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Figure 1: Location of the Ridgecrest earthquake series and the 
analyzed section. Ridgecrest imagery is created from LIDAR data 
and further zoomed inset is mapped from drone imagery.
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The Ridgecrest sequence started with 6.4 and 
7.1 moment magnitude earthquakes that 
occurred outside the city of Ridgecrest, California 
on 4 and 5 of July 2019. Some sections of the 
rupture were imaged at high resolution by Pierce 
et al. (2020) using drones. We mapped surface 
fractures from the southeastern strand of the 
mainshock surface.

We performed clustering analysis on the data 
using UMAP and HBDSCAN, these algorithms 
take in chosen features and identify groups within 
the data based on similarity. Four clusters were 
identified with clear differences in local density, 
crack length, and distance from the principal 
rupture as mapped from lidar data.
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Figure 3: A) HDBSCAN and 
UMAP were used to cluster 
mapped cracks from 
Ridgecrest rupture. 
Clustering was based on 
mean local crack density, 
variance in local crack 
density, length, and distance 
to principal rupture. Note that 
UMAP nonlinearly maps high 
dimensional data into two 
dimensions, so axis values 
are not directly interpretable. 
B) Geographic map showing 
cracks colored by their 
cluster.  C) Curated sections 
of mapped imagery showing 
the deformation pattern in 
each cluster. D) Distance to 
primary rupture vs mean 
local crack density. Points 
are colored by cluster. E) 
Empirical cumulative 
distribution function (ECDF) 
of Crack Lengths separated 
by cluster. F) Crack length vs 
mean crack density. Points 
are colored by cluster. G) 
Crack orientations separated 
by cluster.
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Figure 2: A) We mapped drone imagery. B) Four features were extracted from mapped surface 
deformation: Crack Length (top): Lengths were computed as the Euclidean distance. Example 
cracks are shown in black. Distance to Principle Rupture (middle): The principal rupture, identified 
by LIDAR, was evenly broken into points with one meter spacing. The minimum Euclidean 
distance from the principle rupture to the centroid of every observed crack was computed. 
Principle rupture shown in red. Crack Density and Variance (bottom): Cracks were evenly broken 
into points with one meter spacing, then the local crack probability density was estimated by 
Gaussian kernel density estimation. The probability density was integrated over 100 meter square 
patches surrounding each point to compute the local crack density. Mean and variance were 
computed for the set of points belonging to each crack.
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The HDBSCAN algorithm identified four clusters based on local crack density mean and variance, 
distance to principal rupture, and crack length. Clustered cracks tended to group together geographically 
even though spatial location was not input as a feature. In the pink cluster, cracks tended to be densely 
packed and close to the main rupture. Cracks in the green cluster are generally shorter and less tightly 
packed. Within the orange cluster, the deformation becomes incongruent with the principle rupture and 
we again see shorter crack lengths. The lavender cluster has a lower density but tends to have longer 
crack lengths that densely locate close to the principal rupture

The dominant features determining cluster assignment appear to be local crack density and distance 
to the primary rupture. These features are anticorrelated. Interestingly, crack length is not correlated with 
either of these features, however we see a clear difference in lengths when comparing the orange and 
green clusters to the lavender and pink clusters. Further work will apply similar techniques to larger 
datasets with more features in order to more deeply understand the mechanics of surface ruptures.
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