The 2008 Mogul, Nevada Earthquake Swarm:  Geodetic Evidence for Largely Aseismic Afterslip Equivalent to ~Mw 5.0.
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The relative fraction of aseismic slip that occurs in the seismogenic zone has implications for earthquake hazard, because aseismic creep tends to release stresses that have accumulated by relative plate motion.  The phenomenon of aseismic fault creep is well documented in segments of the San Andreas Fault, in Japan, and more recently, in the Cascadia subduction zone where creep occurs episodically in "slow earthquakes", as detected by continuous GPS (CGPS).  Another mechanism for fault creep is afterslip following large or great earthquakes, which can rival the magnitude of the displacement associated with the main shock, as was the case for the 2005 M8.7 Nias Earthquake, again detected by CGPS.

Here we report on our CGPS investigation of the March-July 2008 earthquake swarm at Mogul and western  Reno, Nevada, during which >2,000 microearthquakes were detected, several hundred of which were felt by local residents.   We installed the GPS network in March 2008, in rapid response to the onset of the swarm, as part of our ~300-station mobile “Nevada Earthquake Response GPS Network” (NEARNET).  The network has an inter-station spacing of ~2 km in the near field, sufficiently close to detect ~10 mm displacements from the Mw 5.0 mainshock of 26 April, 2008.  This is possibly the smallest earthquake displacement field ever characterized (in all four quadrants) by a GPS network.   

The GPS data indicate that aseismic afterslip continues to occur with a logarithmically decaying signature.  The post-seismic surface displacement field has the same general pattern of the co-seismic displacement field, consistent with models of shallow slip (a few km) on a NNW-trending right-lateral strike-slip fault. Two stations apparently straddle the previously unrecognized NNW-SSE striking fault, and have detected a total displacement of ~40 mm toward each other, yet only ~15 mm is attributable to the mainshock. Our models indicate that the (mainly aseismic) afterslip has comparable moment magnitude to the mainshock.  Despite an extensive search on the ground, no surface rupture was found in the area of this previously unrecognized fault.   

This rapid-response GPS study raises questions as to the role of aseismic strain release on the budget of strain release across plate boundaries, and on the role of unrecognized faults that are not currently accounted for in the budget.  Both these factors may partly account for discrepancies between current geodetic measurements of relative velocity and long-term geological slip rates across plate boundaries.

