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Introduction. Pseudotachylytes, or solidified friction-induced melts (Mc Enzie &
Brune, 1972; Sibson, 1975), are the most certain fault rocks indicator of seismicity on
ancient faults (Snoke et al., 1998). In this study, we show how the asymmetry in the
distribution and the orientation of pseudotachylyte-filled secondary fractures around
an exhumed fault can be used to reconstruct the earthquake rupture directivity, rup-
ture velocity and fracture energy G, by comparison with the calculated asymmetrical
dynamic stress field around a propagating fracture.

Observations.Solidified friction melts, produced during earthquakes, decorate faults
and branching fracture networks of the well exposed East-West striking Gole Larghe
Fault Zone (Italian Alps) (DiToro & Pennacchioni, 2004). Faults and secondary frac-
tures have peculiar features in their shape, attitude and branching patterns. Most of
the branching of secondary fractures consists either of tension cracks, up to several
cm thick, laying perpendicular to the main fault line, or thin fractures, laying roughly
at 30o to the fault (consistently with the inferred orientation of the principal horizontal
stress). Most interestingly, secondary fractures take off preferentially on one side of
the fault, i.e., into the southern block.

Model and interpretation. Recent theoretical studies investigated the possible pat-
terns of fault branching that seismic rupture may leave in its trail (Poliakov et al.,
2002; Kame et al., 2003; Rice, et al., 2004). In particular, the damage and fractures
associated to an earthquake, are expected to be asymmetrically distributed on either
side of the fault, and to depend on the direction in which the rupture is propagating. In
a specific dynamic rupture model reproducing the local stress and rock properties, we
predict the asymmetrical creation of secondary fractures and tension cracks, based on



the near-field, dynamic stress radiation. The observed distribution of pseudotachylyte-
bearing fractures is compatible with unchanged propagation direction during repeated
seismic ruptures, subsonic fracture velocities (close to Rayleigh wave velocity) and G
values in the range8.0x106-6.7x107 J m−2.
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