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• Understanding the depth extent of creep is important for hazard assessment and 

follow-on models.

• Depth extent is hard to estimate for vertical strike-slip faults.

• Alignment arrays or other near-fault measurements provide good constraint on the 

shallowest creep rates.

• InSAR can reveal high creep rates, but low creep rates are still hard to measure in 

highly vegetated areas like much of northern California.

• GNSS coverage is spatially sparse, but it provides 3D velocities and is needed as 

a constraint when developing a 3D velocity field that includes InSAR data.

• USGS Earthquake Science Center has compiled a multi-decade dataset of 

campaign GPS observations for northern California (and elsewhere) that 

complements alignment array and InSAR data.

Bottom Line Up Front
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Early Geodetic Measurements

• USGS monitored 

trilateration networks for 

crustal deformation 

measurement from 1959 

– 1993

• Used to study broad-

scale plate boundary 

deformation and fault 

creep (also coseismic 

and postseismic).
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Early Geodetic Measurements

• USGS monitored 

trilateration networks for 

crustal deformation 

measurement from 1959 

– 1993

• Used to study broad-

scale plate boundary 

deformation and fault 

creep (also coseismic 

and postseismic).

• Data are still available

https://earthquake.usgs.gov/monitoring/deformation/geodolite/
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Mid-1990s: Transition to Campaign GPS

https://earthquake.usgs.gov/monitoring/gps
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History of Campaign GPS Measurements

Geographic focus

• Has evolved due to

• Programmatic 

research priorities

• Growth of continuous 

GNSS networks

• Reduction in 

personnel

• Complements partner 

efforts

• Maintains core coverage in 

Bay Area, Maacama, and 

Bartlett Springs faults
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Northern California Campaign GPS Velocity Field

[Velocities relative to stable North America]
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Northern California Campaign GPS Velocity Field

https://earthquake.usgs.gov/monitoring/gps

[Velocities relative to stable North America]
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Coordinated Observation with Campaign GPS and Alignment Arrays

• Green Valley fault

• South Napa postseismic

Bartlett Springs fault

[Velocities relative to stable North America]
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Bartlett Springs Fault Creep Measurement

• The USGS Earthquake Science Center established a campaign GPS 

network in 2005 to measure deformation near Scott Dam (Lake Pillsbury)

• Included an alignment array at north end of lake and three GPS sites 

spanning fault zone

• Episodic creep evident in cracked pavement

Forrest McFarland 

(c. 2006)
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Continued GPS Measurements of Bartlett Springs Creep Rate

6.7 mm/yr

3.6 mm/yr

[Positions and velocities relative 

to stable North America]
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Northern CA Slip and Creep Rate Model

Murray et al. 2014

Bayesian inversion for long-term (deep) slip rates 

and along-strike creep rate variation in upper 5 km.

Slip rates below 

locking depth
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Lozos et al., GRL (2015)

Differences in assumed creep rate distribution 

strongly impact the results of follow-on models
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Lienkaemper et al. (2014)

Creep rate distribution influenced geodetic slip rates and moment 

rate reduction used in NSHM 2023 update

Johnson et al. (2022)

The Importance of Constraining the Depth Extent of Fault Creep 
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Shen and Liu (2025)

GNSS Contribution to Increased Spatial Resolution

• Campaign GPS densifies 

coverage within a locking 

depth of the fault

• Three-component GNSS 

data provide constraints 

for leveraging spatially 

dense InSAR LOS data to 

obtain 3D velocity field
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Deriving Surface Creep Rates from InSAR Data Remains Challenging

Johnson et al. (2022)

Vegetation and low creep rates are impediments in 

many parts of northern California
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• Understanding the depth extent of creep is important for hazard assessment and 

follow-on models.

• Depth extent is hard to estimate for vertical strike-slip faults.

• Alignment arrays or other near-fault measurements provide good constraint on the 

shallowest creep rates.

• InSAR can reveal high creep rates, but low creep rates are still hard to measure in 

highly vegetated areas like much of northern California.

• GNSS coverage is spatially sparse, but it provides 3D velocities and is needed as 

a constraint when developing a 3D velocity field that includes InSAR data.

• USGS Earthquake Science Center has compiled a multi-decade dataset of 

campaign GPS observations for northern California (and elsewhere) that 

complements alignment array and InSAR data.

Take-home Points
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