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INTRODUCTION

The thermal state of the crust and mantle in subduction zones is
controlled by the depth of the subducting plate.  With low-angle
subduction, like at the eastern end of the Alaska subduction zone
(Figure 1), colder, less attenuating forearc is extended further
inland from the trench, a�ecting the attenuation of earthquake
ground motions. Inslab earthquake waves in the subducting plate
can propagate up the slab to the forearc region with less attenuation
causing an increase in observed ground motions.

Figure 1: Map of the eastern Alaska subduction zone.  The red line
is the location of the south to north pro�le of Figure 2 (modi�ed
from Jadamec et al., 2013).

In Figure 2, dewatering of the decending plate, volcanism, and
the circulation of hot mantle occurs at plate depths below ~70km.
South of ~63N the mantle wedge beneath the forearc is cold and has
less attenuation like the plates (Stachnik et al., 2004).  Deeper inslab
earthquake waves can propagate up the subducting slab into the
forearc crust with less attenuation than in the backarc.
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Figure 2: South to north cross-section through Anchorage
showing the Slab-2 model with the top of the Paci�c plate (red
line), the bottom of the plate (black dashed line), and the range
of Alaska Moho depths (two blue dash-dot lines).  The asterisk is
the hypocenter of the 2018 M7.1 Anchorage earthquake.

OBSERVATIONS

Figure 3 shows the 1.0 s and PGA observations from the 2018 M7.1 Anchorage
earthquake compared to �ve ground motion models (GMMs).  Longer period
ground motions (1.0 s) are signi�cantly higher than predicted ground motions
from current relations within 50 to 100 km from the epicenter.  At short periods
ground motions show reduced amplitudes (PGA ~0.2 g) due to sediment nonlinear
e�ects in the Anchorage area.  Station 8047 is in a multi-story building in thick
sediments.  Station ARTY is near rock but has topographic and S-wave radiation
e�ects which cause higher ground motions.  ABBK and AMJG are on thin sediments
over rock and are more representative of rock ground motions (0.6 to 0.8 g),
which are higher than predicted.

Figure 3: Observed horizontal ground motions from the 2018 M7.1 Anchorage
earthquake: left - 1.0 s spectral acceleration, and right - peak ground acceleration.

Other inslab earthquakes produce similar increases in ground motions in the 
Cook Inlet and Kenai Peninsula region.  Ground motions from the 2016 Iniskin
M7.1 earthquake are higher than normal in the Cook Inlet region (Figure 4-left).
Some rupture directivity up and to the NE may be involved.  The 2015 Redoubt
M6.3 inslab earthquake also shows increased ground motions in the Cook Inlet
region (Figure 4-right).

Figure 4: Observed horizontal PGAs for the 2016 M7.1 Iniskin (left) and 2015 M6.3
Redoubt (right) earthquakes.  Data points with black asterisks are to the NE of the
epicenter toward the extended forearc and in the direction of possible rupture
directivity.  Labeled stations show unusually low ground motions and fall N to NW
of the epicenter.

UNUSUAL GROUND MOTIONS

Figure 5 plots the log residual (calculated minus observed) relative to the
Abrahamson et al. (2016) forearc PGA GMM at the station locations.  The deeper
inslab earthquakes of Figure 3 both show higher ground motions than predicted
in the extended forearc region.  The lower than predicted ground motions generally
fall in the backarc region.  The up-to-an-order-of-magnitude low ground motions
labeled in Figure 4 fall in the indicated polygon northwest to north of the epicenter
and suggest a possible region of unusually low ground motions in the backarc.

Figure 5: Map of log residuals relative to the Abrahamson et al. (2016) PGA GMM
for the Iniskin (left) and Redoubt (right) deep inslab earthquakes.  Cool colors
indicate lower attenuation and warm colors indicate higher attenuation. Polygons
indicate stations with very low ground motions labeled in Figure 4. Red triangles
are volcanoes near the epicenter (blue star).

CRUSTAL Lg Q

A preliminary crustal Lg Q study (Jambo, 2018) using the approach of McNamara
et al. (1996) reveals the frequency dependent Q for the whole of Alaska and south-
central Alaska.  Figure 6-left shows the location of the 2014-2016 earthquakes used
in the study and the two regions for which Q estimates were made.  Figure 6-right
shows the results with the Q(f ) for all of Alaska.  Our results are similar to McNamara’s
(2000) which were for a smaller region between Anchorage and Fairbanks.  In south-
central Alaska, both the larger subarea and just the forearc portion show less
attenuation below 2 Hz, similar attenuation from 2 to 6 Hz, and a loss of resolution
above 6 Hz compared to the whole of Alaska.  Apparently the forearc a�ects crustal
attenuation below 2 Hz with the possibility of increased ground motions.

Figure 6: Left - earthquakes and south-central region; right - Q(f ) plots.

Red - Whole of Alaska
Blue - South-central region
Cyan - South-central forearc

Blue box - South-central
subregion

Referneces: Abrahamson et al., 2016, Eqk Spectra 32, 23-44;  Jadamec et al., 2013, Earth Plan. Sci. Lttrs. 376, 28-42;
Jambo, 2018, MS thesis; McNamara, 2000, GRL 27, 3949-3952; McNamara et al., 1996, BSSA 86, 457-469;
Stachnik et al., 2004, JGR 109, doi:10.1029/2004JB003018.
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