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Introduction: Thin black veins, so-called shock
veins or pseudotachylites, occur in heavily shocked
meteorites and in target rocks in terrestrial impact
structures. The presence of the veins is not only re-
stricted to polymineralic rocks, they also irregularly
pervade monomineralic rock. The veins are particu-
larly interesting for high-pressure mineralogy because
they are the carriers of high-pressure phases (e.g.
ringwoodit, majorite [1,2], and stishovite [3]), occur-
ring otherwise only in the deep Earth’s interior such as
the transition zone and lower mantle. The origin of
these high-pressure phases can only be understood if
formation and evolution of the veins occurs in the very
short time-span between shock compression and the
end of decompression. There is general
consensus that such shock veins
represent localized melt zones that were
quenched during unloading when still
high pressures were present. Shear
mechanisms and/or pressure  het-
erogeneities resulting from density
gradients are discussed as potential heat
sources for localised melting. To
simulate frictional melting, welding
apparatus have been previously used [4]
but there were only few experimental
attempts to use shock techniques [5].
Here, we present experimental methods,
capable to reproduce shock-induced
shear melting in single-crystal minerals

[6].

Experimental Set-up: Shock
experiments were performed at the
Ernst-Mach-Institut, Efringen-Kirchen,
Germany, using a high-explosive setup
with the specimen encapsulated in an
ARMCO iron container. In one design, a
6 mm wide hole was drilled below the
specimen disc along the central axis of
the container. This modification enables
material flow into the empty cavity,
thereby intensely deforming and
shearing the sample [6, 7]. In another
design, the sample disks were inclined to the shock
front (Fig. 1, top, [5]). We used 1 mm thick, 15 mm
diameter discs of single-crystals as sample materials.

Experiments have so far been performed on olivine,
the most abundant mineral in chondritic meteorites,
and on calcite.

Results: Most results have so far been obtained on
experimentally shocked olivine. Cross sections

through recovered olivine and calcite samples reveal
the intense deformation of the previously disc-shaped
samples (Fig. 1). As consequence of the material flow
into the hole (design 1) or inclined propagation of the
shock wave (design 2), localised shear occurs in faults,
resembling natural “pseudotachylites”. In case of de-
sign 2, we also observe the formation of melt pockets.

Fig. 1. Cross section through the recovered olivine
samples imaged with polarizing light (top) and
secondary electrons (bottom).



From the geometry of the faults and
thermodynamical properties of olivine, we estimate
that a shear stress of only 3 kbar already leads to a
temperature increase of 3000 K, certainly sufficient for
localised melting.

Transmission  electron  microscope (TEM)
observations show that, adjacent to the faults, olivine
contains numerous ¢ dislocations (Fig. 2), indicating
strong localised deformation. The faults, however, are
filled with defect-free, idiomorphic olivine crystals
with grain sizes ranging from approximately 1 to 20
pm. Some of the new olivine crystals even contain iron
spherules (Fig. 3), indicating that molten iron from the
container was mixed into the silicate melt. Energy-
dispersive X-ray analysis reveals a heterogeneous
composition of these newly formed olivine crystals.
The interstices within the polycrystalline olivine
aggregate are filled with fayalite-rich glass.
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Fig. 2. Dark-field TEM image of deformed olivine
adjacent to a shock vein. The olivine contains
abundant ¢ screw dislocations.

Conclusions: We present here shock techniques
that are capable to simulate shock-induced shear
melting in monomineralic materials. The observations
clearly indicate that localized melting occurred along
faults and in melt pockets. The heterogeneity in
compositions and the presence of fayalite-rich glass
indicates that new olivine crystals formed by fractional
crystallization from the shock-produced silicate melt.
Since high-pressure polymorphs such as wadsleyite
and ringwoodite were not found, we conclude that (i)
quenching during unloading was not fast enough to
allow formation of these polymorphs and that (ii)
crystallization took place at low pressure during
decompression or, more likely, shortly after
decompression.

Fig. 3. Bright-field TEM image of a newly formed
olivine crystal containing numerous tiny and one larger
iron spherule.
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