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Motivation

Measuring vertical displacements from strike-slip 
earthquakes remains challenging as the vertical motion is 
small and most geodetic methods are not well suited to 
measure displacement in the vertical direction in the near 
field. The 2019 Ridgecrest earthquakes ruptured a set of 
orthogonal faults in a Mw 6.4 and Mw 7.1 mainshock in July 
2019. We use high-resolution lidar data point clouds to 
measure near-field vertical displacements from the events. 

What controls the distribution of vertical displacements on 

the fault at the surface from the 2019 Ridgecrest 

earthquakes?
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Results

Using R and the lidR package for R, we generated a code to extract the lidar point cloud for sections along the fault. We 
then take a cross section of the section we select and take the line of best fit between the bottom and top of the fault 
scarp. The vertical separation between the best fit to the top and the bottom of the scarp is the fault throw (or vertical 
displacement). 

Figure 1: Map of the surface rupture of the 2019 Ridgecrest 
earthquakes in the Eastern California Shear Zone and 
measured vertical displacement

Figure 2: Fault scarp rupturing through dry lake sediments 
in the 2019 Ridgecrest Mw 7.1 mainshock.

3D image of fault ID 3 at section 126 at an angled view 3D image of fault ID 3 at section 126 from a bird's eye view
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Figures 5 & 6: Examples of cross sections where vertical displacement was measured 

Our preliminary results highlight:

- In flat sections along the rupture, it is possible to 
resolve vertical displacements as low as 10 cm from 
the post-earthquake point clouds alone.

- Variable displacements measured with a maximum 
exceeding 2 meters, several scarps exceeding 1 meter, 
and most of the vertical displacements in the 
centimeter scale.

- Most scarps along the Paxton Ranch fault are west-
facing, accommodating a mean uplift of 40 cm.

- We find meter-scale uplift variations over distances of 
1-5 km that may be related to gradients in horizontal 
slip at depth. 

Figure 7 (above): Absolute values of the vertical 
displacements measured along the fault.

Figures 8 (top right) & 9 (bottom right): Correlation 
between vertical displacement measurements and trend 
with Gold. R et. al (2021) right lateral pixel correlation 
displacement where the red line in the graph above shows 
the moving mean through the vertical displacement
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