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Grain size distributions are major sources of information about the mechanisms involved in ductile deformation
processes and are often used as paleopiezometers (stress gauges).
Several factors have been claimed to influence the stress vs grain size relation, including the water content (Jung &
Karato 2001), the temperature (De Bresser et al., 2001), the crystal orientation (Linckens et al., 2016), the presence
of second phase particles (Doherty et al. 1997; Cross et al., 2015), and heterogeneous stress distributions (Platt &
Behr 2011). However, most of the studies of paleopiezometers have been done in the laboratory under conditions
different from those in natural systems. It is therefore essential to complement these studies with observations of
naturally deformed rocks.

We have measured olivine grain sizes in ultramafic rocks from the Leka ophiolite in Norway and from
Alpine Corsica using electron backscatter diffraction (EBSD) data, and calculated the corresponding probability
density functions. We compared our results with samples from other studies and localities that have formed under
a wide range of stress and strain rate conditions. All distributions collapse onto one universal curve in a log-log
diagram where grain sizes are normalized by the mean grain size of each sample. The curve is composed of two
straight segments with distinct slopes for grains above and below the mean grain size. These observations indicate
that a surprisingly simple and universal power-law scaling describes the grain size distribution in ultramafic rocks
during dislocation creep irrespective of stress levels and strain rates.

Cross, Andrew J., Susan Ellis, and David J. Prior. 2015. « A Phenomenological Numerical Approach for
Investigating Grain Size Evolution in Ductiley Deforming Rocks ». Journal of Structural Geology 76 (juillet):
22[U+2011]34. doi:10.1016/j.jsg.2015.04.001.
De Bresser, J. H. P., J. H. Ter Heege, and C. J. Spiers. 2001. « Grain Size Reduction by Dynamic Recrystallization:
Can It Result in Major Theological Weakening? » International Journal of Earth Sciences 90 (1): 28[U+2011]45.
Doherty, R. D., D. A. Hughes, F. J. Humphreys, J. J. Jonas, D. J. Jensen, M. E. Kassner, W. E. King, T. R. McNel-
ley, H. J. McQueen, and A. D. Rollett. 1997. « Current Issues in Recrystallization: A Review ». Materials Science
and Engineering a-Structural Materials Properties Microstructure and Processing 238 (2): 219[U+2011]74.
doi:10.1016/S0921-5093(97)00424-3.
Jung, H., and S. I. Karato. 2001. « Effects of Water on Dynamically Recrystallized Grain-Size of Olivine ».
Journal of Structural Geology 23 (9): 1337[U+2011]44. doi:10.1016/S0191-8141(01)00005-0.
Linckens, J., G. Zulauf, and J. Hammer. 2016. « Experimental Deformation of Coarse-Grained Rock Salt to High
Strain ». Journal of Geophysical Research-Solid Earth 121 (8): 6150[U+2011]71. doi:10.1002/2016JB012890.
Platt, J.P., and W.M. Behr. 2011. « Grainsize Evolution in Ductile Shear Zones: Implications for Strain Lo-
calization and the Strength of the Lithosphere ». Journal of Structural Geology 33 (4): 537[U+2011]50.
doi:10.1016/j.jsg.2011.01.018.


