Appendix S3.

Determining horizontal shortening rates

The contribution of the North Neyshabur fault to regional shortening may be determined in two ways, depending on the structure of the fault with depth (Fig. S3). If the fault dips north at 60° and cuts the entire crust, the fault slip rate (z) may be resolved onto its vertical uplift (y) and horizontal shortening (x) components (Fig.S3a and b). In the case of the North Neyshabur fault, this would yield a shortening rate of 0.3​​​​​​​​–0.5 mm/yr (see Table 2 of the main paper). However, if the fault​ shallows with depth onto a horizontal décollement, commonly seen in active thrust systems bounding mountain ranges (e.g. Tien Shan, Daeron, et al., 2007; Himalaya and Tibet, Meyer, et al., 1998, and Lavé J. & Avouac, 2000; and Taiwan, Simoes, et al., 2007) then the shortening rate on the décollement will equal the fault slip rate (z) where the fault ramps to the surface (Fig.S3c and d). In this case, the shortening rate across the North Neyshabur fault will be slightly higher (0.7–1.0 mm/yr) than the rate determined by resolving fault slip onto its vertical and horizontal components (see Table 2 of the main paper). To determine which shortening rate estimate is correct for the North Neyshabur fault knowledge is required of the subsurface structure across the fault, which may be revealed by seismic reflection experiments. As we lack this information, our estimate for the shortening rate across this fault incorporates both rates estimated above as upper and lower bounds, yielding 0.3–1.0 mm/yr.
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Figure S3. (a) Schematic geological cross-section in which horizontal shortening across a mountain range (yellow arrow) is accommodated by slip on a range bounding single planar thrust fault which cuts the entire crust at an angle of 60°. Faulting has stepped basinward of the mountains and the older range bounding thrust (shown by a dashed black line) is relatively inactive. Where the younger and more active thrust fault comes to the surface (shown by the red box), the youngest sedimentary deposits (grey lines) are offset vertically, producing a step, shown in (b). Because the regional shortening is accommodated by movement on a dipping fault which cuts the entire brittle crust, the slip on the fault plane (z) is resolved onto a horizontal (x) and vertical (y) component. The rate of uplift, which only records the vertical component of motion over time, may be determined if both the age of the displaced surface deposits, and the amount of vertical displacement are known. However, to determine the horizontal component of shortening, knowledge of the fault plane geometry is required to determine both the fault slip-rate (z) and the horizontal shortening rate (x). The typical motion of the surface deposits before and after a period of movement on the fault is indicated by the light grey circle (pre-fault movement), and the dark grey circle (post-fault movement). In this model, the shortening rate (x) will always be less than the fault slip-rate (z). (c) Geological cross section across a mountain range in which shortening is accommodated by slip on a dipping thrust fault at depth, and slip on a horizontal décollement at shallower depths which ramps to the surface away from the range front. (d) In this model, material in the hanging wall above the décollement is extruded at the rate z everywhere along the basal thrust. The structure of the deformed geology across the fault zone is significantly different from that shown in (b), allowing the differentiation between these two models by field observations of dipping strata. The typical motion of deformed surface deposits before and after a period of shortening is shown by the light and grey circles. In this model, the horizontal component of motion will decrease locally to x where the décollement ramps to the surface. However, away from the ramp the regional horizontal shortening rate is given by the higher value of z (which in turn must be the horizontal component of shortening across the dipping thrust fault at depth).
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