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California Deformation and Uplift
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California Deformation and Uplift
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Major Features Delineated

- San Andreas Fault system

- Sierra Nevada - Great Valley microplate

- Central Valley pumping
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Climatic Changes Observed in Loading

Lake Oroville, 19 August 2014

. UNR GPS NA12 solution
Drought Crisis

ORVB

East (cm)

2000 2002 2004 2006 2008 2010 2012 2014 2016

North (cm)
o
o

e R Al i y 7L T e AWl
-0.2 ) || | Y A .I I' I\ |1 e ]

o (I I | Pt

2000 2002 2004 2006 2008 2010 2012 2014 2016

Lake Oroville, 11 February 2017
Dam Crisis ~200k people evacuated

WNHORN WA
T

[
L

2004 2006 2008

Vertical (cm)

00 2002 2010 2012 2014 2016

N
o

http://geodesy.unr.edu



Climatic Changes Observed in Loading

ORVB - NA12 - Cleaned
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What do we want to learn?

1/ Is Seasonal Hydrological Loading
Modulating Seismicity?

Are faults responding to stress perturbations with annual periods?
Is the crust critically stressed?

What is the failure mechanism for earthquake nucleation?

2/ Are Other Natural Deformation
Sources Contributing?
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Coulomb Failure{and Mohr Circles
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Coulomb Failure and Mohr Circles

/ Critically Stressed / Near Failure
A0¥F?
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Coulomb Failure and Mohr Circles

O, 0, perturbation ~ 5 kPa Compression

+— Tension Compression =——p
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Coulomb Failure and Mohr Circles

O, 0, perturbation ~ 5 kPa Tension

+— Tension Compression =——p
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Seasonal Loading
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Seasonal Loading Modulating
Seismicity on California Faults

i. Motivation — Annual Loading Cycles
i. Nepal, Japan, and California

ii. Seasonal Loading and Deformation
i. Modeling Efforts
ii. Stress calculations

ili. Stress and Seismicity Analysis

i. Is Seasonal Hydrological Loading
Modulating Seismicity?
ii. Are Other Loading Sources Contributing?
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Water/Snow Loading Examples
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Water/Snow Loading Examples
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Water/Snow Loading Examples

Estimated Water Thickness } Line Load Stress Estimate

Seasonal Deformation in California ~ /  Depthisim
— ~1.5 kPa Stress Estimate ‘ / \

Stacked seismicity along SAF
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Periodicity in Seismicity Records

Evidence for Stress Modulation
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Annual Periodicity

Three Independent Tests
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Seasonal loading modulating
seismicity on California faults

i. Motivation - Annual Loading Cycles
i. Nepal, Japan, and California

ii. Seasonal Loading and Deformation
i. Modeling Efforts
ii. Stress calculations

ili. Stress and Seismicity Analysis

i. Is Seasonal Hydrological Loading
Modulating Seismicity?
ii. Are Other Loading Sources Contributing?



Elastic Load Model

2.0

- Effective Water Storage
estimated from vertical ¢ |
GPS displacement :? Remove of 1 m of water

+ GPS Stations in the £ 0 from 25km region
Central Valley omitted s  ertn

+ Invert displacementfor =~ | rorens
mass on surface and T
estimate water storage Distance (km)

Inversion following Argus et al., 2014 and Fu et al., 2015
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Effcti Water rage
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GRACE /| GLDAS Comparison

- Gravity Measurements to Infer Water Storage
- Composite models
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Deformation Modeling

e Assume Linear Elastic
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Seasonal loading modulating
seismicity on California faults

i.  Motivation — Annual Loading Cycles
i. Nepal, Japan, and California

ii. Seasonal Loading and Deformation
i. Modeling Efforts
ii. Stress calculations

ili. Stress and Seismicity Analysis

i. Is Seasonal Hydrological Loading
Modulating Seismicity?
ii. Are Other Loading Sources Contributing?
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Is Seasonal Hydrological Loading
Modulating Seismicity?

The seasonal stress change on the focal plane
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Percent excess M>2.0 seismicity

Excess Seismicity N, Plot
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Percent excess M>2.0 seismicity

Excess Seismicity N, Plot
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-1.9 kPa is minimum shear stress in
the population
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Percent excess M>2.0 seismicity
Shear Stress Amplitude and Rate
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Failure Mechanism

e Critically Stressed
* Increase o, or Decrease in o4
— Oblique / Dip-slip — Optimally Oriented

* Low strength, weak fault

— Strike - slip small shear stress change
— Shallow SAF y=0.15 (Lockner et al., 2011)

G Tension Compression mp
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Lab and Model Comparison
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Water Loading Seasonal Stresses on the
UCERF3 Community Fault Model
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Average Monthly Stress
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Are Other Loading Sources Contributing?

Surface Water  Non tidal Ocean
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Are Other Loading Sources Contributing?
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Loading Contribution on SAF

Amplitude and Time Lag w.r.t. Total Loading
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What Load Contributes the Most?
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Failure Mechanism

* Critically Stressed
* Increase o, or Decrease in o4

— Oblique / Dip-slip — Optimally Oriented
* Low strength, weak fault

— Strike — slip small shear stress change
— Shallow SAF y=0.15 (Lockner et al., 2011)

o)
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NCSS Focal Mechanisms
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Background Stress Orientation
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ANSS Catalog M>1.7
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Excess Seismicity
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1/ Is Seasonal Hydrological Loading
Modulating Seismicity?

Are faults responding to stress perturbations with annual periods?
Hydrological loading is a large contributing factor in the modulation
of earthquakes from the annual stress cycles

Is the crust critically stressed?
Excess seismicity from a 1-5 kPa

What is the failure mechanism for earthquake nucleation?

Positive correlation with peak stress amplitude suggests an
instantaneous threshold failure stress. Positive correlation with peak
stressing rate suggests agrees with lab and model results

2/ Are Other Natural Deformation
Sources Contributing?

All natural loading cycles should be considered when analyzing
seasonal stress cycles. Water and Pole-tides are largest.

Seismicity indicates more events when loading alignh with ambient
background stress orientation.
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