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Introduction:  The Dawn spacecraft has obtained over 

a year of orbital data at asteroid Vesta before departing 

for Ceres. Observations by Dawn suggest that Vesta is 

more of a proto-planet than an asteroid, and that it is 

similar in surface composition and impact 

geomorphology to the Moon [1]. While differentiated 

and airless bodies such as these were assumed to have 

lost most of their initial water content, recent missions 

have discovered a measurable amount of water at the 

Moon’s poles, and hydroxyl more generally across the 

surface [1]. At Vesta, Dawn’s gamma ray and neutron 

detector (GRaND) has correlated higher hydrogen 

concentrations with regions of dark material on the 

surface, and the visible and infrared spectrometer 

(VIR) has detected widespread hydroxyl absorption 

bands [2, 3]. Both indicate detectable levels of H and 

OH on of the Vestan regolith. However, the form and 

quantity of volatile content at the surface and in the 

shallow subsurface (i.e. less than a meter deep) remain 

unclear. 

In order to address this deficiency on Vesta, Earth-

based radar observations can measure the surface’s 

backscattering properties and can then be used to 

constrain ambiguities for some of the surface 

properties. Specifically, radar waves are most strongly 

affected by surface topography, roughness, and the 

electromagnetic properties of surface material, where 

the latter can be quantified by the complex dielectric 

constant—a parameter with a real and imaginary part 

that describe the reflection and attenuation mechanisms 

of a material for a given frequency. Using laboratory 

measurements on asteroid analog materials, and 

complementary observations from the Dawn mission, 

one can relate the measured dielectric constant to a 

range of  porosities, compositions, volatile content and 

temperatures. The result is radar’s sensitivity to 

variations in texture (topography and roughness) and to 

variations in the dielectric constant (electromagnetic 

properties), which then indicate variation in surface 

composition and signs of volatile enrichment. 

However, it is difficult to disentangle the 

backscattering effects of textural versus dielectric 

variations, which makes it difficult to infer surface 

properties from the radar return. Constraints are 

notably poor on the surface roughness of asteroids, and 

result in large uncertainties for dielectric inversion 

when deduced by Earth-based radar. 

To address the resulting ambiguity for Vesta, we 

utilize complementary Dawn observations to develop a 

dielectric model of the surface. Surface temperature is 

derived from VIR data, which in turn allows the 

calculation of thermal inertia. Since thermal inertia and 

the dielectric constant share dependencies on density, 

grain size, temperature, mineralogy and volatile 

content, we can infer a distribution of dielectric 

constants on the Vestan surface where thermal inertia 

has been calculated. 

We generate our parametric dielectric model in 

three steps: (1) by establishing the lunar regolith as a 

first-order analog to Vesta’s regolith [4] since little is 

known about the dielectric properties of asteroid 

materials; (2) by correlating thermal and dielectric 

measurements of lunar regolith samples [e.g. 5-8] to 

yield an empirical relation between the two; and (3) by 

then using this relation to calculate a distribution of 

dielectric constants over the Vestan surface from a 

distribution of thermal inertia values. 

While the analogy between the lunar regolith and 

that of Vesta is imperfect [4], both Vesta and the moon 

are airless and desiccated bodies, their regoliths are 

brecciated with significant basaltic components, and 

their regoliths both undergo gardening by meteoritic 

impacts. The lunar regolith analog is appropriate for 

Vesta’s regolith to the first order. 

 

Thermal and Dielectric Properties of Lunar Basalt:   

To establish a correlation between thermal inertia and 

the dielectric constant, we examine the physical 

properties that relate these two, and then select 

measurements of lunar regolith samples as first-order 

analogs to the surface of Vesta. 

Thermal inertia quantifies the ability of a material 

to store and retain daytime heat. It is calculated as 

 where C is the temperature-dependent 

specific heat capacity, ρb is the apparent bulk density of 

the regolith, and keff is the effective thermal 

conductivity. The last parameter is dependent on 

temperature, grain size, density and composition just as 

is the dielectric constant, making thermal conductivity 

a useful parameter from which to infer dielectric 

properties. 

Many measurements have been performed on the 

Apollo missions’ returned samples for both thermal 

and dielectric properties [e.g. 5-8]. From these, we then 

derive empirical formulas that relate the dielectric 

constant to thermal conductivity for similar basaltic 

samples. The temperature dependence of each 

parameter was established under vacuum conditions, 

fixed density and for the same sample type (powdered 

2476.pdf44th Lunar and Planetary Science Conference (2013)



or rock basalt). Notably, only some samples were 

measured for their dielectric properties at applicable 

temperatures (between 100 and 400 K) [e.g. 7, 8]. 

We derive the following equations from basaltic 

lunar rock samples, and express the complex dielectric 

constant as a function of thermal conductivity: 
 

             (1) 
 

           (2) 
 

where ε’ is the real part of the dielectric constant 

(characterizing the reflectivity of the material), tan(δ) is 

the loss tangent (a measurement of the attenuation of 

energy by the material), and k is the thermal 

conductivity (W/mK). 

Similarly, we derive the following equations from 

basaltic lunar soil samples: 
 

 

               (3) 
 

              (4) 
 

 

Dielectric Modeling: At the conference, we will 

present parametric dielectric modeling of portions of 

the Vestan surface, as derived from thermal 

observations by Dawn. Ideal regions for the derivation 

of the dielectric constant are those which are smoothest 

and flattest, and therefore areas for which the impact of 

textural variation to radar backscatter is minimized. 

Figures 1 and 2 show an example of this process 

for a region observed by VIR in Approach Phase. The 

center of the temperature map in Figure 1 is located at 

approximately 29°N, 154°E (using the coordinate 

system based on the Claudia crater). Most of the image 

was acquired before local noon. Figure 1 also shows 

the thermal inertia (rightmost image), which was 

calculated using a thermophysical model. This image 

corresponds to the boxed portion of the temperature 

map. 

In Figure 2, we show the result of calculating the 

dielectric constant from the thermal inertia, using 

Equations 3 and 4 (derived for lunar soil). The leftmost 

image in Figure 2 is the real part of the dielectric 

constant (a measure of the material’s reflectivity), and 

is relatively uniform at ~3.2. The rightmost image in 

Figure 2 is the loss tangent (a measure of the material’s 

attenuation), which we calculate using Equation 4. The 

loss tangent ranges from ~0.002 to 0.0035. 
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