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1. Introduction 

The confirmed exoplanets CoRoT-7b and Kepler-10b 

have motivated us to investigate their interior 

structure, thermal state, and tidal evolution. 

Comparable large mean densities p of (9.7±1.9) for 

CoRoT-7b and (8.8±2.5) Mg m
-3

 for Kepler-10b 

suggest that both planets have a rocky bulk 

composition. Both planets are expected to be in 

synchronous rotation and subject to tidal forces due 

to proximity to their primaries [1]. 

2. Model 

2.1 Interior structure 

We consider a one-dimensional, four-layer structural 

model consisting of an iron core overlain by three 

silicate mantle shells representing different 

mineralogical phases of MgSiO3. The interior 

structure is then obtained by solving the mass and 

energy balance equations in conjunction with an 

equation of state (EoS) for the radial density 

distribution [2]. Due to its ability to facilitate 

extrapolation to exceptionally high pressures, we 

have implemented the semi-empirical generalized 

Rydberg EoS, which is compliant with recent first 

principals calculations. To model self-consistently 

the present thermal state of planetary mantles, we 

adopt a mixing length formulation [3]. The idea 

behind this concept is that internally generated heat is 

transferred by vertical motion of fluid parcels, which 

will lose their individuality after migrating across 

characteristic length scales. The feasibility of this 

approach was demonstrated in various studies [e.g.,4]. 

2.2 Tidal heating 

The tidally dissipated energy H within a 

synchronously rotating planet or satellite strongly 

depends on its mean motion n, orbital eccentricity e, 

and planetary radius Rp according to [5] 
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where G is the gravitational constant and k2 is the 

degree-2 tidal potential Love number. 

2.3 Rheological properties 

The tidal heating rate H is dependent on the material 

properties inside the planet, which are globally 

described by k2. We model the viscosity  in the 

framework of a temperature(T)- and pressure(P)-

dependent Arrhenius law, considering vacancy 

diffusion as the predominant creep activation 

mechanism in rocky exoplanet mantles [e.g.,6] 
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Where ref is a reference viscosity and R is the 

universal gas constant. Q=E+PV is the creep 

activation enthalpy with E the activation energy and 

V the activation volume. We approximate the 

pressure-induced reduction of the creep activation 

volume V with depth by applying a model, in which 

the vacancies are represented as spherical cavities 

within an elastic continuum [7]. 

The elastic rigidity or shear modulus is calculated 

according to the generalized Guinan-Steinberg 

formula [8] 
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Here, x is the compression ratio /0, and the 

subscript 0 refers to zero pressure. The coefficients a1, 

a2, and a3 can be obtained either through a fit to data 

from high-pressure experiments or based on 

theoretical considerations. This formulation of the 
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rigidity is complementary to high-pressure EoS, 

thereby providing accurate shear moduli when 

extrapolated to high pressures. 

3. Results 

Our calculated results for CoRoT-7b and Kepler-10b 

are collected in Tab. 1. If compared to the Earth, both 

planets are enriched in heavy elements as implied by 

the relatively high iron core mass fraction. When 

CoRoT-7b is compared to Kepler-10b, its larger 

mean density yields a somewhat larger mantle 

thickness and generally higher temperatures and 

pressures. 

Table 1: Modeling results for CoRoT-7b and Kepler-10b. 

 

We find that thermal conductivity and density 

increase with depth by a factor of two, however, 

thermal expansivity decreases by more than an order 

of magnitude across the mantle of both planets. 

 

Figure 1: Tidal dissipation rate as a function of orbital 

eccentricity and planetary mass in units of Earth masses. 

 

Figure 1 illustrates that tidally-induced, time-variable 

surface distortions and gravity variations due to tiny 

radial and librational tides may occur along slightly 

eccentric orbits, thereby causing the dissipation of 

tidal energy. This effect will strengthen with 

increasing planetary mass due to larger dissipative 

volumes. Therefore, tidal heating is a viable present-

day heat source for close-in exoplanets, other than 

heating through decay of long-lived radioactive 

elements such as U, Th, and K. 

4. Conclusions 

The calculations show that both CoRoT-7b and 

Kepler-10b have a bulk composition similar to 

Mercury (i.e., enriched in heavy elements like iron). 

The body tide Love numbers strongly scale with total 

mass. If CoRoT-7b and Kepler-10b are in resonant 

and sufficiently eccentric orbits, tidal heating would 

substantially affect their present thermal states and 

orbital evolution. 

Acknowledgement 

This research is supported by the Helmholtz Association 

“Planetary Evolution and Life”. 

References 

[1] Leger, A., Grasset, O., Fegley, B., et al.: The extreme physical 

properties of the CoRoT-7b super-Earth. Icarus 213, 1, 2011. 

[2] Wagner, F.W., Sohl, F., Hussmann, H., Grott, M., Rauer, H.: 

Interior structure models of solid exoplanets using material laws in 

the infinite pressure limit. Icarus, in press, 2011. 

[3] Sasaki, S. & Nakazawa, K.: Metal-silicate fractionation in the 

growing Earth: Energy source for the terrestrial magma ocean. J. 

Geophys. Res. 91, 9231, 1986. 

[4] Yamagishi, Y. & Yanagisawa, T.: Modelling for convective 

heat transport based on mixing length theory. Frontier Research on 

Earth Evolution 1, 41, 2001. 

[5] Segatz, M., Spohn, T., Ross, M.N., Schubert, G.: Tidal 

dissipation, surface heat flow, and figure of viscoelastic models of 

Io. Icarus 75, 187, 1988. 

[6] Poirier, J.-P.: Introduction to the physics of the Earth’s Interior. 

Cambridge University Press, 2000. 

[7] O’Connell, R.J.: On the scale of mantle convection. 
Tectonophysics 38, 119, 1977. 

[8] Burakovsky, L. & Preston D.L.: Generalized Guinan-Steinberg 

formula for the shear modulus at all pressures. Phys. Rev. B 71, 

184118, 2005. 

[A,B,C,D] Stacey, F.D. & Davis, P.M.: Physics of the Earth. 

Cambridge University Press, 2008. Dziewonski, A.M. & Anderson, 
D.L.: Preliminary reference Earth model. Phys. Earth Planet. Inter. 

25, 297, 1981. Pollack, H.N., Hurter, S.J., Johnson, J.R.: Heat flow 

from the Earth’s interior: Analysis of the global data set. Rev. 
Geophys. 31, 267, 1993. Sleep, N.H.: Hotspots and mantle plumes: 

Some phenomenology. J. Geophys. Res. 95, 6715, 1990.



 


