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What other methods have been used to measure fault creep?
Geodolite – long range (wide aperture) survey instrument – measured deformation over kilometers, required careful 
atmospheric correction from an aircraft. 1 mm resolution, 4-7 mm standard error.

Savage and Lisowski, 1979; Savage, et al. 1998



What other methods have been used to measure fault creep?
Trilateration arrays
Measured by Electronic Distance Meters (EDMs) (~total stations) over distances of 0 - ~5 km (e.g. HP 3800 EDM with 3 
km range) 

Irregular arrays of survey monuments, sometimes using other agency monuments

Errors in the range of 4 mm

Complex geometry – complex math

Savage and Buford, 1973
Lisowski and Prescott, 1981
Prescott et al. 1981



What other methods have been used to measure fault creep?
Alignment Arrays
These take many forms. Many of the early arrays consistent of > 10 survey monuments in a line across a fault with 
another monument or two along the fault so that angles measurements indicate fault displacement.

These are all over California with varying levels of documentation. Many were installed between the late 1960s and mid 
1980s. 
Also: cultural features

Burford and Harsh, 1980
Titus et al 2000s 
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What other methods have been used to measure fault creep?
Creepmeters

You will hear more about these from others.

Started in ~1969 e.g. Schulz et al. (1976), Schulz and Burford (1979), Langbein et al. (2024)

Short aperture (5 – 10 m)



USGS – SFSU Alignment array
project

Hayward

Napa

What is this? 
Survey monuments placed across fault zones to 
measure fault creep, coseismic offset, and afterslip. 
How: change of measured angles, using theodolite

Currently inactive due to retirements at USGS 
(Lienkaemper) and SFSU (McFarland)
and lack of current staffing.

90 arrays in database
60 “active” arrays
15 inactive/destroyed arrays
15 unknown status



USGS – SFSU Alignment array
project

Wild T2000 theodolite:
Angular resolution 0.5” 
or ~0.24 mm at 100 m.
In practice, most error 
may arise from setup 
and human factors



USGS – SFSU Alignment array
project
Method – Angle-based measurements of fault creep 
using three-monument array.

Measurements made with highly accurate but older equipment – 
Theodolites

Error minimized by experienced operators, consistent 
measurement practices, statistical error analysis

Issues – monument preservation,  Local obstacles to measurement,  
high labor need, single measurement width can’t resolve fault 
complexity

Strengths – high accuracy, repeatability, consistency of methods 
over many decades, high standards for methods due to consistency 
in personnel. Methods also apply to afterslip and a basic array is 
trivial to install (a durable array is harder to install)



USGS – SFSU Alignment array
project



USGS – SFSU Alignment array project
All data up though last survey in early 2025 are available as a USGS Data Release
This release is v3.0 and is now policy-compliant (machine readable, etc) and simplified 
from previous versions.



USGS – SFSU Alignment array project
Future possibilities for these arrays:
• High accuracy modern measuring station

• USGS has Topcon MS05 AXII (~$40k system)
• 0.5” (0.24 mm @100 mm) angular accuracy or 0.1” (0.48 

mm) auto-pointing

• “Standard” Total Station – 3” angular accuracy (1.44 mm @ 
100 m)  ($10-15k, less used, can be rented)

• RTK GNSS – 2-3 mm positional accuracy, higher relative 
accuracy

• Lidar (tripod, mobile, airborne)
• SAR/Imagery
• Creepmeters
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