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The recent recurrence papers track where Earth's magnetic weak spots appear, how they move, and how often they come back. They stop there. None of them asks the question that matters to anything alive: what happens on the surface while the shield is down?
That question has an answer, and the answer is not speculative. The magnetic field is a shield against the Sun. When it weakens, more of the Sun's energetic particles reach the atmosphere. That is measured directly, every time, in the radioactive carbon and beryllium those particles leave behind. The particles break down the ozone layer, more ultraviolet reaches the surface, and ultraviolet damages the organisms at the base of the food web that produce about half of Earth's oxygen.
This paper lays that chain out link by link, shows it firing in each weakened-field window the record can date, and sets it against what is happening over the South Atlantic now. Saying "it has happened before" is not reassurance. It is the evidence.
The shield and the chain of cause
The magnetic field does not block sunlight. It blocks charged particles: the solar wind, the bursts of high-energy protons the Sun throws off in solar particle events, and cosmic rays from deep space. It steers them toward the poles, which is why auroras normally stay at high latitudes. The ozone layer is what blocks ultraviolet light. The magnetic field protects the ozone layer.
So the causal chain runs like this, and every link is established on its own:
1. The field deflects charged particles from the Sun and from space. This is the job of the field, and it's why satellites passing through the South Atlantic Anomaly today take radiation hits the rest of their orbit doesn't.
1. When the field weakens, more particles get in, and at lower latitudes. During Laschamps the field fell to about 10% of today's strength, and modeling shows the auroral zone spreading over Europe and northern Africa, with large areas exposed to solar and cosmic radiation (Mukhopadhyay et al., 2025).
1. The extra particles are measured, not inferred. Cosmic rays striking the atmosphere make carbon-14 and beryllium-10. During Laschamps, beryllium-10 production ran at about twice the normal rate (Panovska, EGU 2024, via Universe Today), and ocean radiocarbon rose to about 1,215 per mil above normal (Radiocarbon, 2000). These are dosimeter readings of the shield failing.
1. The particles destroy ozone. Incoming particles produce nitrogen and hydrogen oxides that break down ozone. A 2024 PNAS study modeled an extreme solar particle event under weakened fields and found reduced stratospheric ozone and elevated harmful UV at the surface; with no field at all, the authors warn of significant UV-driven damage to DNA (Arsenović et al., 2024).
1. More UV reaches the surface and the sea. That UV falls on everything exposed to sunlight, including the microscopic plants that make much of the oxygen in the air.
The Sun is the agent. The field is the shield. Take the shield down and the Sun does the damage. That is an indirect cause, but it is a physical one, and each step is documented.
What comes through
Sunlight's ultraviolet comes in bands, and ozone handles them differently:
· UV-C (the shortest, most dangerous) is absorbed completely high in the atmosphere.
· UV-B (280–320 nm) is the band ozone controls. As ozone thins, UV-B at the surface rises sharply. This is the band a weakened field lets through.
· UV-A (320–400 nm) passes through ozone largely unchanged whether the layer is thick or thin (Smith & Baker, Oceanography). Ozone loss doesn't raise it, but it is already doing harm: it measurably inhibits photosynthesis in marine plankton (Cullen et al., 1992).
So the harm stacks. UV-A is a constant load that ocean life already carries. A weakened field adds UV-B on top of it, and UV-B does more damage per unit of light than UV-A does.
This is not an abstraction tied only to the deep past. Researchers at the University of Bergen state the chain plainly: modeling indicates that the field's decline before Laschamps raised surface UV-B, driving climate shifts, vegetation change and even extinctions. They are now reconstructing that UV-B directly from chemical changes in fossil pollen (Laschamps-UV project).
The ocean: where the damage lands hardest
Phytoplankton are microscopic drifting plants in the sunlit top of the ocean. They are the base of the marine food web, and they produce roughly half of all the oxygen made on Earth each year. NOAA puts the ocean's share at about half; some estimates run higher, up to 50–85% (NOAA Ocean Service; EarthSky). One cyanobacterium alone, Prochlorococcus, produces up to about 20% of the oxygen in the biosphere, more than all tropical rainforests combined. Every second breath you take traces back to them.
They live where the UV is. To photosynthesize, they have to stay in the top layer of water where light reaches, and UV-B penetrates more than 50 meters into clear Antarctic water (Australian Antarctic Division study). They can't hide from it the way land animals can.
The damage has been measured in our own lifetimes. When the Antarctic ozone hole opened, it became a live experiment in exactly this mechanism:
· Field measurements found the extra UV-B cut phytoplankton productivity in Antarctic waters by at least 6–12% (Smith et al., 1992, reported in Christian Science Monitor, 1993).
· Laboratory modeling found the ozone hole could reduce near-surface photosynthesis by 12–15%, and that UV-B is even more damaging than UV-A, which already inhibits photosynthesis on its own (Cullen et al., 1992, Science).
That damage came from ozone loss over one region, for a few months each spring. A weakened magnetic field thins ozone through a different trigger, but the result at the water's surface is the same: more UV-B on the organisms that make the oxygen. During Laschamps the shield was down to a tenth of its strength across the whole planet for centuries, not one season over one continent.
The ozone-hole studies also show the system has some give. Phytoplankton make protective compounds, and losses in one region are partly offset elsewhere, so short local damage doesn't automatically become global collapse. What decides the outcome is scale: how much of the ocean is exposed, for how long. That is exactly what a weakened field changes.
When it recurs: what happened in each window
Every time the record lets us date a weakened field well, two things show up: a measured surge of radiation into the atmosphere, and upheaval on the surface.
	Window
	When
	Shield signal
	What happened on the surface

	Blake
	~112,000–116,400 years ago
	Field-strength low ~114,500–113,000
	Sharp cooling recorded in every proxy in a Spanish cave formation; the last warm interglacial ends; local glaciation follows

	Post-Blake
	~95,000–105,000 years ago
	Long global field low, ~125,000–95,000
	Continued slide into glacial cold

	Norwegian–Greenland Sea
	~64,500 years ago
	Excursion
	Deep in the cold stage that followed the Toba supereruption

	Laschamps
	~40,300–42,200 years ago
	Field ~10% of today; beryllium-10 doubled; radiocarbon +1,215 per mil
	Auroras over Europe and North Africa; Campanian super-eruption; Heinrich event 4; Neanderthal culture ends across Europe

	Mono Lake
	~33,500–34,500 years ago
	Radiocarbon +550 per mil
	Smaller field dip, smaller radiation surge

	Rockall
	~26,000 years ago
	Excursion (debated)
	Oruanui supereruption in New Zealand; onset of the Last Glacial Maximum

	Hilina Pali
	~17,000–18,500 years ago
	Excursion (debated)
	Heinrich event 1 follows

	First-millennium weak spot
	1–850 CE
	Regional anomaly
	Late Antique Little Ice Age (536–660 CE); Justinian plague


Laschamps: the shield down, and everything at once
Laschamps is the clearest case because it is the deepest collapse and the best dated. Over roughly 2,000 years the field weakened, tilted, and for about 300 years flipped direction before recovering. Inside that window:
· The shield failed measurably. Beryllium-10 production doubled (Panovska, EGU 2024) and ocean radiocarbon surged to +1,215 per mil (Radiocarbon, 2000).
· The radiation reached low latitudes. The auroral zone and exposure to solar and cosmic radiation spread over Europe and northern Africa (Mukhopadhyay et al., 2025). That same study links the event to a rise in cave habitation and possible use of tailored clothing for protection among early modern humans.
· The atmosphere shifted. Cooper and colleagues dated the event with New Zealand kauri tree rings and modeled the field minimum driving ozone loss and synchronous climate and environmental change worldwide (Cooper et al., 2021).
· The largest eruption in Mediterranean history fired. The Campanian Ignimbrite in southern Italy, 39,850 ± 140 years ago, at the onset of Heinrich event 4 (Giaccio et al., 2017).
· The climate lurched. Heinrich event 4, one of the most severe iceberg-discharge cold events, ~37,500–39,900 years ago (Bukar et al.).
· The Neanderthals disappeared. Their Mousterian culture ended across Europe between 41,030 and 39,260 years ago (Higham et al., 2014).
A species that had survived in Europe for hundreds of thousands of years vanished in the same window in which the shield collapsed, radiation reached the mid-latitudes, ozone thinned, the climate broke and a super-eruption hit. That convergence is what the recurrence papers leave out.
Blake: cooling at the moment of the field low
The Blake record comes from a stalagmite in Cobre cave, northern Spain, dated by uranium–thorium rather than by matching it to climate curves. When field strength hit a sharp low between ~114,500 and ~113,000 years ago, every climate proxy in the stone recorded a significant cooling. Shortly after, the formation stopped growing for about 11,000 years as glaciation set in (Cobre cave study, 2014). In Germany, Blake falls in the early last interglacial and lasted about 3,400 years (Sier et al., 2011).
Mono Lake: the dose scales with the dip
Mono Lake was a shallower dip than Laschamps, and its radiocarbon surge was about half as large, +550 per mil against +1,215 (Radiocarbon, 2000). The weaker the shield, the more gets through. The record shows that proportion directly.
Rockall and Hilina Pali
If Rockall was a real global event, its window holds the Oruanui supereruption at Taupo, New Zealand, 25,360 ± 160 years ago (Vandergoes et al., 2013), confirmed in Antarctic ice at 25,580 ± 258 (Dunbar et al., 2017), early in the Last Glacial Maximum. Heinrich event 1 follows the Hilina Pali window. Both excursions are debated (see the last section).
The first-millennium weak spot
The 2026 recurrence paper itself identifies a weak spot from 1 to 850 CE. Inside it sits the Late Antique Little Ice Age, 536 to about 660 CE: an unprecedented cooling across the Northern Hemisphere after eruptions in 536, 540 and 547 CE, sustained by ocean and sea-ice feedback and a solar minimum, with the Justinian plague sweeping the Mediterranean in 541–543 (Büntgen et al., 2016). The recurrence paper maps the weak spot and is silent on what happened beneath it.
Now: an open window over the South Atlantic
The concern here is not a pole reversal. It is a weakened field caused by the geometry and position of the dipole itself. The author's own simulation shows that the dipole in its present position alone leaves exposed field over the South Atlantic region, before any surface complexity is added (simulation DOI to be added).
The satellite record shows that region getting worse, not better:
· The South Atlantic Anomaly grew by roughly half the area of continental Europe between 2014 and 2025 (Finlay et al., 2025).
· The part southwest of Africa has been weakening faster since 2020, and the anomaly is splitting into separate lobes (same source).
· The global field is roughly 9% weaker than in the 1840s (approximate).
The anomaly sits over the South Atlantic Ocean, which is phytoplankton habitat. The chain described above doesn't need a global excursion to start working. It needs a weak shield over living ocean when the Sun throws an extreme particle event, which it does without warning. The 2024 PNAS study is explicit that the effects of an extreme solar particle event depend on field strength (Arsenović et al., 2024), and a newer study by the same group is now testing it under a realistic, uneven field geometry rather than an idealized no-field case (Arsenović, 2026 conference abstract).
Today's field is still far stronger than it was at Laschamps. The point is not that we are at Laschamps. The point is that the papers telling us the weak spot is a normal, recurring feature never mention what that feature does to what lives beneath it.
What remains open
The radiation chain above is physics, and it stands on its own. Three things are less settled, and they are stated here once so a reader can weigh them rather than be ambushed by them.
· Volcanism. UV and particles don't trigger eruptions. The Campanian and Oruanui supereruptions land in weakened-field windows, but no established mechanism links the field to volcanism. Either it is coincidence, or it runs through a pathway not yet identified. It is reported here because it is in the record, not because the solar chain explains it.
· Debated excursions. Southern Ocean cores show no trace of Rockall, Hilina Pali or Tianshui (Nowaczyk et al., 2025). The case rests on Blake, Laschamps and Mono Lake, which are not in dispute.
· How tightly events are dated to the field. Some sediment excursion ages are fixed by matching cores to ice-core climate records (Liu et al., 2020), and researchers have asked whether climate can leak into paleointensity records (Channell et al., 2008). The strongest evidence here avoids that problem: the cosmogenic isotope spikes, the argon-dated eruption and the uranium–thorium-dated Blake cooling.
The spacing of recent excursions, about 8,000 years, also echoes the 7,000–9,000-year rhythm of Heinrich climate events (Britannica). Some researchers already propose that field lows come just before abrupt climate events (Yang et al., 2004). Testing that against independently dated records alone is the next step.
None of these open questions touches the core finding. When the shield weakens, more of the Sun's particles get in, the ozone thins, UV-B rises, and the organisms that make half of Earth's oxygen take the hit. The recurrence papers document the weakening. They leave out everything that follows.
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