Folding foodstuff:  An experimental approach to viscous buckle folding

A lab activity by Phillip G. Resor
Wesleyan University

presor@wesleyan.edu


Solution to additional problem

1) The same technique we used in the first half of the lab can be used to calculate the flow velocity of a magma that transports xenoliths to the surface.  For magma to lift xenoliths to the surface its velocity must exceed the equilibrium velocity we calculated in part I above.  The terminal velocity thus represents a minimum ascent velocity for the magma.

Roughly spherical peridotite xenoliths were erupted in 1801 at Hualalai Volcano, Hawaii.  The xenoliths have densities of ~ 3200 kg/m3 and maximum diameters of ~50 cm.  The magma is estimated to have a density of 2600 kg/m3 (Guest et al., 1995).  Assume a basaltic viscosity of 10 PaS (Turcotte and Schubert, 2003)

a. Calculate the minimum ascent velocity of the magma required to lift the xenoliths (i.e. to prevent them from sinking).
Rearrange eq. 5 to solve for velocity;  v = 2/9*(s - f)*(r2*g/
v = 2/9*(3200-2600)kg/m3*(0.25 m)2*9.8 m/s2/10 Pa-s
v=8.17 m/s

b. Calculate how long (in seconds) it would take for the magma to ascend from the base of the lithosphere (100 km).
time = distance/velocity
t = 100000 m / 8.17 m/s = 1.22 x 104 s (or 3.4 hr)

c. Our method assumes a Newtonian fluid (no strength).  Qualitatively, what effect would magma strength have on the results of your calculation? (Hint sketch the free-body diagram and think about the direction that the strength would act on the xenoliths).
[bookmark: _GoBack]Magma strength will act to resist sinking of the xenoliths so that the ascent velocity will not need to be as fast.
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