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Recent observational and experimental investigations have significantly advanced our understanding of
the structure and constituent materials of the deep Earth. Yet, even fundamental properties intimately
linked with formation and evolution of the planet, such as details of the chemical heterogeneity in the
mantle and light elements dissolved in the core, remained unclear. Seismological evidence has suggested a
vigorous convection in the lower mantle, whereas geochemistry has suggested the presence of stable
regions there that hold ancient chemical signatures. The amounts of radioactive isotopes that act as
heat sources and drive dynamic behaviors of the deep Earth are also still largely unknown. We provide an
opportunity to exchange the achievements and ideas, and encourage persons who try to elucidate these
unsolved issues of the core-mantle evolution using various methods, including high-pressure and high-
temperature experiments, high-precision geochemical and paleomagnetic analyses, high-resolution
geophysical observations, geo-neutrino observations, and large-scale numerical simulations. Since this
session is co-sponsored by geomagnetism, paleomagnetism and rock magnetism division of the SGEPSS,
contributions in geomagnetism and geodynamo simulation are also encouraged.
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The Earth has an intrinsic magnetic field. Paleomagnetic studies suggest that the geomagnetic field has
been sustained over 3.5 billion years [e.g., Biggin et al., 2015], and studies of the thermal history of the
Earth suggest that the inner core grows to the current size in the last billion years [e.g.,
O&rsquo;Rourke &Stevenson, 2016]. The magneto-fluid convection driven by thermal and compositional
buoyancy in the outer core is thought to cause geodynamo. While characteristics of magneto-fluid
convection have been investigated in detail for the present radius ratio r,/r,=0.35, there have been few
simulations for the settings of r./r, <0.35, which correspond to the environment of the past Earth. It is
important to investigate the dynamo process occurring under the settings of r,/r_ <0.35, so as to
examine conditions of the past Earth. Using the numerical dynamo open source code Calypso [Matsui et
al., 2014], we perform a series of numerical simulations of the thermal convection and dynamo with the
smaller inner core settings than the present inner core. To investigate the characteristics of the
convection for dynamo process, we focus on the dependence of dynamo properties on the Rayleigh
number, Ra, which is a parameter related to buoyancy, or a driving force of convection. Only Ra is
treated as a variable and the other control parameters, the Ekman number E, the Prandtl number Pr, and
the magnetic Prandtl number Pm are fixed to be E= 107, Pr=1, and Pm = 5, respectively.
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In previous dynamo simulations, the property of Ra around the onset of dynamo action has been revealed
for various radius ratios [Heimpel et al., 2005]. The tendency of the dynamo action has also been
investigated by previous studies in the present ratio r,/r, = 0.35 [Christensen and Aubert, 2006], but
the behavior of dynamo with Ra has not been fully understood with the smaller inner core. We perform
dynamo simulations with a range of 1.9 Ra_,, <Ra <9.7 Ra_,, where Ra_,, is the critical Rayleigh number,
and with the aspect ratio r,/r, = 0.15, 0.25, and 0.35, to quantitatively understand the tendencies with
the smaller inner core. The results with r./r, = 0.25 show that the sustained dipolar dominant dynamo
occurs just above the onset of the dynamo action. In the case with larger Ra than that for the dipolar
regime, non-dipolar components of the magnetic field is sustained. Finally, dynamo failed in the case
with Ra >8.1 Ra_... The simulation results reveal that the magnetic energy density is largest at the
dynamo onset, and becomes smaller at larger Ra. This implies that dynamo is not likely to be sustained in
intense convection under the assumed setting. The results of r,/r_, = 0.25 and 0.35 imply that the
revealed tendency revealed by the present study can be applied to r/r, = 0.15. Comparing the simulation
results in the same Ra/Ra_..(= 3.6), the magnetic dipole moment becomes smaller with the smaller inner
core. This suggests a possibility that the convection favorable for the dipolar dominant dynamo is
difficult to occur with the smaller inner core. We also find that the Ra range of the dipolar dominant

crit’

crit

cases becomes narrower with the smaller inner core, implying that Ra was very selective at the past
Earth. To interpret the simulation results with the real physical quantities, the average temperature
difference between the core-mantle boundary and the inner core boundary, &Delta, T, is estimated.
&Delta;Tin r,/r, = 0.25 is larger than that in r,/r, = 0.35, so required buoyancy to sustain a dipolar
dominant dynamo is larger with the smaller inner core.
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