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Introduction:  It  is  proposed  that  the  molten  core
plays an extraordinally important role in Earth’s hab-
itability by generating the magnetic field, which pro-
tects  the  complex  lifeforms  from  the  harmful  solar
UV radiation. 
It  is believed  that  the absence  of  dynamo-generated
magnetic  field on Venus is due to the lack  of plate
tectonics (PT)  [1]. For massive rocky planets, an en-
tirely  core-cooling  driven  dynamo  can  operates  in
planets  more  massive  than  3 (M)  but  only  if  they
have  PT  [2].  However,  these  massive  rocky planets
have  a  relatively  weak  dynamo,  depending  on  the
mass and the surface temperature. Planets larger than
2-2.5 M  do not develop solid inner cores. In the mass
range between 2-3 M  rocky planets will not be able
to  maintain  long-lived  dynamo,  it  can  only  operate
within  several  billion  years.  1-2  M   rocky  planets
with PT can sustain a dynamo by core cooling before
inner  core  formation to several  gigayears  yielding  a
sharp increase in the strength of the planet’s magnetic
field. 
I found that rocky planets need to have more require-
ments  to  able  to  host  complex  life  as  expected.  An
Earth-like  habitable  world,  being  a  cored  rocky
planet, is necessary to have a favorable mantle struc-
ture and mineral composition. The formation of a fa-
vorable  mantle  structure  is  likely  depends  on  more
factors, thus on relative size of the core, the core ra-
dius fraction (CRF).  
The outermost  zone  of  the  core  and  the  D” region,
which  is  an  important  thermo-chemical  boundary
layer in the mantle,  play a critical role in the Earth's
evolution [3].  The source of the large mantle plumes
has been assumed to be in the D”region due to the de-
veloped thermal instabilities  [4].  Accordinghly, it has
been assumed that  an optimally developed D”region
in the rocky planetary interior may have a favorable
impact on the geological conditions and the criteria of
plate  tectonics,  which support  the  development  of a
complex biosphere with high biodiversity. 
Medium- and small  -sized  metallic  cores  have  been
calculated for rocky planets with masses between 0.9-
3 M focusing on those geological and mineralogical
conditions,  which  can  be optimally  favorable  to  the
formation  of  an  Earth-like  character.  This  study  is
based partially on the importance of being a determin-
ing role of deep mantle D” region in efficient mantle
dynamics.  

Model: The  model  planets  has  been  calculated  to
having  mantles  with  Earth-like  composition  and
metallic cores composed entirely of Fe. They have no
significant water and iron content in the mantle. The
mineral  compositions  of  the  mantle  are  being  mod-
eled taking into account the relevant thermodynamic
parameters of the olivine with its high-pressure poly-
morphs:  wadsleyite  (wdl)  plus  ringwoodite  (rwd)  in
the upper mantle; MgSiO3 pv (perovskite) + Mw mag-
nesiowustite)  and  ppv  (post-perovskite)+Mw  in  the
lower mantle. For simplicity, the metallic cores mod-
eled by hcp – phase of Fe in all planet model.
The  utilized  zero-pressure  densities  of  hcp  -  Fe1 ,
MgO2 ,  ppv3 ,  pv4,  wdl/rwd5   and olivine6  are 8.2551

[5], 3.677272 (calculated for MgO by the data of Stra-
chan et al. 1999) [6], 4.273  [7]  , 4.1524  [8]  , 3.6445 [8]
,  and 3.3476  [8] g cm3.  Vinet EOS [9, 10] has been
used for computing the material properties in the up-
per  mantle  and  in  the  pv  belt  in  the  lower  mantle.
Murnaghan equation of state [11] is being applied to
calculate the pressure/density relation in the ppv belt. 
In  the  core-mantle  boundary  (CMB)  region  of  the
Earth’s  lower  mantle,  the  MgSiO3 pv   ppv phase
transformation at   2700 km depth matches the loca-
tion of D” seismic discontinuity.   
As planet mass increases, the VF (volume fraction) of
lower  viscosity  region  of  the  mantle  is  also  grow.
While VF of the D” region decreases with decreasing
planet mass. 
Optimal  sizes  of  planetary  cores  for  Earth-like
habitability:  For small-Earth-sized planets, consider-
ing  that  driving  forces  of  PT  are  weaker  than  on
Earth,  tectonic  plates  may  became  stronger  in  a
shorter period of time for the case of more rapid cool-
ing a smaller  sized core due to that  the mantle  also
cool faster.  Otherwise,  a relatively slight decrease in
core  size  reduces  to  a  greater  extent  the  optimal
strength of magnetic field compared to super-Earths.
A significant  decrease  in core size results in the in-
crease  of  mantle  thickness  with  elevated  viscosity
contrast  (r),  which  can  cause  convective  shutdown,
leading to the stagnant-lid style of convection (mostly
for Mg/Si ratios  < 1-1.2). The hot mantle being iso-
lated may prevent the effective core cooling and the
operation of dynamo process, yielding a much weaker
magnetic field around the planet. 
It  is  proposed  that,  the  iron-cored  HZ-super-Earths
with masses ranging from   1-3 M may be able to
host complex life if they have favorable bulk silicate
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planet (BSP) composition and an optimal size of their
cores.  It  has  also  been  suggested  that  rocky planets
with Earth-like  bulk silicate  composition and Earth-
like  CMF (0.3259) may harbor terrestrial-type  com-
plex biosphere above a limited planet mass, which is
calculated to be  ~ 0.915 M (Fig.1) under conditions
yielding from this model.  For an Earth-like habitabil-
ity,  rocky planets  slightly less than Earth are  neces-
sary to have a medium-sized core, which is similar in
mass fraction  to that  of Earth.  Considering  the geo-
physical, geological and compositional conditions, the
small Earth-sized rocky planets with Earth-like CMF
and masses ranging from 0.95 - 1 M  (Fig.2),  while
the low-mass rocky super-Earths with masses ranging
from 1 – 2 M  can be the most favorable planets for
harboring  complex  photosynthetic  biosphere  with
high biodiversity. 

Figure 1.  The minimum (denoted by blue stars) and
maximum limits (indicated by green squares) of core
sizes has been shown for rocky planets with masses
ranging from 0.9-1 M . The minimum CMFs for su-
per-Earths (1 – 3 M ) are also being denoted by blue
stars,  while  magenta  squares  indicate  the  smallest
core mass fractions for efficient  mantle  dynamics in
case  of  a  magnesium-rich  mantle  (Mg/Si  =  2).  The
maximum  (0.3739  -  yellow  square)  and  minimum
(0.039 - yellow star) CMFs of an optimal geodynam-
ics for Earth have also been calculated for compari-
son. 

Conclusion: In  terms  of  this  model,  those  small-
earth-sized rocky planets may have Earth-like charac-
ter, which have a CRF smaller than the depth of pv-
ppv  phase  transition.  It  is  suggested  that  optimal
CMFs  for  Earth-like  habitability  can  not  be  much

smaller than an Earth-like value owing to the higher
viscosity contrast between the uppermost mantle layer
and deep mantle. 

Figure  2.  The  interior  structures  of  a  0.9,  a  0.95
Earth-mass planet and the Earth. All planets have an
Earth-like  CMF.  The  0.95  Earth-mass  planet  may
have  even  favorable  conditions to  host  a  terrestrial-
type complex biosphere.

The low efficiency of convection cooling of the man-
tle can hinder the cooling of the core and to develop
dynamo generation of planetary magnetic fields. The
variations  of  mineralogical  composition  my  signifi-
cantly affect  the mantle  dynamics,  the conditions of
PT.  Consequently,  the  planetary  mineralogy  plays  a
key role  in  the  efficiency  of  magnetic  dynamo pro-
cesses. Moreover, the mantle mineralogy has a major
impact on the optimal core size for the Earth-like hab-
itability. 
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