Appendix:

Methods of strain analysis

To quantify finite strain, the Rf/( and Fry techniques (Ramsay, 1967; Fry, 1979; Ramsay and Huber, 1983) were used. Feldspar grains from augengneiss of the Gran Paradiso unit (145 samples), mica schist of the Gran Paradiso unit (1 sample) and the Erfaulet granite (9 samples) and quartzite pebbles from conglomerates of the Permo-Mesozoic cover of the Gran Paradiso (11 samples) and the Erfaulet (3 samples) units were analyzed by the Rf/( method. The Fry method was applied to seven samples in order to compare the results with those obtained by the Rf/( method. Feldspar grains from one metasediment sample were also analyzed by the Fry method to see whether the strain recorded in the metasediments is of the same magnitude as those in augengneiss and conglomerate. 

Two-dimensional strain measurements were made on XY, XZ and YZ sections (X(Y(Z, finite-strain axes) in order to estimate the three-dimensional strain geometry. A least-squares best-fit ellipse was calculated for each marker outline as well as its relative position and orientation. For Rf/( analysis on feldspar, the long and short axes of up to 40 grains per section were measured and mean aspect ratios for each section were calculated. Tectonic strains were determined from the chi-squared minima of the Rf/( analyses (Peach and Lisle, 1979). For Fry analysis, the central points of more than 100 feldspar grains per section were used to calculate strain. The strain estimates were used to calculate the finite-strain ellipsoid according to the modified least-square technique of Owens (1984). The Nadai strain magnitude is defined by an orthogonal coordinate system using the natural principal strains EX, EY and EZ (Ramsay and Huber, 1983). The distance from the origin provides an invariant measure of the total strain magnitude (Et), which can be separated into two orthogonal components: volume (Ev) and deviatoric (Ed) strain (Et = (Ed2 + Ev2)1/2). Ev and Ed are independent of the rotational component of deformation. 

To prove that strain analysis by the Rf/( method yields meaningful results, one has to demonstrate that the measured objects deformed largely homogeneously with their matrix. Finite strains determined with the normalized Fry technique were primarily used to check the Rf/( estimates. The Fry strains are thought to represent the matrix strain, whereas the Rf/( strains describe the fabric ellipsoid or clast strain (Ramsay and Huber, 1983; Ring, 1998). As shown by Kassem and Ring (2004), the Fry strains are not fundamentally different from Rf/( strains; in most cases, the Rf/( strains are slightly greater than the Fry strains, but in other cases the opposite is the case. Therefore, we conclude that there was no significant competence contrast between the quartz-mica matrix and the feldspar porphyroclasts during the accumulation of finite strain at peak metamorphic conditions. Furthermore, finite strain in the augengneiss is of the same order of magnitude as those from the conglomerate and metasediment samples. The main-phase foliation is not refracted between augengneiss and metasediments, which also suggests similar deformation behaviour in both lithologies. Hence, Rf/( strains derived from analyzing feldspar porphyroclasts are representative for regional strain at peak metamorphism.

Table DR1. Finite strain data from Gran Paradiso Massif; all 169 samples were analyzed by the Rf/( method, the results shown in italics were obtained by the Fry method; (C) = congolomerate; (MS) = mica schist.
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