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INTRODUCTIONINTRODUCTION

Numerical modeling of shock compression in ordinary chondrites was carried out with the iSALE shock physics code [1-4] 
to study shock-darkening (melting of iron sulfides and metals into tiny melt veins between solid silicate grains). However, 
the numerical models did not consider heat diffusion, and hence underestimated the degree of melting in eutectic mixtures 
and at boundaries between grains that experienced considerably different degrees of shock heating. 

DISCUSSION & CONCLUSIONSDISCUSSION & CONCLUSIONS

Numerical modeling of shock compression of ordinary chondrites [2-4] was helpful to 
understand shock heating and melting related to shock entropy. With our results, we 
provide a new insight to shock heating where we can categorize the heating or 
melting of phases either due to shock entropy (e.g. troilite, initial conditions in Fig. 1) 
or post-shock heat diffusion (e.g. iron, final conditions in Fig. 1). Our results also 
provide more explanations of melt features observed in shocked ordinary chondrites 
(shock melting of FeNi-FeS mixtures) and the role of metals as a shock-darkening 
agent. The duration of a shock pulse compared to the duration of heat diffusion, as 
seen in this work, must also be considered. In the table on the right we compare the 
duration of shock events in collisions between asteroids, or in shock experiments, 
with the duration of heat diffusion.
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METHODSMETHODS

We fed iSALE temperature outputs to a heat diffusion 
code using a 2-D finite difference solution for multi-
phase meshes (using olivine, iron, troilite, albite, and 
pyroxene, principal phases of ordinary chondrites). We 
analyzed the variation of temperature and the final melt 
fraction for each phase. We varied diffusivity over 
temperature and time steps were chosen according to 
the highest recorded heat diffusivity. We chose Dirichlet 
boundary conditions using the iSALE temperature 
outputs from the edges of the original meshes.

RESULTSRESULTS

We present the post-shock heat diffusion (Fig. 1), at initial conditions and time t, for a model 
displaying inclusions of iron in a large troilite grain surrounded by an olivine matrix. In that 
model, with initial shock pressure of 50 GPa, iron melts due to heat diffusion according to 
strong contrasts of temperatures with the surrounding troilite. In Fig. 2, we provide a cross-
section (dashed line in Fig. 1) of temperatures for this model, as well as an overview of 
temperatures, melt fractions, and heat diffusivities over time in Fig. 3.

IV

EVENT DURATION

collisions between asteroids (km-size) 100-1000 μs (shock pulse)

reverberation shock-recovery experiments <1 μs (shock pulse, [5])

heat diffusion (grain scale) 0-500 μs

Fig. 2. Cross-section of temperatures from model shown in Fig. 1, at chosen time steps. 
Material positions are highlighted in the graphic and cooling or heating is well observed for 

troilite or iron. The initial temperatures are output of the corresponding iSALE model.
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Fig. 1. Initial conditions of post-shock heating, melting, diffusivities (using iSALE [2-4, +this work]) and resulting diffusion of heat at time t, in a model showing 
inclusions of iron in a large troilite grain surrounded by olivine. Diffusion of heat triggered melting of iron due to strong contrasts of temperature with troilite.

Fig. 3. Variation over time of temperature, melt fraction, heat diffusivity, for the individual phases (average of all cell values) for the model shown in Fig. 1.
The dashed line in the temperature grahic is the eutectic melting temperature applied to iron and troilite.
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