mammoths, then the same argument holds for humans and other spe-
cies. At the least, this level of radiation would have caused a significant death toll among the human
population at the time. The only shielding possible could have been a large mass of rock. Most
humans did not live in these conditions. Someone in a cave could have survived, but only if at home.
There is no evidence at all for such a dramatic event in the archaeological record. In the case of the
human expansion in the New World, the majority view is that the population was expanding during
this time (Holliday and Meltzer 2010). Even in the case of a proposed declining population during
Clovis, the estimate is within a factor of 2 (Anderson et al. 2011).

The same is true for most mammals and other organisms. One could argue that the lethal SPE dam-
age is limited to the mammoth steppe and grasslands at higher latitudes. However, mammoths were
spread over a large range of latitudes (Agenbroad 1984). The key mystery about the end of the Last
Glacial is that many species, such as polar bears and reindeer, survived easily, but other species per-
ished (Martin and Klein 1984).

We conclude that even if an SPE had occurred, the dose rate could not have been high enough to
cause or significantly contribute to the demise of the megafauna. If there were such a massive event,
there would be nobody to discuss this interesting hypothesis. It is also worth noting here that not all
mammoths became extinct during the Late Pleistocene. Some survived the deglaciation in refugia
like the Pribilof Islands (Veltre et al. 2008) and in dwarf form on Wrangel Island (northern Siberia).
Veltre et al. (2008) dated mammoth remains at 6480–6640 cal yr BP. The dwarf mammoths of Wran-
gel Island survived longer, with the most recent specimen dated by 14C to about 4000 yr old (Vart-
anyan et al. 1995).
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