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A green fireball spotted during the 2025 Geminids

By Takuma Saitoh * and Hideyuki KAMAYA **

Meteors are iconic astronomical phenomena that capture significant public interest. Meteor showers, in
particular, allow for many sightings within a short window and are regularly forecasted in news and on social
media. Exceptionally bright meteors are classified as fireballs, originating from space debris ranging from
pebble to rock size. Any object shining brighter than Venus (magnitude -4 or less) is termed a fireball, whether
it vaporizes in the atmosphere or lands as a meteorite. Due to their intensity, they can sometimes be seen
during the day and may be accompanied by sonic booms or shock waves. A specific subset is the “green
fireball” phenomenon —long-lasting, green-tinted events. Numerous reports emerged from the American
Southwest in the 1950s, leading to military investigations like Project TWINKLE. While artificial origins were
ruled out, their physical cause remained obscure due to a lack of photographic evidence. Today, the ubiquity of
smartphones has brought renewed attention to these events. This study re-examines the luminous mechanisms
of green fireballs. Our analysis suggests that their origin is not a single process, but rather altitude-dependent:
High Altitude: At low atmospheric densities, excited oxygen molecules and atoms produce green emissions
similar to auroras. Low Altitude: Increased atmospheric density causes significant ablation. Nickel from iron
meteorites vaporizes and radiates strongly in the green spectrum. Furthermore, the recent observations of
distinct flickering suggest grazing fireballs —high-rigidity iron meteorites entering at shallow angles. We
conclude that green fireballs are likely grazing iron meteorites whose luminosity is driven by these dual
atmospheric and metallic processes.
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