ACTIVE DEFORMATION IN THE NORTHERN PUGET LOWLAND AND SAN JUAN ISLAND REGION OF NORTHWESTERN WASHINGTON

PROJECT SUMMARY

Northern Cascadia is deforming in a complex three dimensional displacement field driven by oblique convergence between the Juan de Fuca and North America plates and intra-plate deformation associated with the northwestward displacement of the Sierra Nevada.  Geologic, seismological, and geodetic studies suggest that regional displacements are partitioned into transient ENE shortening and long-term N-S contraction.  ENE-directed displacements in the Coast Ranges of Washington and Vancouver Island are related to interseismic strain accumulation on the locked Cascadia megathrust, and geodynamic models predict that surface displacements approaching 10 mm/yr along the Pacific coast diminish rapidly to the east away from the plate boundary.  In the Puget lowland the locked megathrust contributes only 1 to 2 mm/yr to the regional displacement field.  Seismicity and geologic structures support interpretation of residual GPS velocities (compensated for interseismic strain of Cascadia megathrust) indicating up to 6 mm/yr of differential northward motion of the northern Cascadia forearc.  Southwestern British Columbia does not share the same northerly displacement suggesting that the complex array of kinematically linked faults underlying the Puget lowland and adjacent areas accommodate the differential motion.  Although geologic and geophysical evidence supports active deformation on many of the faults, geodetic velocities from the wide aperture Pacific Northwest Geodetic Array (PANGA) cannot resolve which structures accommodate differential shortening.

Velocities from a dense GPS network in the northern Puget lowland and San Juan Island region of northwestern Washington supports geological and geophysical interpretations and suggests active deformation on several throughgoing fault systems.  The Northern Puget Geodetic Network (NPGN) consists of 27 sites along a east-northeast transect stretching from the Pacific coast on the Olympic Peninsula to east of the northern Cascade Range.  GPS sites within the network are concentrated along a broad north-south swath covering the San Juan Islands, northern Puget lowland, western Cascade foothills, and the eastern Olympic Peninsula and provide the site density needed to assess whether or not specific fault zones are active.

Twenty four sites of the NPGN were successfully reoccupied in 2001, five years after the initial network deployment in 1996.  The NPGN velocities are consistent with those determined for the wide aperture PANGA but due to increased network density provide greater insight into the spatial variability of the regional velocity field.  When modeled effects of the locked Cascadia megathrust are removed, a residual velocity field yields differential motions of up to 5 mm/yr within the NPGN.  The velocity field is heterogeneous with significant variations in azimuth and magnitude occurring in the vicinity of major fault systems.  Based on our preliminary analysis, velocity gradients are greatest near major fault systems and are consistent with distortion of a far field displacement field by locked segments of active faults.  Based on these observations, the seismic threat posed to northwestern Washington and southwestern British Columbia by throughgoing fault systems probably overshadow the hazard posed by continued ENE-WSW shortening across the Cascadia megathrust.

We request funds to expand our earlier investigations in the northern Puget lowland and San Juan region.  To date, we have established the geometry of the eastern part of the transpressional Devils Mountain fault system and constrained the lateral continuation of the fault system west of the Cascade foothills to northern Whidbey Island.  Preliminary velocities from the NPGN confirm earlier assessments of active deformation on segments of the Devils Mountain fault system but also provide evidence for continued activity on the northern Hoods Canal and South Whidbey Island faults and previously unsuspected activity on the Lummi Island fault.  As a precursor to the development of a geodynamic model of active structures in the region, we propose to (1) reoccupy and expand the NPGN to better characterize gradients in the regional velocity field and assess their relation to known or suspected active faults, (2) acquire high-resolution gravity and magnetic data to model subsurface fault geometries, (3) and to directly determine displacement kinematics of selected fault systems.

