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Generalization

Seismic topography dataset

Geological Implications
The continental crust is composed of lithotectonic blocs with distinct properties. 
Geological reconstructions help constrain where these blocks are but provide lim-
ited information at depth. Seismic tomography, on the other hand gives a 
smoothed view of heterogeneities and isn’t linked with unique rock types. Follow-
ing the pioneering work of Eymold & Jordan (2019), we define distinct blocks in a 
regional tomographic model using clustering algorithms and discuss their corre-
spondence with geological divisions. 
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We use the statewide Vp uwlinca model (Lin et al., 2010). It contains Vp and DWS 
information at 8113 locations and 8 depth horizons (1, 4, 8, 14, 20, 27, 35, and 45 
km). Unless specified, we restrict the dataset to the 1476 locations for which 
DWS exceeds 300 at all depths. We do not interpolate between location of depth 
slices and this would not introduce new seismological information.

Map of the velocity anomaly at 8 km depth in 
uwlinca at all retained locations

Heat map of seismic velocity vs. 
depth in the retained dataset. Velocity 
is consistent at shallow depth with a 
diffuse tail to low velocity. No domi-
nant value is present at 27 km depth.

The data is normalized at each 
depth (Z-score). This involves 1) re-
moving an average Vp value to 
avoid layers with larger overall ve-
locity from being weighted more 
heavily and 2) dividing by the stan-
dard deviation so that subtle varia-
tions in relatively uniform depth 
slices are considered in the cluster-
ing algorithm. 

The analysis is conducted on the principal components of the seismic velocity profiles. 
PCA shows that 5 principal components are needed to capture 90% of the data vari-
ance. Unless specified, we ignore the remaining 3 principal components as they may 
represent noise.

The principal compo-
nents form a diffuse 
cluster elongated in 
some directions with no 
data break. We should 
not expect well-defined 
seismic velocities clus-
ters but a range of valid 
solutions. 

K-means  (5 principal components)

K-means  (8 principal components)

Fuzzy K-means

Agglomerative Clustering (Ward)
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We considered several clustering algorithms
• Distance based algorithms
▪ K-means: Points are assigned to the clos-

est cluster centroid, which are redefined 
iteratively. The number of cluster must be 
specified a priori. We repeated K-means 
with 5 PCs and all 8 PCs.

▪ Fuzzy K-means (FCM): Like K-means but 
each point is partitioned to every reach 
cluster based on the distance to the cen-
troid. 

▪ Agglomerative clustering (Ward measure). 
Initially, each point is considered a clus-
ters. Clusters are merged progressively 
based on the within-cluster variance. 

• Density-based algorithms. 
▪ DBSCAN: Each cluster is a gaussian blob 

with a high density core and a expending 
region. Some points are defined as noise 
but are not associated with any cluster. 
The solution depends on the minimum 
number of points required to form a dense 
region and eps, the local radius for ex-
panding clusters.

▪ HDBSCAN: Similar to DBSCAN but with a 
hierarchical structure of clusters merging 
into other clusters.

For each method, we report appropriate 
diagnostic measure as a function of 
number of clusters, whether specified a 
priory (K-means, FCM) or a result of the 
analysis (other methods). This informa-
tion is used to identify the optimal solu-
tion for each clustering method.

Density-based algorithms return opti-
mal solutions with only 2 clusters but 
40 to 50% noise points. Therefore, we 
do not discuss these solutions further. 

The Davis-Bouldin Index proved to be the most useful diagnostic measure. Optimal solutions 
have 4 or 5 clusters. We illustrate below one example of each.

4-cluster solution obtained by FCM and average Vp profile in each cluster. On the map, trans-
parency is linked to cluster membership entropy. 

5-cluster solution obtained by Agglomerative Clustering (Ward method) and average Vp pro-
file in each cluster.
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In many cases, the seismic clusters correspond to geomorphologic provinces. 
The Sierra Nevada stands out consistently with a low velocity at 27 and 35 km 
depths. The Great valley is split in the East-West direction between the two clus-
ters that have the greatest velocity gradients near the surface. The fuzzy cluster 
solution shows that this transition is gradual. The Coastal ranges and Peninsular 
Ranges define the remaining clusters.

Correspondence between representative 4-cluster and 5-cluster solutions and Califor-
nia Geomorphic province.

Although clustering is difficult in the absence 
of clear data breaks, the correspondence be-
tween these solutions and geomorphological 
provinces suggest that the identified clusters 
have geological meaning.

Decision trees and random forests help identi-
fy which depth intervals are key to defining 
clusters.
The 27 and 35 km depth intervals are important 
in each clustering solution, probably reflecting 
crustal thickness variations. The 14 km depth 
slice also appears as an important horizon. 
4-cluster solutions utilize the 4-km depth but 
5-cluster solutions are sensitive to the 1 and 8 
km depth horizons instead, pointing to the im-
portance of the upper crustal structure in the 
transverse ranges.

The majority of the locations in the study area were ignored due to low DWS in at least 
one horizon. We can use the available information to infer membership to the clusters 
defined based on the complete profiles. 

Doing so confirms that the entire Sierra Nevada is associated to a specific cluster and 
that the Peninsular ranges differ from the coastal ranges. The Basin-and-Range province 
and the Mojave desert appear similar to one another. 


