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Sequencing the CVM: Looking for lithotectonic blocks in 
Southern California in seismic models using machine learning 
 
Southern California, like every active plate boundary area, consists of a complex network of faults 
separating tectonic blocks, each with a long history of tectonic and metamorphic events. These blocks 
transmit and mediate far-field stress sources arising from the global plate tectonics and mantle convection 
system to load the fault segments on which earthquakes nucleate (Bird, 2009). Thus the geometry, strength, 
and rheology of lithotectonic blocks influence long-term slip rates and stress transfer from one fault to 
another, whether a seismogenic fault is embedded in or is located at the boundary of a block (e.g. Rollins 
et al., 2018; Hearn, 2019). Therefore obtaining a reliable definition of lithotectonic blocks should be seen 
as a crucial aspect of seismic hazard assessment. Lithotectonic blocks are at the core of the development of 
a Geological Framework (GFM) for Southern California (Oskin et a;., 2017), while Haucksson and Meyer 
(2018) use lithotectonic blocks to study what controls the depth distribution of seismicity in Southern 
California.  

Lithotectonic blocks have been traditionally defined from geological analyses and reconstruction 
(e.g. Atwater, 1970; McQuarrie and Wernicke, 2005; Oskins et al., 2017), but these are based principally 
on surface rock exposures and required extensive extrapolation with depth. Seismology provides a 
complementary view of the Southern California lithosphere as depth information is more directly 
constrained but interpretation in terms of rock types is more difficult. As vertical boundaries are difficult 
to image, it is hard to rigorously define lithotectonic blocks. However, clustering and machine learning 
algorithms can be used to define similar regions from which blocks may be identified. Lekic and 
Romanowicz (2011) first applied K-means clustering to identify groups of similar velocity profiles and 
develop a global tectonic regionalization. Eymold and Jordan (2019) used K-means clustering to identify 7 
geographically coherent clusters in Southern California based on the CVM-S4.26 model. Agreement with 
geological definitions is not perfect, limiting the usefulness of the clustered (or regionalized) CVM as the 
basis for a reevaluation of Lithotectonic blocks. In this project, we use machine learning algorithms to 
produce a new definition of regionalized seismic velocity models to search for the expression of 
Lithotectonic blocks in the seismic record. 

Many algorithms could be used to understand the structure of the CVM. We present here 
preliminary results obtained with a 1D t-SNE algorithm (van der Maaten and Hinton, 2008). This 
dimensionality reduction technique orders the velocity profiles that appear in the CVM based on similarity. 
No actual clusters are defined but the algorithm identifies give locations that have similar velocity profiles 
while respecting less important differences. The resulting sequence (Figure 1) features different groups that, 
if they are geographically coherent, could correspond to Lithotectonic blocks. These groups appear to have 
consistent upper crust velocities and/or crustal thicknesses. Some have a sharp moho and others don’t the 
middle crust or lower crust may be used to contrast different groups but not always. These results motivate 
looking into higher dimensional techniques such as a 2D or 3D t-SNE to see if regions with similar upper 
crust and crustal thickness may be better defined. Also, it is important to test alternative sequence 
definitions, as could be obtained by the Sequencer algorithm (Baron and Ménard, 2020).  

The results to date show that similar velocity profiles do in fact define geographically coherent 
regions that can be used to define Lithotectonic blocks. Figure 1 shows a map of Southern California color-
coded by position in the t-SNE sequence. The Great Valley is particularly prominent (pink) and so are the 
transtensional regions near the Salton Sea (blue). Interestingly, the Los Angeles Basin appears similar to 
these rifts. The offshore regions (borderland, yellow) are distinct from the continental interior (green). The 
peninsular ranges stand out in orange and show similar affinity to regions that may represent the Sierra 
Nevada and the Colorado Plateau. The Walker Land and Mojave blocks cannot be differentiated (dark 
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green) but may be different from the Basin-and-Range Province (lighter green). Further investigation is 
needed to better understand these results and how they depend on t-SNE parameters.  

During the extension of their project, we plan on characterizing the robustness of these results with 
respect to 1D sequencing and the importance of introducing additional dimensions in the analysis. 

 
Figure 1: Illustration of the way that the velocity profiles entered in an unsorted manner are organized into a sequence 
(bottom) by t-SNE. Color coding the profiles with their position in the sequence reveals geographically coherent and 
geologically sensible regions that provide a new view of the blocks in Southern California. 
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