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Summary 

We developed an initial version of the SCEC Geologic Framework Model (GFM) that describes 
crust and upper mantle structure in Southern California. The model consists of crust, upper mantle 
and asthenosphere layers with the crustal layer being subdivided into 23 lithotectonic units. The 
model grid houses cells parametrized with a region number linked to a name and lithology type, as 
well as temperature with placeholders for a variety of other geophysical properties. The GFM is 
intended to support SCEC efforts to develop a Community Rheology Model (CRM) and support a 
range of other science activities.  

We also applied a k-means algorithm to the SCEC Community Velocity Models (CVMs) to define 
various regionalizations that we compared with geologic and other geophysical constraints on 
structure of the crust. This analysis suggests robust, low-order regionalizations are geologically 
valid for both versions of the SCEC CVM’s (CVM-S 4.26 and CVM-H 15.1), while higher order 
regionalizations for the CVM-S show greater consistency with more detailed aspects of inferred 
crustal composition (see Eymold & Jordan, 2019). The analysis highlighted deficiencies in the 
models, as well as identified ways that the method may be used to improve future iterations of the 
Geologic Framework Model (GFM). 

Introduction 

Our efforts this past year focused on: 1) developing an initial version of the SCEC Geologic 
Framework Model (GFM) that describes crust and upper mantle structure in southern California 
(Fig. 1), and 2) regionalization of the crust based on cluster analysis of its wave-speed structure to 
evaluate ways to improve the GFM using geophysical constraints. The GFM is designed to aid in 
the development of a Community Rheologic Model (CRM) by providing lithologic descriptions 
and thermal properties that can be used to assign reasonable constitutive laws to model deformation 
in the region.  

Results 

Our GFM is based on definition of 23 lithotectonic units (Hearn et al., 2018; Thatcher et al., 2019) 
separated by major faults extracted from the Community Fault Model (CFM, Plesch et al., 2007) 
or by contrasts in basement lithology and tectonic affinity where such contrasts are seismically 
quiescent. In addition, several horizon interfaces are represented, including 
topography/bathymetry, the base of sedimentary basins, the base of the seismogenic crust, the 
Moho, and the lithosphere-asthenosphere boundary (LAB). 

In order to achieve maximum compatibility with the CFM, we first identified all CFM fault 
representations which define the lithologic block boundaries of Thatcher et al., (2018) (Fig. 1). 
From surface traces we constructed model boundaries that smoothly fit the detailed CFM fault 
representations. This procedure was applied to several boundaries that have complex geometries, 
including the northern and southern boundary of the Western Transverse Ranges, and the southern 
boundary of the San Gabriel block. Other boundaries are currently modeled with a vertical 
orientation. 

All horizon interfaces were modeled from data and extended were necessary to the full model 
domain. The base of sedimentary basins, the base of the seismogenic crust, and the Moho were 
adopted from the CFM and CVM-H (Tape et al., 2010; Shaw et al., 2015). The LAB was 
constructed from data provided by Lekic et al. (2011) and smoothly extrapolated to the full model 
domain. From these bounding surfaces, a gridded volume was subdivided into regions. The grid is 



 

10km x 10km x 1km and has about 900K cells. The GFM currently has three layers: crust, upper 
mantle, and asthenosphere. The crustal layer contains all 23 lithotectonic units. Each cell is 
parameterized with a region identification number from 1 to 41 which is mapped to region name 
and lithology type (Fig. 1). Each cell also has a temperature value derived from a simple 1D 
geotherm as an example material property, which will be updated with values from the Community 
Thermal Model (Thatcher et al., 2019) when it is available. 

 
Figure 1: Left: Perspective view of Southern California with GFM unit boundaries (yellow) and horizons 
(color contoured Moho and reflective LAB). Black outlines show CFM faults corresponding to unit 
boundaries. Right: Identical perspective view of GFM grid showing crustal, lithotectonic units (regions of 
color scale), the upper mantle layer (dotted), and the asthenosphere layer (solid green). Three crustal units 
are dotted to provide a sense of the volumetric nature of the grid. 3x vertical exaggeration. 

 
We anticipate that the new GFM will be evaluated by the CXM working group to define areas for 
refinement. This may include incorporating additional lithologic regions, as well as representing 
sedimentary basins. The GFM will be made available to the SCEC Community through and 
extension of the UCVM framework that is used to support the SCEC Community Velocity Models 
(CVMs). Furthermore, the unique region ID within the GFM will be to develop associations with 
database framework that identifies appropriate rheologic properties for various types of 
deformation modeling. Together, the GFM and this database framework will comprise the 
Community Rheologic Model (CRM). The main benefit of keeping the database framework as a 
distinct element from the GFM will be that ongoing changes in the definition of rheologic properties 
will not require updates to the GFM. 

The USC group worked with the Harvard team to map crustal regions in Southern California that 
have similar depth variations in seismic velocities by applying cluster analysis to the velocity 
profiles extracted from the three-dimensional tomographic models CVM-S4.26 and CVM-H15.1 
(Fig. 2). The CVM-S4.26 results were recently published in JGR (Eymold & Jordan 2019).  

Eymold & Jordan (2019) applied a K-means algorithm to partition the 1.5 million P and S velocity 
profiles of CVM-S4.26 into K sets that minimized the inter-cluster variance. The regionalizations 
for K ≤ 10 generate a coherent sequence of structural refinements; each increment of K introduces 
a new region typically by partitioning a larger region into two smaller regions or by occupying a 
transition zone between two regions. The results for K ≤ 7 are insensitive to initialization and 
trimming of the model periphery; nearly identical results are obtained if the P and S velocity profiles 
are treated separately or jointly.  

The regions for K = 7 (Fig. 2, left panels) can be associated with major physiographic provinces 
and geologic areas with recognized tectonic affinities, including the Continental Borderland, Great 



 

Valley, Salton Trough, and Mojave Desert. The regionalization splits the Sierra Nevada and 
Peninsular Range batholiths into the western and eastern zones consistent with geological, 
geochemical, and potential-field mapping. Three of the regions define a geographic domain 
comprising almost all of the upper crust derived from continental lithosphere.  

Well-resolved regional boundaries of the CVM-S4.26 regionalization coincide with major faults, 
topographic fronts, and/or geochemical transitions mapped at the surface [see Eymold & Jordan 
(2019) for a description of 13 examples]. The consistent alignment of these surface features with 
deeper transitions in the crustal velocity profiles indicates that regional boundaries are typically 
narrow, high-angle structures separating regions with characteristic crustal columns that reflect 
different compositions and tectonic histories. 

We applied the same K-means clustering algorithm to CVM-H15.1, and the K = 7 results are 
compared in (Fig. 2). One complication is that CVM-H15.1 has surface topography, whereas CVM-
S4.26 does not. To facilitate an apples-to-apples comparison, we sampled a “topography squashed” 
version of CVM-H15.1. 

 
Figure 2: Map of K-means regionalizations of CVM-S4.26 (left, from Eymold & Jordan, 2019) and 
CVM-H 15.1 (right). The mean velocity profiles (a and b) for the regions in each model are shown 
below. White dashed line on left panel is a nominal resolution contour; i.e., velocity profiles outside this 
contour are poorly resolved by the CVM-S4.26 inversion. 

 
Several aspects of the CVM-H15.1 results support the geophysical validity of the low-order 
regionalizations and statistical robustness of the cluster analysis: 
1. As in the case of CVM-S4.26, the clustering results are insensitive to the cluster initialization. 



 

Initializations using randomly selected profiles as cluster means converged to the same 
regionalization.  

2. The agreement scores between the a and b regionalizations are consistently good (> 80%) for 
K ≤ 10, which is higher than the scores obtained by CVM-S4.26. This may be due to an 
enforced scaling between the P and S velocities rather than an agreement between independent 
estimates. 

3. The regions defined by the clusters are multiply-connected, but each can be associated with 
plausible combinations of recognized physiographic provinces.  

4. The progression of regionalizations with K generates a coherent set of structural refinements.  

On the other hand, the two regionalizations show substantial differences. In some cases, they reflect 
model deficiencies; e.g., the deep sedimentary basins of Great Valley are poorly represented in 
CVM-H15.1 and don’t incorporate the structural refinements to the Great Valley structure recently 
released by the Harvard group.  

More significant are the differences in the mean regional profiles plotted in the lower panels of 
Fig. 2. Both models show similar variations in the near-surface profiles and in the depth of the 
Moho discontinuity. However, in the mid-crust (10-20 km depth), the a and b variations in the 
CVM-S4.26 profiles are a factor of two or three larger in amplitude than those of CVM-H15.1. 
This difference may reflect the lack of mid-crustal resolution in the dataset inverted in the 
tomographic refinement of CVM-H15.1 (Tape et al. 2010).  

Our analysis demonstrates that a cluster analysis of velocity profiles provides structural 
regionalizations of the 3D tomographic models that are useful for model intercomparisons, and 
they define structural features that can be evaluated using geological and geochemical constraints. 
Conversely, sorting out which features of these regionalizations are well-defined by the 
tomographic data should contribute valuable information about how to optimize the 
parameterization of the GFM. 
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