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Dating individual crustal structures plays a central role in unravelling many geological problems, and has addressed particular areas including petroleum and metal exploration, sedimentary basin evolution and different stages of orogenesis. The methods that we can use are rapidly expanding as our technological capability increases within Earth Sciences, and radiometric dating is now becoming the norm. The choice of radiometric dating method is dependent on the temperature of the event – where new muscovite grew during shearing at ca. 600° C then Rb-Sr can date the event, whereas for the same event an Ar-Ar age would date a point on the cooling trajectory. Ar-Ar dating is the most suitable method for dating the formation of lower-temperature structures: greenschist-facies mylonites, and fault gouges. The exception to the ‘temperature of formation’ consideration is pseudotachylite, which forms at ultra-high temperatures ca. 1000 to 1200° C, generally in upper crustal levels, but is such a rapidly-formed material that cooling to ambient temperatures is ‘geologically instantaneous’ and as such, a pseudotachylite Ar-Ar age reflects the time of formation.

Fault rocks are complex materials because of their physical and isotopic heterogeneity, due to their low temperatures, or in the case of pseudotachylite their rapidity, of formation. Nonetheless, Ar-Ar dating has been successfully applied to mylonites, fault gouges and pseudotachylites. The success is firmly rooted in our understanding of the behaviour of argon under different conditions, and our understanding of the materials that we are trying to date. Since the 1960’s, there has been a strong feedback between technological advance in Ar-Ar dating and our understanding of the behaviour of argon. The step-heating method by resistance furnace or laser allows us to discriminate between different reservoirs of argon in heterogeneous samples, by virtue of the different Ar-retention properties of the component minerals. In situ Ar-Ar measurements by laser provides a direct link between the age and the individual mineral, and at higher spatial resolution, the ultraviolet laserprobe method can be used to establish the distribution of argon within individual minerals. In terms of fault-gouges, and also slates, the very low formation temperature places them at the limits of what is achievable with Ar-Ar dating: the ultra-fine grain sizes of illite, separating out illites of different generations and from contaminating components of comminuted host rock, and 39Ar-recoil during irradiation, are three practical difficulties that we have to overcome. For mylonites, sample preparation is straightforward but analysis by ultraviolet laserprobe at the highest spatial resolution identifies excess 40Ar uptake, deformation-enhanced 40Ar-loss, and only partial recrystallisation of precursor muscovites, as three possible disturbances to the Ar-system. Pseudotachylites are possibly the most complex fault-rock available to the Ar-geochronologist: forming at such high temperatures they ought to be in the window for the Rb-Sr system but their rapidity of formation prevents complete equilibration. For Ar-Ar dating, we assume that during formation, radiogenic (40Ar*) in the host-rock minerals that melt to form the pseudotachylite is lost to an ‘infinite reservoir’, and that any measured 40Ar* has accumulated since the pseudotachylite crystallised, thus, reflecting the formation age. Contrary to this is the presence of host-rock clasts or pieces of refractory minerals ranging from tens to hundreds of microns in diameter in the pseudotachylite matrix, which might preserve traces of their host-rock Ar-Ar age, and mask the pseudotachylite age. High spatial resolution analysis of pseudotachylite can also reveal age zonation in veins due to multiple friction melting events that are not plain to see at outcrop level.
In summary, technical development in Ar-Ar dating methods has seen a change from bulk sampling to increasingly higher spatial resolution microsampling in Earth Sciences. It seems likely that this pace of change will be maintained in future years with better laser and imaging technology and improving mass spectrometry, which is an exciting prospect and will be of major benefit to the study of strongly heterogeneous materials such as fault gouges, lower-temperature mylonites and pseudotachylites.
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