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Presenter
Presentation Notes
Interpreted cross section showing P velocities (at 0.5 km/s intervals), relocated seismicity (circles) and strong wide-angle reflector (blue line) interpreted to be the subducted oceanic Moho [Preston et al., 2003].   Updip of the green dashed line at 40 km depth intraslab earthquakes generally occur below the reflector in the subducting oceanic mantle, while down dip of this line earthquakes migrate above the reflector into the subducted oceanic mantle.  This may be due to the onset of eclogitization which is expected to begin at 40 km depth. Low velocities in the mantle wedge may imply the existence of serpentinite.  This section goes from the coast at 47.5 N, trending NW parallel to relative plate motion.


L
Lower Continental Crust

mBefore the slab Moho reaches a depth of 45 km most intraslab
earthquakes occur within the subducting mantle, consistent with
temperature induced serpentinite dehydration.

mEast of this contour most intraslab earthquakes occur within the
subducting crust, consistent with pressure induced basalt-to-eclogite
dehydration reactions.  (Preston et al., 2003)



Very few earthquakes on plate interface with thrust mechanisms

Trehu et al, Geology, 2008
A Mag. > 3.5 since 1989 B Magnitude > 1 since 1989
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Presentation Notes
Figure 12. Cartoon representation of the dominant stress
Figure 7. Stress inversion results. Maximum horizontal compressive stress is shown by the red arrows plotted at the center of each group. Locations of earthquakes are colored according to their cluster.
Figure 12. Cartoon representation of the dominant stress orientations (red arrows) in southwest British Columbia. The red crosses in circles represent motion into the page
due to the northward push of the Oregon Block, which changes the stress orientation.
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Presenter
Presentation Notes
Figure 8. Diagram illustrating intraslab stresses (opposing or diverging arrows) and forces (white arrows) acting on the JDF plate. Thin dashed lines with an arrowhead on the incoming plate are approximate trajectories of absolute plate motion, indicating clockwise block rotation with a pole of rotation in the Pacific hotspot reference frame of Gripp and Gordon (2002) at 39°S 62°E.


Cascadia Seismicity

— Plate interface earthquakes

Very few earthquakes with thrust mechanisms, though some in Oregon

Continuum of processes from stabling at depth to small slow slip events to
large slow slip to megathrust earthquakes

— Intraslab earthquakes:

Largest events are 1949, 1965, 2001 in south Puget Sound region
Very few events in Oregon because low membrane strain rate?
Mechanism are down-dip extension/slab-normal compression

Under Vancouver Island see shallow down-dip compressions, from locked
zone?

Gorda Plate N-S compression from Pacific Plate push

— North American Crust

Very active under Puget Sound, quiet throughout most of western Oregon
High rate of deformation in Olympic Peninsula, but little seismicity
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Presentation Notes
Figure 5. Spatial distribution of NVT with respect to local seismicity. (left) West‐to‐east cross sections
illustrating the spatial anticorrelation of NVT (black circles) and local seismicity (white circles). Plate interface
is from McCrory et al. [2004] (blue curve). Holocene volcanoes within the specified latitude
ranges are plotted. (right) Smoothed histograms of counts of NVT and seismicity binned per 0.1° longitude
corresponding to the latitude ranges in Figure 5 (left).


 Earthquakes (white) avoid tremors (black)

» Offshore sedimentary basins correlate with tremor segmentation
Boyarko and Brudzinski, 2010
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Presentation Notes
Figure 1. Distribution of southern Cascadia NVT epicenters from eight episodes between November
2005 and August 2007 (black circles). (a) Comparison with interplate thermal, depth, and coupling contours.
The 350°C–450°C and 600°C thermal contours (white curves) are from Hyndman and Wang [1995]
and Bostock et al. [2002], respectively. The 30 and 40 km surface projections of the subducting plate
interface are from McCrory et al. [2004] (blue curves) and Audet et al. [2010] (red curves). Dashed line
represents the downdip edge of long‐term interplate coupling from Burgette et al. [2009]. (b) Comparison
with local seismicity (white circles) from the Advanced National Seismic System (ANSS) earthquake
catalog. Large seismicity (Mw > 6) are plotted as red stars. Open triangles correspond to Cascade volcanic
centers. The colored base map shows topography and bathymetry. (c) Interpretation of segmentation
throughout the ETS zone. The dashed lines correspond to long‐term segmentation boundaries identified
by Brudzinski and Allen [2007]. The dotted lines correspond to subsegment boundaries found during the
2 years studied. Shaded area corresponds to the approximate boundary between the Klamath and Siletzia
geologic terrains. Black polygons depict locations of offshore fore‐arc basins from Wells et al. [2003]
thought to represent seismogenic zone asperities.


Transition zone?

Image from Steve Malone
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Presenter
Presentation Notes
Figure 1. Map illustrating patterns in episodic tremor and slip (ETS)
along the entire Cascadia subduction zone. Colored base map shows
topography and bathymetry. Dashed line onshore marks 40 km depth
contour of the subduction interface. Arrows and associated annotations
show directions and speeds of subduction relative to North
America. Locations of continuous global positioning system stations
(squares) and broadband seismometers (triangles) that exhibit
ETS are shown, with colors indicating the recurrence interval when
multiple ETS events were observed. Recurrence intervals establish
three zones that are labeled based on the continental terrane block
with which they are associated.
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Presenter
Presentation Notes
Plot of along strike patterns of ETS and upper plate features. (A) Top panel shows distinct variations in ETS recurrence with symbols as in Fig 1 and vertical bars show 1σ of observed intervals. Bottom panel shows topography above the 40 km depth contour of the subduction interface, in the middle of ETS observations. Topography is inversely correlated with ETS recurrence, roughly matching the primary continental terranes of different age and composition (Wrangellia, Siletzia, Klamath). (B) Top panel shows "phase" of ETS for 7 different segments along the subduction zone from ETS timing at individual stations. Horizontal grey lines connect stations that record ETS within a month of one another. Bottom panel shows color shaded gravity anomalies and locations of offshore fore-arc sedimentary basins (white lines), features which have been correlated with megathrust asperities on the subduction interface in recent global studies (Wells et al., 2003). Vertical dashed lines show apparent edges of ETS segmentation from currently available data that seem to correlate with megathrust segmentation from the 5 largest sedimentary basins. To deal with trench curvature, station latitudes are those when projected on to 40-km contour (black curve). 
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Cascadia Tremor Swarms

120,000 5-minute windows of tremor
Tremor clusters in space and time

2 /5 tremor swarms

Duration range: 1 -> 450 hours

Large swarms correlate with geodetic slip
called Episodic Tremor and Slip

Tremor duration ~ seismic moment
N ~ ¢66

N ~ 10°°MwW Gutenberg Richter relation b=1.0



Total ETS Slip Accumulation

= o

w

Region 1

n
mm of slip / km?®

# Tremors / km?
# Tremors / km?*
mm of slip / km?®

.

mm of slip
# Tremors [ km?
~n w
mm of slip / km?
# Tremors / km?
mm of slip / km*

-

w

| LT~

-123 -122

r
na

-

mm of slip / km?
1

# Tremors / km?
# Tremors / km?
mm of slip / km?*

n

w

e

Region 4

;
2 s
: :
E

5 £

# Tremors { km?
mm of slip / km®

-

q"‘-----.---
0] 80 120 160 200 20 25 30 35 40 45 50 56 60
km ssasess Slip km

=——— ETS Tremor
Inter—ETS Tremor  Flate Interface Depth

Strike Perpendicular Distance

[ 1T

—124 =123 =122

Gomberg et al., GSA Bull S
2010 o

longitude

2
Slip (cm)






Presenter
Presentation Notes
Mw = 2/3 log10(Mo)+c = 2/3 log10(a tau) +c = log10(a^2/3 tau^2/3)+c ; 
c = -2/3*9.05



Reference line

Updip Edge
Reference Line 30, 40, 50 km
> (95% tremor) Plate Contours
: — —— [McCrory, 2006]
0 100 200

Blue dots = Study area
e Longest, most complete data set
« Shallowest plate dip



arge vs. smal

Small Events < 20 hour = blue
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Up-Dip Migration
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Cumulative totals from 0 to 20 kms
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Cumulative totals from 20 to 40 kms
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40 — 60 km

Cumulative totals from 40 to 60 kms
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60 — 80 km

Cumulative totals from 60 to 80 kms
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Tremor and the
transition zone
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Cascadia

ate Convergence
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Conclusions

Tremor clusters in space and time to form swarms

Large tremor swarms correlate with geodeic slow slip (ETS)
Tremor initiates down dip and propagates updip

Nucleation phase takes about 5 days

Followed by 10 km/day along-strike propagation

Gradation from frequent small tremor swarms downdip to
large infrequent slip updip

Explained by stable sliding at depth and up-dip stress
transfer from each slip event

Swarms follow Gutenberg-Richter logarithmic
frequency-magnitude relation

Tremor amplitudes strongly modulated by tides and stress
from surface waves -> weak fault

Low Frequency Earthquakes:
» 100 events within 200 meters of each other, suggests small source size
* Duration up to 2 s, suggests propagation velocity < 100 m/s
Tremor locates at plate interface and consistent with thrust
mechanism

Dragert
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