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Abstract: Based on the paper by Pan et al., on the early Earth >4.2 Ga with
limited exposed land areas, coupled with an ice covered ocean, lightning
could have been rare. This presents a conundrum because lightning is
considered to be an important energy source needed for the synthesis of
prebiotic compounds required for the origin of life. Lightning occurrence
during eruptions on wide spread volcanic islands coupled with their
associated release of reduced gases provides a solution.
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Pan et. al.1 recently reported that lightning is rare over the oceans
because of sea salt spray interactions. The sea salt caused depression of
lightning is reflected in the average global lightning2 of 44 + 5 flashes/sec
(fis-1), with the land/ocean occurrence being 10:1. However, on erupting
volcanic islands, lightning can be much more intense. For example, the
huge eruption on January 15, 2022 of Hunga Tonga-Hunga Ha‘apai, a
submarine volcano 65 km (40 mi) north of Tongatapu on Tonga’s main
island, produced enormous volcanic lightning3 with a stunning >400,000

flashes in total, with 200,000 flashes (56 fl S-1) during the most active hour!

Continental, island and coastal regions constitute 88% of the total
global lightning on the modern Earth4. However, in the Hadean eon (>4.2
Ga) there was likely only a limited amount (~20%) of exposed sub-arial
continental area5. The Hadean was thus truly a ‘water world’. If the same
sea salt caused interference existed then, global lightning could have been
significantly less than today. Also, because of reduced solar luminosity,
the early oceans could have been ice covered6. Lightning over the Arctic
and Antarctica today is infrequent’. Thus, it’s possible there was a
significantly reduced level of overall global lightning on the early Earth.



This presents a conundrum: Lightning is considered to have played a
role in the synthesis of organic compounds considered essential for the
origin of life8. If lightning on the early Earth was relatively rare, this could
in turn have limited the production of prebiotic organic compounds.
However, there were likely sub-arial volcanic islands present where lighting
would have been common®. As shown above, the Hunga Tonga-Hunga
Ha’apai eruption had a peak fl-2 somewhat greater than that over the
entire Earth during its most vigorous hour of the eruption. The occurrence
of volcanic island lightning scales with the island size9, with the maximum

being in the 102 to 103 km2 range, perhaps similar to those on the early
Earth.

The island volcanoes also would have expelled water and reduced
gases such as carbon monoxide, hydrogen sulfide and hydrogen10,11,
With the ash, water, reduced gases and lightning, important prebiotic
reagents such as hydrogen cyanide, phosphide, aldehydes and ketones as
well as some complex compounds could have been generated8.12. The
discharged water would have produced lakes, pools and ponds on
volcano flanks12. These prebiotic reagents would have been rinsed off by
precipitation and accumulated in these water reservoirs. There, with
periodic evaporative concentration, prebiotic syntheses would have taken
place, producing important compounds such as amino acids and
nucleobases8;12,

Volcanic islands today tend to be short-lived.13  Whether this was
the case on the early Earth is unknown. Nevertheless, eventually the
accumulated prebiotic products would have rinsed off into the oceans
during island subsidence. There, further prebiotic molecular evolution
could have taken place. Where and when the emergence of life took place
in this scenario requires further refinement of the underlying mechanisms
and processes. But one thing is certain: “Thunder is good, thunder is
impressive; but it is lightning that does the work. Mark Twain”.



. Pan, Z., Mao, F, Rosenfeld, D, et. al., "Coarse sea spray inhibits
lightning." Nature Communications 13.1, 1-7 (2022).

. Christian, H. J., Blakeslee, R. J., Boccippio, D. J., et. al., Global
frequency and distribution of lightning as observed from space by
the Optical Transient Detector. J. Geophys, Res.: Atm., 108(D1),
ACL-4 (2003).

. Yuen, D. A, Scruggs, M. A., Spera, F. J., et. al., “Under the surface:
Pressure-induced planetary-scale waves, volcanic lightning, and
gaseous clouds caused by the submarine eruption of Hunga Tonga-
Hunga Ha'apai volcano.” Earthquake Res. Adv., 100134 (2022).

. Williams, E., Chan, T., Boccippio, D., Islands as miniature continents:
Another look at the land-ocean lightning contrast. Journal of
Geophysical Research: Atmospheres, 109(D16) (2004).

. Korenaga, J., “Was There Land on the Early Earth?” Life https://
doi.org/10.3390/life11111142 (2021).

. Bada, J. L., Bigham, C., Miller, S. L. “Impact melting of frozen
oceans on the early Earth: implications for the origin of life.” Proc.
Nat. Acad. Sci., 91(4), 1248-1250 (1994).

. Holzworth, R. H., Brundell J. B. et. al. "Lightning in the Arctic."
Geophys. Res. Lett. 48, no. 7: e2020GL091366 (2021) and Yang
Chen per, comm.).

. Bada, J. L. “New insights into prebiotic chemistry from Stanley
Miller's spark discharge experiments” Chem. Soc. Rev., 42(5),
2186-2196 (2013).

. Yuen. D., Scruggs, M. A., et. al., Under the surface: Pressure-
induced planetary-scale waves, volcanic lightning, and gaseous
clouds caused by the submarine eruption of Hung-a Tonga-Hunga
Ha'apai volcano, Earthquake Res. Adv., 2(3), (2022),

10.Bada, J. L., Korean, J. “Exposed areas above sea level on Earth >3.5

Gyr ago: Implications for prebiotic and primitive biotic chemistry."
Life 8.4, 55-64 (2018).

11.Hess, B. L., Piazolo, S., & Harvey, J. (2021). Lightning strikes as a

major facilitator of prebiotic phosphorus reduction on early Earth.
Nature Comm,, 12(1), 1-8.

12.Prosdocimi, F., Torres de Farias, S., José, M. J., "Prebiotic chemical

refuge: multifaceted scenario for the formation of biomolecules in
primitive Earth." Theory in Biosciences (2022): 1-9.


https://doi.org/10.3390/life11111142
https://doi.org/10.3390/life11111142

13.Kimberly L., J., "Hotspot swells and the lifespan of volcanic ocean
islands." Sci. Ad. 6.1: eaaw6906. (2020.

Acknowledgments: | thank Steve McNutt, Melissa Scruggs, and
Robert Holzworth for helpful comments and suggestions. Canon E. J.
Vossen for pointed out the Mark Tain quote.

Figure: A small eruption of Mount Rinjani, with volcanic lightning on the island of
Lombok in Indonesia. Photo credit: Oliver Spalt, Taken from Wikimedia Commons.



