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Structural heterogeneity in the Alaska subduction zone and its influence on interplate megathrust earthquakes
WANG Chaoping', LIU Xin', ZHAO Dapeng’, GUO Lingli', GOU Tao’

1. Key Lab of Submarine Geosciences and Prospecting Techniques, MOE, College of Marine Geosciences, Ocean University of China, Qingdao 266100, China
2. Department of Geophysics, Graduate School of Science, Tohoku University, Sendai 9808578, Japan
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Abstract: The subduction of the Pacific Plate beneath the North American Plate causes frequent occurrence of interplate megathrust earthquakes
in the Alaska forearc. However, the distribution of megathrust earthquakes is not uniform and their causal mechanism is still not clear. To clarify
this issue, we collected teleseismic waveform data recorded at 268 seismic stations deployed in Alaska during 2018-2019, and measure the
teleseismic fundamental mode Rayleigh-wave amplitude and phase data at periods of 25~ 100 s. We applied a seismic tomographic method to
determine a new three-dimensional shear-wave velocity model of the upper mantle beneath Alaska. Our tomographic results revealed lateral
structural variations along the trench beneath the Alaska forearc. Beneath the source zones of megathrust earthquakes, the subducting slab
exhibits an obvious high-velocity anomaly and is supported by a subslab with obvious low-velocity anomalies. These features suggest possible
convergence of the asthenosphere beneath the source zones of the megathrust earthquakes, which may strengthen the coupling between the
subducting slab and the overlying plate by increasing the slab buoyancy, and thus affect the generation of the megathrust earthquakes.

Key words: seismic tomography; megathrust earthquake; shear wave; Rayleigh wave; Alaska subduction zone
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Fig.1 Distributions of seismic stations and teleseismic events used in this study

a: Distribution of seismic stations (blue squares), red triangles denote active volcanoes, black sawtooth line denotes the Aleutian trench, red lines show

aftershock zones of the 1957, 1946, 1938, and 1964 megathrust earthquakes from the west to east along the trench ['”); b: distribution of teleseismic events (red

dots), black square shows the study area, green dashed lines denote plate boundaries.
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Fig.2 An example of measuring teleseismic Rayleigh-wave data

a: A teleseismic event (M6.5, focal depth 35 km) took place on September 5, 2018 (blue star). Red square denotes a seismic station XO.ET19; b: broadband

three-component seismograms of the teleseismic event recorded at the station

shown in (a); c: gaussian-filtered Rayleigh waves (blue lines) in the periods of

25~100 s. Black lines are envelopes; d: normalized amplitudes of the envelopes. Red lines in (b) and (c) denote broadband Rayleigh waves. Green diamonds in

(c) and (d) are the arrival of the fundamental mode Rayleigh-wave picked group in each period.
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Fig.3 Dispersion curve of average phase-velocity of Rayleigh-wave in Alaska
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Fig.5 Plane views of Rayleigh-wave phase-velocity tomography for six periods in Alaska

Red beach balls from the west to east along the trench denote focal mechanisms of the 1946 Mw 8.2, 1938 Mw 8.3, 2021 Mw 8.2, and 1964 Mw 9.2 megathrust

earthquakes, respectively. Black arrows show the moving directions of the Pacific plate '
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Fig.6 The parameters of the shear-wave velocity tomography

a-b: The sensitivity kernels of Rayleigh wave phase velocity anomalies of different periods to the disturbances of P-wave and shear wave velocities (V}, and V)

at different depths (as shown by the colored lines); c: the one-dimensional , (blue line) and ¥ (red line) models for the Alaska region obtained in this study.

The gray line represents the modified AK 135 model for the continental region **); d: the trade-off curve for the damping coefficient selection; the optimal

damping coefficient was 100; e: the distribution of the Rayleigh wave phase velocity residuals before (gray line) and after (red line) inversion, as well as the

root mean square value of the Rayleigh wave phase velocity residuals before and after inversion (the numbers in the upper left corner).
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Fig.7 Plane views of shear-wave velocity tomography at six depths

White lines denote the upper boundary of the subducting Pacific slab at different depth:
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Fig.8 Profiles of Alaska shear-wave velocity tomography

The positions of cross-sections are shown in blue lines in the inset map. Red triangles denote active volcanoes close to each cross-section. Blue reverse triangles

denote the Aleutian trench axis. Black thin and thick lines in each cross-section denote the Moho discontinuity®®* and the land area, respectively. White circles
in each cross-section show the background seismicity'™. Red (Mw=8.0) and blue (8.0>Mw =7.0), and green (7.0>Mw =6.0) stars show shallow megathrust

earthquakes. Yellow dots show low-frequency earthquakes. Green lines in the inset map show depth contours of the upper boundary of the subducting Pacific
slabP*", Colorful beach balls in the inset map denote focal mechanisms of shallow large thrust earthquakes, whereas black beach balls show focal mechanisms

of other types of shallow large earthquakes (Mw=6.0). Purple lines in the inset map denote areas of slow slip events!*”.
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Fig.9 The test results on the resolution of the tectonic reconstruction in Alaska as shown in the output shear wave velocity model

The input model for this test is shown in Fig. 8. The markings in the figure are the same as in Fig. 8.
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depth of 50km; c: shear-wave velocity anomaly at a depth of 200 km. Brown lines in (b) and (c) show the areas with high interplate coupling "*. The markings

in the figure are same as in Fig. 8.
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Fig.11

Results of a checkerboard resolution test

a-c: Plane views of input ¥, model at different depths; a’-c’: Plane views of output V; model at different depths; d: the vertical profile of the input V; model;

d’: the vertical profiles of the output ¥ model. The position of the profiles are along the purple lines in a-c and a’-c’.
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Fig.12 Resolution test on the reconstruction of tectonic features of the Pacific lithosphere-asthenosphere subduction system

in the Alaska forearc

a: The abnormal reconstruction of shear-wave velocity in the forearc region along the A-B profile; b: the velocity anomaly reconstruction at a depth of 50 km, c:

the velocity anomaly reconstruction at a depth of 200 km. The markings in the figure are same as in Fig. 8.
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