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Introduction: The Geminid meteoroids are the 

densest and the strongest bodies among meteoroid 
streams. Their unusual mechanical properties are usu-
ally explained using material properties of the parent 
body 3200 Phaethon, or as a result of thermal process-
ing of the weaker material in the perihelion which is 
only 0.14 AU. One of these processes may be the ac-
tion of the thermal stress, which is an important process 
of the rock erosion in arid environments on the Earth 
[1]. The thermal stress can possibly induce breakdown 
of rocks on the surface of Mercury [2] and some NEAs 
[3,4]. 

We studied the erosion of small meteoroids result-
ing from the thermal stresses, which are induced by 
large temperature variations in the solar vicinity. This 
process may naturally explain the observed mechanical 
properties of Geminids.  

Thermal erosion: The temperature distribution in 
small meteoroids in the space is controlled by thermal 
disequilibrium between insolated and shadowed hemi-
sphere. The resulting inhomogeneous temperature field 
gives rise to the thermal stresses, the magnitude of 
which depends on heliocentric distance, size, material 
properties, and the rotation of the meteoroid [5]. As the 
meteoroid approaches the Sun, the thermal stresses 
increase and first exceed the material strength at the 
surface. There are two possible end-state situations:  (i) 
The fractured material stays on place because of the 
insufficiently interconnected crack system [6]. (ii) The 
fractured material is ejected into the space by release of 
elastic energy during the crack formation [4], or be-
cause of the centrifugal forces. The material loss from 
the surface causes that the meteoroid diameter shrinks. 
This phenomenon can be described as thermal erosion.  

Results: In the Solar vicinity, the thermal erosion 
modifies the size and strength distribution of Geminid 
meteoroids. The resulting meteoroid population has the 
following characteristics: 

(i)  The population of meteoroids affected by ther-
mal erosion contains stronger species than the primor-
dial one. This is because the erosion of meteoroids is 
more efficient for weaker (and larger) bodies. 

(ii) Surviving small meteoroids have broader distri-
bution of strengths with lower mean value ‹σt›, whereas 
larger bodies have narrower distribution of strengths 
with higher mean value ‹σt›. Observation of this de-
pendence would indicate the action of the thermal 
stress.  

As an example see Fig. 1 and Fig. 2. 

 
Fig.1: Initial distribution of mechanical strengths σt of 
Geminid meteoroids. Three meteoroid sizes are as-
sumed: 10cm (solid line), 1cm (dashed line), and 1mm 
(dotted line). 
  

 
Fig.2: Distribution of mechanical strengths σt in Gem-
inid meteoroid population affected by preferential de-
struction of weak and large members due to thermal 
erosion. Three meteoroid sizes are assumed: 10cm 
(solid line), 1cm (dashed line), and 1mm (dotted line). 
Each curve is normalized to unity.  
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