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Background

NEIC - National earthquake Information Center - USGS group responsible for global earthquake monitoring, and 

domestic monitoring in parts of the U.S.. Also a back-up to regional seismic networks that form part of 

ANSS.

ANSS - Advanced National Seismic System - coop of USGS, NEIC and regional network partners for earthquake 

monitoring in the U.S.

Moment Tensor Inversion - solves for the size of an earthquake and its moment tensor, related to the faulting 

mechanism (‘focal mechanism solution’) of the event.

Finite Fault model - inversion of seismic data (and/or other data, such as GPS & InSAR) to constrain the slip 

history (magnitude, direction, and timing of slip) on the (assumed) fault plane.

Earthquake Detection/Detectors - automated algorithms to search seismic data for earthquake-like signals.

Earthquake Association/Associators - system to group earthquake detections into an earthquake location, 

with an associated origin time. 



Tectonic Setting

Intraslab earthquake, depth ~ 50-55 km (slab 

depth at epicenter ~ 35 km). 

Location in a region of significant transition in slab 

structure, from ~flat slab to the north and east to 

steeper slab to south and west.

Earthquake epicenter near margin of Yakutat 

terrane (responding to tensional stresses caused 

by more buoyant oceanic plateau).

Mainshock hypocenter in good agreement with 

slab modeling, beneath surface of slab from 

USGS Slab2 model.

Aftershocks (catalog locations) predominantly 

shallower than mainshock, and do not clearly align 

to any single plane. 



Moment Tensor Solution (Focal Mechanism)

USGS W-phase CMT

Mw 7.04  [Mw = 7.0]

Nodal plane:

Dip 62o, Strike 189o, Rake -88o

Depth = 45.5 km

Lamont Global CMT

Mw 7.05  [Mw = 7.1]

Nodal plane:

Dip 64o, Strike 189o, Rake -89o

Depth = 48.2 km

Global moment tensor solutions for this earthquake 

are near-identical; moment estimates ~2% different to 

one another. 

=> Well-constrained, shallowly dipping ~E-W tension 

axis, in good agreement with tectonic setting.  



USGS Slip Inversion

USGS finite fault model V1 

posted within a few hours of the 

earthquake.

Fits to globally distributed 

seismic data do not indicate 

preference for either nodal 

plane.

Slip initiates deeper than 

hypocenter and propagates to 

north and up-dip. 

Peak slip ~ 2-3 m in these early 

models.

Source duration ~10-15s. 



Which Fault Plane?

Forward Modeling GPS Data
WEST DIP

EAST DIP

Forward models of geodetic data at surface 

indicate slight preference for west-dipping fault 

plane. 

Neither of these models fit GPS data well; misfits 

require slip to be farther west, possibly with higher 

slip magnitude. 



Published Slip Inversion: 

Liu et al., GRL 2019

Intraslab Deformation in the 30 November 2018 

Anchorage, Alaska, MW 7.1 Earthquake

Chengli Liu, Thorne Lay, Zujun Xie, and Xiong 

Xiong

Similar results revealed by published study from 

Thorne Lay’s group - slight preference for 

westward dipping fault plane, slip predominantly 

deeper than and to north of mainshock hypocenter, 

propagating up-dip. 

Epicenter at AEC location. 

Hypocenter depth ~ 55 km. 

Peak slip ~ 2m.

Source duration ~12s. 



Published Slip Inversion: 

Liu et al., GRL 2019

Similar results revealed by published study from 

Thorne Lay’s group - slight preference for 

westward dipping fault plane, slip predominantly 

deeper than and to north of mainshock hypocenter, 

propagating up-dip. 

USGS model V1,  

west-dipping plane



GPS Displacements

Layered model vs Halfspace

Misfit between forward-predicted surface geodetic 

displacements (using a half-space based velocity 

model) vs those generated directly by FFM 

inversions (i.e., modeled using a layered velocity 

model) show significant differences, particularly in 

the magnitude of surface displacement.

HALF SPACE

LAYERED

GPS fits courtesy of 

Chengli Liu, UCSC



Improved Slip Inversion

Significant improvements to 

preliminary USGS FFM by:

1) Reducing size of sub-faults

2) Shifting epicenter ~5 km to 

west

3) Shifting hypocenter ~ 5 km 

deeper (preferred depth ~ 51 

km).

4) Slightly steeper fault plane 

(preferred dip 65o).  

5) Repicking Body-wave onsets

6) Allowing slower rupture 

expansion (Vr 0.5-3.75 km/s)



Improved GPS Fits

Fits to geodetic data improve significantly with 

updated FFM:

1) direction of surface displacement now well-

matched

2) Match to magnitude of displacement improved 

3) Further improvement likely with layered velocity 

model

4) Forward-predicted displacement from this 

model improved over published Liu et al. model

EARLY MODEL

UPDATED





Aftershock Detection With Machine Learning

Using a convolutional neural network phase detection algorithm

Thanks to Zach Ross, Caltech



Existing Catalog (ComCat/AEC)

events



Enhanced Catalog

events



Example

Detections



Ross Gen. Phase Detector  + Glass3

(14,779 events)

ComCat Events (NEIC and AK Observatory)

(7,948 events)



December 31, 2018

November 23, 2018

Left: Ross GPD + Glass3

Right: ComCat Events  

View to the east (front of slab) 

View to the north (slab profile) 

N

Zoomed-in view to the north 



Summary - Implications for Tectonic Understanding & Future Hazard

Source characteristics of mainshock reveal:

1) Well-constained, shallowly dipping ~E-W tension axis, in good agreement with tectonic setting (sharp 

transition in slab dip from NW-to-SE). 

2) Finite fault models favor steeply west-dipping fault plane of CMT solutions (dip ~ 65o, hypocenter depth ~ 

50-55 km). 

3) Both published and USGS fault models reveal 2-4m peak slip propagating down-dip from hypocenter and 

then up-dip to the north, away from Anchorage. 

4) Aftershock distribution revealed by early aftershock relocations implies fault complexity, and possible 

activation of both planes of the focal mechanism solution. FFMs including this complexity do not (yet) 

significantly improve waveform fits.

5) Machine learning algorithms show great promise for improving earthquake detection capabilities, and thus 

improving our understanding of future earthquake sequences. 

6) Complexity speaks to difficulty of accounting for such earthquakes in hazard analyses; not only are 

recurrence rates uncertain, but so are faulting geometries and maximum magnitudes. 



~25 M6.5+ intraslab EQs in ComCat over past 30 years, globally 



Questions?

Contact:

Gavin Hayes, ghayes@usgs.gov (Source characteristics)

Will Yeck, wyeck@usgs.gov (EQ Detection & Machine Learning)

mailto:ghayes@usgs.gov
mailto:wyeck@usgs.gov


Extra Slides



Anchorage EQ - NEIC Response Timeline












