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Geodynamo and Mantle Dynamics
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Abstract

0 O Recent progress of numerical simulations on the dynamo process in the core and the mantle
convection provides a clue to understanding the origin of global variations of the Earth system
during the last 150 Ma, in which long-term variations of geomagnetic reversal frequency and
mantle activity are closely related in time. Recent MHD dynamo simulations suggest that the
increase of the total heat flow through the CMB changes the geodynamo from stable dipolar dy-
namos to unstable multipolar dynamos, and on axially symmetric and equatorial symmetric pat-
tern of heat flux produces stable dipolar dynamos. Numerical modelings of mantle convection in-
dicate 3 convection regimes, whole-mantle, intermittent, and 2-layer convections, in a parameter
space of the Rayleigh numbert] RalJand the Clapeyron slope] dP/dTof the phase transition at a
depth of 660 km. In the intermittent convection regime, the convection vacillates between whole-
layer and the 2-layer regimes, and the surface and CMB heat flows fluctuate with time. The
global variation of the Earth system might be attributed to this intermittent convection mode of
the present Earth. However, the apparent out of phase variation of the total heat flow through
the CMB inferred from the reversal frequency and the mantle activity requires some mechanism
for the phase shift of the variations..
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Fig. 1 Global variations of the Earth system observed during the last 150 million

years.

High latitude surface temperature, sea level, production rate of oceanic crust, and
geomagnetic reversal sequence are shown from the top to the bottom. According to

Larson] 199101
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Fig. 2 Modes of the mantle convection] whole-layer
convection, two-layer convection, and inter-
mittent convection(Jin a parameter space of
the Rayleigh numbeif] RalJand the Clapeyron
slopel] dP/dTO of the phase transition at a
depth of 660 km.
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Fig. 3 Results for intermittent convection mode.
Ral 7x 10%, dP/dTO O 6 MPa/K. Calculated time series of the surface and CMB heat flow
for about 700 million years. Variation of kinetic energy of the whole mantle is also shown.
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Fig. 4 Temporal variations of the temperature at the depths around the mantle
transition zone.

The variations at the bottom of the upper mantle[] top( and the top of the lower

mantld] bottomUare in opposite sense with each other.
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the Convection Pattern and the Surface and CMB Heat Flow during One Cycle of the
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Temporal variations of the surface and CMB heat flows are shown in the graph at the center. Both the heat flows varies in phase.
5 panels surrounding the graph show the convection pattern atl] 10t 400 Ma/] 20t 450 Ma/] 30t 500 Ma[l 400t 550 Ma,
and] 600600 Ma. In each panel, lateral temperature distributions of the surface layer] top[], 660 km depth] middle[], and bottom
layert] bottom[Jare shown to the left and a cross section of the temperature distribution is shown to the right.
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