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Percentage of total seismic 
moment since 1900

Global seismic moment release is dominated by 
megathrust earthquakes
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Kamchatka, November 4th, 1952, Mw 9.0 (USGS)
• First great earthquake of the 20th Century
• Local tsunami destroyed town of Severo-Kurilsk (pictured), estimated 

15 m runup, likely over 1000 fatalities
• Up to 6 m of runup in Hawaii (Oahu), 4 m in Japan,  2 m in New 

Zealand,  1.8 m in Chile and Ecuador, 1.5 m in Aleutians (Attu), 0.19 m 
in La Jolla (source: HTDBWLD)



MacInnes et al., 2010
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Kamchatka, July 29th, 2025, Mw 8.8 (USGS)
• Up to 5 m of runup at Severo-Kurilsk (pictured), no fatalities
• Tsunami warning issued across Pacific basin
• Wave heights up to 1.7 m of in Hawaii (Maui), 1.3 m in Japan,  2.5 m in 

Chile, 0.7 m in Aleutians (Adak), 0.18 m in La Jolla (source: HTDBWLD)



Some questions I hope to answer:

1. How can we identify potential 
earthquake source regions objectively 
with geodetic data?

2. What do geodetic data tell us about the 
2025 earthquake source?

3. Was either of the last two Kamchatka 
megathrust earthquakes the big one (or 
were they partial ruptures)?



1. How can we identify potential 
earthquake source regions 
objectively with geodetic data?



Interseismic campaign GNSS 
velocities from Steblov et al. (2003) 
and Burgmann et al. (2005)



How much of a megathrust is frictionally locked?

Bürgmann et al., 2005

Kinematic, inverse model

(blue=creeping)

Mechanically coupled, forward

model (red=creeping)

• Only a small proportion of fault elements need be fully 
locked in order to produce low-creep zones

• Can we find an objective way to select which ones?



Select a new trial 
model distribution, 
at random

1. Add a new 
locked patch 
at random

2. Remove 
an existing 
locked patch 
at random

3. Change a 
neighbour of 
an existing 
locked patch

Misfit lower 
than before?

Accept 
trial model

yes
no

Reject trial 
model

Accept 
trial model

yes

Misfit 
difference <   
log (rand)?

no

Calculate misfit of 
trial model

+ Green’s 
functions for 
estimating surface 
displacementsLoop a lot of times! * 

* Can run a few 
long chains (e.g. 1 
million samples 
each) or many 
(105) short chains

Metropolis et al. (1953) 
Hastings (1970)
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Periollat and Funning, GRL, in press

• tribem boundary element model code 
(Loveless, 2011) computes slip for a given 
locking distribution

• ‘locked’ elements backslipped at 80 mm/yr
• Green’s functions (Nikkhoo and Walter, 

2015) relate slip to surface velocity

• Mesh of 1638 elements, based on Slab2.0
• Start with 2% of elements locked
• Run 106 chains of 104 samples each
• Look at the ensemble statistics of all of 

the chain end-states



0.45 threshold (45% 
or more of models 
show locking) 
identifies six 
candidate locked 
regions

Cluster 1 is 
consistent with 1952 
and 2025 epicenters

Ensemble 
results

Periollat and Funning, GRL, in press



2. What do geodetic data tell us 
about the 2025 earthquake source?



1 day before the AGU abstract deadline!
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Sentinel-1 InSAR data, processed using ISCE2
• Shortest coseismic interval (12 days, most tracks)
• Applied GACOS troposphere corrections, split-band 

ionosphere corrections
• Applied connected components mask
• Downsampled with a quadtree decomposition 

Ascending Descending



Ascending Descending



Ascending

Direction of maximum phase 
gradient rotates counter-clockwise 
to the SW



Sentinel-1 D162

Coseismic interferogram 
shows dyke intrusion at 
Krasheninnikov Volcano up 
to 1 day before eruption was 
observed!

See poster by Weber et al. 
today!
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Modeling the 2025 earthquake

Scenario 3: Model slip on 
the whole megathrust 
(“unconfined”)

Scenario 2: Variable slip 
within the interseismic 
locked zone we identified

• Same triangular element mesh (based on Slab2.0)
• Displacement Green’s functions computed using code of Nikkhoo and Walter
• (where appropriate) Laplacian smoothing constraint, selected using L-curve method
• Least squares inversion, no positivity constraints
• Rake fixed to plate motion direction

Scenario 1: Uniform slip 
within the interseismic 
locked zone we identified



km

km

M0 = 1.76 × 1022 Nm  (Mw 8.80)
max slip = 3.4 m, rms = 0.23 m

Scenario 1 (uniform slip on 
our proposed locked area): 
• matches seismic moment
• poor fit to SE peninsula
• poor fit overall



km

km

M0 = 7.42 × 1021 Nm  (Mw 8.55)
max slip = 3.4 m, rms = 0.24 m

Scenario 1a (uniform slip on 
subset of our proposed 
locked area): 
• seismic moment too small
• data fit is even worse!



km

km

M0 = 1.85 × 1022 Nm  (Mw 8.82)
max slip = 11.9 m, rms = 0.027 m

Scenario 2 (variable slip 
within our proposed locked 
area): 
• matches seismic moment
• fits data well overall



km

km

M0 = 2.32 × 1022 Nm  (Mw 8.88)
max slip = 9.1 m, rms = 0.023 m

Scenario 3 (variable slip, not 
confined to our proposed 
locked area): 
• larger seismic moment
• fits data well overall
• slip extends to surface and 

further to SW



Which model do I prefer?

I prefer scenario 2! Why?

• Consistent with interseismic locking and 
coseismic deformation

• Fit to data is good (not the best, but more 
than acceptable)

• Limited slip towards the trench, could 
explain modest tsunami



3. Was either of the last two 
Kamchatka megathrust earthquakes 
the "big one" (or were they partial 
ruptures)?



InSAR-based models imply 
larger slip than the slip deficit!

~12 m of peak slip in our preferred model is 
more than double the expected slip deficit 
that would have accumulated between 1952 
and 2025 (~5.8 m)



InSAR-based models imply 
larger slip than the slip deficit!

~12 m of peak slip in our preferred model is 
more than double the expected slip deficit 
that would have accumulated between 1952 
and 2025 (~5.8 m)

What could potentially explain that?
• Rapid postseismic relocking (it would 

have to be very rapid, potentially 
observable post-2025)

• Unreleased slip deficit from before the 
1952 event released in 2025



MacInnes et al., 2010

MacInnes et al. (2010) 
identified five slip scenarios 
that fit tsunami runup data 
somewhat well



MacInnes et al., 2010

Well-fitting models for 1952 tsunami have similar features:
• Large shallow slip
• Slip extends SW of peninsula
• Mw at higher end of possible range (≥ 8.9)



Well-fitting models for 1952 tsunami have similar features:
• Large shallow slip – ruptured further updip than 2025?
• Slip extends SW of peninsula – ruptured further SW than 2025?
• Mw at higher end of possible range (≥ 8.9) – 1.5–2 times bigger than 2025?

Mw 8.8

2025

• 1952 earthquake probably slipped different portions of the megathrust to 
the 2025 earthquake

• 2025 earthquake probably released strain that was not released in 1952
• It is probable that neither event was a full rupture of the megathrust



If 1952 wasn't the "big one", what was?

"Half-rotten driftwood is piled up on the shore 
of Amchitka Island in some places forty and fifty 
feet above the water mark… [this observation] 
is attributed by natives to the terrible 
earthquake of 1737, which shook Kamchatka 
and the Kuril Islands." (Teben'kov, 1825)

From Lander, 1996, Tsunamis Affecting Alaska



Conclusions

• The 2025 Kamchatka earthquake had a smaller tsunami and probably 
a smaller magnitude than the 1952 earthquake

• Our data-driven locking model scheme identifies a locked area that 
agrees broadly with the source region of both events using GNSS data

• We can produce a model that agrees with both the interseismic 
locking and coseismic InSAR data…

• …but we estimate double the slip that would have accumulated 
between the events. Was there unreleased slip deficit from 1952?

Thanks: Roland Burgmann and Kaj Johnson for discussions, support from 
NASA award 80NSSC23K0736 
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