Experimental determination of the elastic wave velocities in dunite and serpentinite under water pressure of 300 MPa and temperatures of 20-850оC (on the nature of the low-velocity zone in the upper mantle of the Earth)
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Abstract
According to the fundamental seismological models, the zone of low seismic velocities occurs in the upper mantle of the Earth at a depth of 70–100 km.

It is still considered in geophysical publications that the nature of these zones in the upper mantle is an unsolved petrophysical problem, and there are numerous

discussions on this issue.  In this study, longitudial wave velocities (Vp) in rocks were measured experimentally in dunite (olivinite) and serpentinite at a water pressure of 300 MPa and temperatures of 20–850oC. It is shown that the strong decrease in Vp in dunite (by ~3 km/s) observed within the range of 400–800 oC results from penetration of water into rock along microfractures and from the formation of hydrous minerals (mostly serpentine) along the boundaries of mineral grains as a result of water–olivine interaction. A strong decrease in Vp is observed in dunite, if only a small volume of rock is involved in serpentinization. Small amounts of water are necessary to cause the remarkable effect of Vp decrease. According to the experimental data available, serpentine and other high-pressure phases  with a similar composition are stable in the wide Р–Т area typical of the upper mantle. It is suggested that serpentinization or the formation of similar hydrous minerals in olivine-rich mantle rocks under the influence of deep fluids may result in the formation of zones of low-velocity elastic waves in the upper mantle at great depths (~100 km).

