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Presenter
Presentation Notes
I have worked quite a lot on slow slip and tremor in Costa Rica and a bit in New Zealand, two regions that we will be hearing a lot about at this meeting because slow slip appears to occur at shallow depth in these regions compared to most other places where slow slip has been documented .This morning I want to review and contrast general characteristics of slow slip globally to emphasize the major similarities and  differences such as the depth.
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Presenter
Presentation Notes
Before I focus in on slow slip events in subduction zones I want to remind people that slow slip phenomena are not restricted to plate boundary faults, but occur on faults in a variety of environments including Hawaii and along landslide and glacier slip surfaces. This map from a recent paper by Peng and Gomberg shows all the locations where a wide variety of slow slip phenomena have been documented. Here the open  circles represent geodetically detected slow slip events and the boxes geodetic slow slip plus seismic tremor, these occur only in subduction zones and will be the focus of the rest of this talk. 
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Presenter
Presentation Notes
The northern Cascadia margin was the first place where slow slip was identified from GPS data. Since 1997, over a dozen SSE have been observed. All of these are associated with seismic tremor. The graph shows the east component of displacement at Victoria, BC and illustrates the now very familiar saw tooth curve diagnostic of slow slip events. The GPS data have been modeled for the spatiotemporal distribution of slip and compared with the migration of located tremor events. In general the two are very closely associated as shown in the bottom right figure for the 2008 SSE in northern Cascadia.
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Presenter
Presentation Notes
Inversions of geodetic data for the distribution of slip In time and space yield low resolution images. Array studies of seismic tremor can provide much more detail of the slip process. This slide shows some of the fast slip migration that has been imaged to occur perpendicular to strike by seismic arrays during the 2008 SSE event. Thus, where high resolution is obtained, slow slip seems to evolve in complex patterns.
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Presenter
Presentation Notes
Slow slip and tremor occur at downdip edge of locked seismogenic zone in a region identified to have high fluid pressure and near the intersection of the continental Moho.
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Presenter
Presentation Notes
First place that tremor was identified and later associated with slow slip events. Behavior of slow slip in SW Japan is similar to Cascadia in that it is very regular, occurs at downdip edge of the seismogenic zone and is very closely associated with tremor such that tremor can act as a proxy for slow slip. From tremor migration illustrated in this slide,  complicated slip migration has been inferred. Black boxes show the major segments hosting slow slip and the yellow arrows indicate the dominant (dark yellow) and secondary (light yellow) migration directions. Some differences with Cascadia are that 2 types of SSE occur, short term which are most similar to Cascadia events and long-term SSE that occur in the Bungo channel and Tokai regions indicated with green boxes. The short term SSEs are smaller. 
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Presenter
Presentation Notes
There is strong evidence that slow slip earthquakes occur in regions of high fluid pressure and near the intersection with the Moho
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Presenter
Presentation Notes
Both the Cascadia and SW Japan subduction zones are relatively hot. The only remaining hot subduction zone that has observed slow slip is in Mexico so I want to include it here. Similar to Cascadia and SW Japan, the Guerrero-Oaxaca Mexico region has fairly regular SSEs. The north component of displacement at several GPS stations in the area indicates many SSE events. They vary a lot in size with the 2002 and 2006 events being the largest recorded anywhere at about Mw=7.5. Tremor has been detected associated with the SSEs, but the spatial association between slip and tremor is poor. Inversion for slow slip distribution has not been performed.


OBSERVATIONS:

Slow slip occurs in regions

inferred to have fluids Basalt to eclogite
transformation

Slow slip occurs at 30-40 km releases fluid

depth (the downdip edge of the
seismogenic zone) where T~

450-550°C V

T
Manile
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Both slow slip and tremor involve
fluids released from the basalt to
eclogite transformation.

IMPLICATIONS:

PREDICTION:

Cooler subduction zones may not
exhibit slow slip and tremor
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CONCLUSIONS:

Slow slip is not thermally controlled occurring at different temperatures in

different subduction zones.
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Presenter
Presentation Notes
The first evidence for slow slip occurring in the Nicoya Peninsula region came during  CRSEIZE. This experiment had fluid flow meters colocated with OBS and three of these stations recorded large fluid flow excursions that correlated with high amplitude noise on the co-located seismometers. Those three stations are shown here in map and cross sectional view and the three excursions are indicated as well. In 2005 we postulated that the excursions were caused by slow slip on the shallow plate interface. Much more recently, LaBonte et al. were able to model these excursions and could fit the data with a shallow rupture that propagated bilaterally at a rate of approximately 0.5 km/day.
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Presentation Notes
Slow slip in northern NZ and Boso may not be that different from other regions. We recently detected tremor associated with the most recent Gisborne SSE. The increased number of seismic stations over the last couple of years allowed us to detect tremor. It is likely that low amplitude tremor signals are attenuated due to thick sedimentary sequence that overlies this region. The same case may apply to Boso.
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