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Outline

The 6 March 2017 earthquake in Linthal, Switzerland, M4.6

Earthquake source analysis and mechanism

GPU-based wave propagation solver and synthetic seismograms

Validation with synthetic seismograms, analytical solver
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6 March 2017 Linthal, Glarus
M4.6, depth 5.7 km
Swiss Seismological Service
www.seismo.ethz.ch

EGU22–SM8.1 – cross-validation GPU solver, earthquake modeling Alvizuri, Alkhimenkov, Podladchikov 3



Earthquake source mechanism (moment tensor) and source-type analysis
Methodology:

Efficient search
moment tensor space
for best sol. (10M)

Estimation of Full
Moment Tensors,
Including Uncertainties,
for Nuclear Explosions,
Volcanic Events, and
Earthquakes

(JGR Solid Earth,

Alvizuri et al., 2018)

Seismic waveforms

Moment tensors

Source-types
(lune diagram)

10 secs. 100 secs.
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Event 20170306201207000 Model ch Depth 4

FM 170 68 5 Mw 4.00 γ   0 δ  13 rms 1.958e−01 VR 96.2 pol_wt 999.00 

Filter periods (seconds): Body:0.50−2.50. Surf:12.50−25.00 duration: 1.00/0.50 s

# norm L1    # Pwin 10 Swin 200    # N 48 Np 0 Ns 142

Event 20170306201207000, M 4.00
Lon    8.9300, Lat   46.9100
Dep 4.2 km (inversion 4 km)

(γ, δ)VR = (0°, 13°) (γ, δ)p = (3°, 16°)
max max

[No polarities]

p(v,w)

(a)

(b) (c)

(d)

(e)

(f) (g)

6˚ 7˚ 8˚ 9˚ 10˚

46˚

47˚

48˚
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Earthquakes → Moment tensors → Source-types → Classification

Explosions, earthquakes, collapses,
cracks, CLVD, etc.

Different earthquakes map into different
regions of lune (source-type diagram)

Earthquake source classification

Earthquakes with space, time

+ISO

-ISO

CLVD CLVD

Explosions
Earthquakes
Collapses
Other Volc.

MAY

JUN

JUL

Alvizuri et al., EPSL, 2021

EGU22–SM8.1 – cross-validation GPU solver, earthquake modeling Alvizuri, Alkhimenkov, Podladchikov 5



GPU based wave propagation solver and source-type analysis

Yury Alkhimenkov

+ISO

-ISO

CLVD CLVD

Explosions
Earthquakes
Collapses
Other Volc.

MAY

JUN

JUL

Alvizuri et al., EPSL, 2021

Cross validation of a hydro-mechanical GPU solver for anisotropic, porous media and application to seismic waveform
modeling, Geophys. J. Int.(in prep.). Alvizuri, C., Alkhimenkov, Y. & Podladchikov, Y. , 2022.
EGU22–SM8.1 – cross-validation GPU solver, earthquake modeling Alvizuri, Alkhimenkov, Podladchikov 6



Synthetic waveforms for a spherical source, eg a nuclear explosion

A wave propagation solver

Efficient generation of
synthetic seismograms

Earthquake nucleation
with moment tensors and
spontaneous earthquakes

GPU based, efficient,
CUDA, C++, Matlab
interface

Resolving wave propagation in

anisotropic poroelastic media using

graphical processing units (GPUs).

Alkhimenkov et al., 2021, JGR Solid

Earth
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Synthetic waveforms for a double-couple earthquake

EGU22–SM8.1 – cross-validation GPU solver, earthquake modeling Alvizuri, Alkhimenkov, Podladchikov 8



Takeaways

An efficient wave propagation solver

Anisotropic poroelastic media,
coupled hydro-mechanical

Earthquake nucleation

moment tensors
spontaneous earthquakes

Waveform generation

Source-type analysis

Earthquake nucleation and
classification

+ISO

-ISO

CLVD CLVD

Explosions
Earthquakes
Collapses
Other Volc.

MAY

JUN

JUL

EGU22–SM8.1 – cross-validation GPU solver, earthquake modeling Alvizuri, Alkhimenkov, Podladchikov 9



Thank you for your attention
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