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            Abstract
Reversals of the Earth's magnetic field reflect changes in the geodynamoâ€”flow within the outer coreâ€”that generates the field. Constraining core processes or mantle properties that induce or modulate reversals requires knowing the timing and morphology of field changes that precede and accompany these reversals1,2,3,4. But the short duration of transitional field states and fragmentary nature of even the best palaeomagnetic records make it difficult to provide a timeline for the reversal process1,5. 40Ar/39Ar dating of lavas on Tahiti, long thought to record the primary part of the most recent â€˜Matuyamaâ€“Brunhesâ€™ reversal, gives an age of 795 Â± 7â€‰kyr, indistinguishable from that of lavas in Chile and La Palma that record a transition in the Earth's magnetic field, but older than the accepted age for the reversal. Only the â€˜transitionalâ€™ lavas on Maui and one from La Palma (dated at 776 Â± 2â€‰kyr), agree with the astronomical age for the reversal. Here we propose that the older lavas record the onset of a geodynamo process, which only on occasion would result in polarity change. This initial instability, associated with the first of two decreases in field intensity, began âˆ¼18â€‰kyr before the actual polarity switch. These data support the claim6 that complete reversals require a significant period for magnetic flux to escape from the solid inner core and sufficiently weaken its stabilizing effect7.
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                    Figure 1: 40Ar/39Ar age spectra and isochrons from lavas TT, RIT and RIV in Punaruu Valley, Tahiti.[image: ]


Figure 2: Virtual Geomagnetic Poles (VGPs) and paths of four lava sequences that record transitional directions between 795 and 775â€‰kyr ago.[image: ]


Figure 3: 40Ar/39Ar ages of 23 transitionally magnetized lava flows and palaeointensity records from 12 marine cores25.[image: ]
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