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ABSTRACT

The present day geomagnetic field is characterized by a region of weak magnetic field intensity, the so-called South Atlantic Anomaly

(SAA). We investigate whether lower mantle thermal heterogeneity (see

right frame) may explain the location of the SAA. We run numerical

dynamos with heterogeneous core-mantle boundary (CMB) heat flux inferred from mantle tomography, varying internal control parameters
and the CMB heterogeneity amplitude. Histograms of the longitude of surface intensity minima show persistent locations. The latitude
histograms show southern tendency due to north-south asymmetry of magnetic flux. However, the SAA latitude is larger than that of the

surface intensity minima in the dynamo models.
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ROLE OF REVERSED AND NORMAL FLUX

We explain the surface minima latitude with hemispherical asymmetry

(a) Case 8 b) Case 22 (c) Case 28

NS

NYS® VST

Black points are dynamo models snapshots. Colored diamonds and

circles represent the results for the geomagnetic field models gufm1
and CHAOSS, respectively.

(i) Lincar fit to dynawo snapshots is in agreement with geo-
magnetic field at most times, except for the last 30 years.

(ii) Evidence of anomalous present-day field at the Southern
Hemisphere.

SCALING LAWS
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of reversed and normal flux.

® Afopin - The weighted averaged latitude of the intensity minima.

e S’ the portion of Southern Hemisphere reversed flux contri-
bution to ADM normalized by the reversed flux over the entire
CMB.

e NV - the portion of Northern Hemisphere normal flux contri-
bution to ADM normalized by the normal flux over the entire
CMB.

e When the distributions of the two types of fluxes are balanced
(NN SE = 0.25) the surface intensity minima are at the equator
Abmin = 0)-

e More reversed flux in the southern hemisphere and more nor-
mal flux in the northern hemisphere gives more southern surface
intensity minima.

tensity minima peaks. Middle: Longitude of Western peak of local

minima of surface intensity. Right: Persistent latitude of intensity minima versus the typical height hy . Black circles are dynamo models,

red diamonds are geomagnetic field models.
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heterogeneity are increased.
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CORE-MANTLE COUPLING

Thermal core-mantle interactions may affect the convection pattern
of the outer core and thus the morphology of the Earth’s magnetic
field?.

Weak B; (dispersion of field lines) Strong B, (concentration of field lines)

Stronger

heat flux

upwelling Downwelling

The SAA is related to prominent geomagnetic flux patches on the
CMB?, which may be mantle-controlled®?. Thus the SAA may also
be mantle controlled. We explore whether numerical dynamos with
a tomographic® CMB heat flux pattern can reproduce persistent
locations of surface intensity minima as observed in geomagnetic
field models.

RESOLUTION TEST

One possible reason for the discrepancy of latitude could be the
low resolution of archeomagnetic field models. We perform a res-
olution test with a modern field filtered to a resolution even lower
than archeomagentic field models.
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Filtered radial geomagnetic field model CHAOS5 in 2003 at the
CMB (left) and intensity at Earth’s surface (right) with local
intensity minima denoted by white diamonds. Spherical harmonic
degrees ng and 7,4, indicate the low-pass filtering limits

Test shows that equatorial location of surface minima is not
related to resolution issues.

FLOW AND OUTER BOUNDARY HEAT FLUX

Tangential divergence (left) and radial vorticity (right) at the top of
the free stream just below the Ekman boundary layer for a snapshot
of a heterogeneous dynamo model (a and b), time-average of the
same dynamo model (¢ and d) and time-average of a homogeneous
dynamo model (e and f).
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Mantle-driven upwelling below the SAA region (c).




