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Our 

reference 

set of 

photos were 

taken in 

January 

2009

January 2009 Camelia Dr, Fremont



March 2026 Camelia Dr, Fremont



Creep at Willits and Ukiah on the 
Maacama fault (warmer colors east of the 
fault trace = relative eastward motion) 

Swiatlowski, 2019



1. InSAR can be great for finding 
creep, but noise and acquisition 
geometry can be problems

2. We probably need 3D velocities

3. Repeating earthquakes give you 
sensitivity to creep at depth



We* produced a statewide InSAR velocity map for California using ARIA 
standard product interferograms (Sentinel-1, geocoded and unwrapped)

*Gareth Funning, Simran Sangha, 
Marin DƻǾƻǊőƛƴ and David Bekaert

4 ascending tracks 5 descending tracks

(expanded view of 
overlapping tracks)

Simran Sangha Marin DƻǾƻǊőƛƴDavid Bekaert



InSAR velocity profiles: central San Andreas fault 

Take strike-perpendicular profiles every 2 km along the fault surface trace (USGS/CGS Qfaults)



Jin and Funning, 2017





We estimate shallow 
creep rates (squares) for 
over 50 active fault 
segments in California

Åestimates every 2 km 
(2100 profiles!)
Åred: right-lateral 

blue: left-lateral 
white: no creep 



CholameParkfield

28 mm/yr





Mission Creek/Coachella SAF

segmentation?



6 mm/yr
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Signal loss due to 
decorrelation

Unreliable estimates 
from noisy data



Extreme estimates of 
creep rate when strike 
is close to N-S!



Li-Chieh Lin, SCEC 2025
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Li-Chieh Lin, SCEC 2025

ΧŀƴŘ ǿŜ ǎŜŜ 
significant 
fault-
perpendicular 
deformation 
rates that 
could map 
into creep! 



Mapping aseismic slip seismically!

small locked patches

Stuck patches surrounded by 
creep must keep up by failing 
in periodic, small 'repeating 
earthquakes'



instrument

source

recorded signal = source ü path ü instrument

path

Nader Shakibay Senobari

Oct 22, 1992

Dec 03, 1997

Sep 02, 2005

Mar 14, 2012

Identical 
waveforms = 
repeating 
earthquakes 
(REs)!



Confirmed REs [59 families]  

High CCC [48]

Single pairs [91]

REs classified by 
confidence:

ÅAt least 3 events
ÅCCC 0.9 or higher 

on 3 stations
ÅDD relocated 

Shakibay Senobari and Funning, 2019



REs High CCC Single pairs

Maacama fault along-strike profile

Most of the high CCC events are within the 'streak' of microseismicity that deepens 
to the NW 

NW SE



Norma Contreras



InSAR GPS

Alinement 
arrays

Å Triangular element mesh 
fitted to seismicity

Å Deep dislocations beneath 
major faults

Å Boundary Element Model

REs



Hayward fault: mechanical slip model

Hayward fault elements are 
either locked (zero slip) or 
creeping (zero traction)


