Appendix S2. 

Optically Stimulated Dating methodology for the Neyshabur and North Neyshabur faults
Optically stimulated luminescence (OSL) dating measures the time since quartz-rich sedimentary material was last exposed to sunlight. If sediment deposition is relatively continuous, such as from an active alluvial fan at the edge of a mountain range, the time since the material was last exposed to sunlight is thought to represent the age of deposition. If a once continuous abandoned alluvial fan becomes gradually displaced across an active fault during a number of earthquake cycles, both the age of the fan surface and the amount of displacement can be used to determine the rate of slip on the fault. Knowledge of fault slip rates is paramount to our understanding of how regions actively deform. Furthermore, if the repeat time for earthquakes can be determined, either from length-scaling relationships or detailed paleoseismology studies, the seismic hazard posed to nearby population centres can be established. 

Upon deposition of quartz-rich sediments, low-level background radiation causes free electrons within the quartz crystal lattice to be excited from the lower energy valence band to the higher energy conduction band. Some of these electrons become `trapped' metastably between the two energy levels in defects within the crystal lattice. The longer these sediments are buried, the more electrons accumulate in traps. Small amounts of energy, such as sunlight, cause `trapped' electrons to return to their lower energy valence band, releasing photons in the process. This can be measured in the laboratory as a luminescence signal, when the sample is exposed to a light source. The degree of luminescence is thought to be equivalent to the total amount of radiation the sediments have been exposed to since burial (known as equivalent dose, or paleodose, De). The age of deposition is calculated from the paleodose and the present-day rate of background radiation at the sample site (dose rate, Dr – measured using a gamma ray spectrometer). Typically, each sample is divided into a number of aliquots and the paleodose is measured for each one. If the spread of paleodose measurements is low, the average paleodose between all aliquots is used in the age calculation. If there is a large spread in paleodose between aliquots, the sample may not have been exposed to enough sunlight required to reset all the trapped electrons prior to deposition. In this case, the smallest paleodose (equivalent to the youngest age) is thought to represent the time of deposition, and all higher paleodose measurements are the result of grains which have not been fully reset. All samples were analysed on a Riso (Model TL/OSL-DA-15) automated TL/OSL system under subdued red light. A detailed account of the method used is given in Fattahi & Walker (2007), with further examples of this technique being applied across NE Iran in Fattahi, et al. (2006) and Fattahi, et al. (2007).
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