
Statewide California Earthquake Center

The SCEC Community Fault Model v7.0
…and Other SCEC Community Models

August 15, 2025

CRM Workshop, UC DavisCEM Homepage | https://www.scec.org/science/cem

Andreas Plesch
Harvard University

John H. Shaw
Harvard University

Scott Marshall
Appalachian State University



Community 
Earth Models

Current Inventory

• CFM : Community Fault Model

• CGM : Community Geodetic Model

• CRM : Community Rheology Model

• CSM : Community Stress Model

• CTM : Community Thermal Model

• CVM : Community Velocity Model

• UCVM : Unified Community Velocity 
Model Framework

In SCEC5

● Community Models ---> CXM

Now

● Community Earth Models ---> CEM

2CEM Homepage | https://www.scec.org/science/cem



How to Find 
Community Earth 

Models

SCEC IT/Web Team
CEMs: A collaboration between scientists, IT 

professionals, and the community
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Findable
Can I find CEMs?

Accessible
Can I download and interact with CEMs?

Interoperable
Are CEMs in a data format I can use in my workflows?

Reusable
Are CEMs sufficiently documented so they can be 
used in a variety of ways?
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CEMs and FAIR Principles

Image from NIH

Recent efforts have focused on expanding CEMs 
statewide and meeting FAIR software standards



How to Find 
Community Earth 

Models

Findable

Accessible
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CEM homepage is linked 

twice on SCEC homepage
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Findable

Accessible
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CEMs are easily findable and 

accessible via the CEM homepage

The CEM widget automatically scrolls 

through the available CEMs



How to Find 
Community Earth 

Models

Findable

Accessible
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Scroll through the CEM widget

• Links to homepages, model 

explorers, DOIs

Other datasets also linked

• Geologic Slip Rate Database

• Precariously Balanced Rocks 

Database

8 Total CEMs and other datasets available in the CEM widget



Findable

Accessible

Interoperable

Reusable

8

The UCVM Widget

Link to UCVM 

software 

documentation

Link to CVM 

homepage
Link to web-

based tool 

“CVM Explorer”



CVM Explorer
Web-based tools for 

Community Velocity Models
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What does the Explorer do?

● Search/Query/Download
○ 24 CVMs; 6 tiled models

○ Extract data in .csv format

● Intuitive Plotting Interface
○ 2D horizontal slices

○ 2D cross sections

○ 1D profiles

○ 0D point extraction

● Plots saved in pdf/png formats

● No specialized software needed



Vertical Cross Section Plots
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CVM Explorer Plots



1D Vertical Profiles

More Plots



What is the CFM?

The CFM is an object-oriented, fully 

3D geometric representation of active 

faults in California, adjacent offshore 

basins, and beyond

Who develops the CFM?
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The Community Fault Model (CFM)

CFM Contact | marshallst@appstate.edu

Andreas 
Plesch

John
Shaw

Scott 
Marshall

Harvard University Appalachian 
State University

Oblique 3D view 
of CFM 7.0 
rendered using 
GOCAD

Relocated seismicity from 
updates to Hauksson (2012) and 

Waldhauser (2009) + updates

mailto:marshallst@appstate.edu


● 2D Model (traces)

● Geometrically complex
○ Defined mainly by mapping

● Identifies activity of faulting

● 2.5D Model
○ Builds on UCERF3/CFM

● Geometrically smooth
● Developed for hazard analyses
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Fault Models Comparison

● Full 3D Model
● Geometrically complex

○ Defined by source data

● Serves a variety of SCEC initiatives



Findable

Accessible

Interoperable

Reusable
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The CFM Widget

Link to model 

homepage

Link to web-

based tool 

“CFM Explorer”

Link to citable 

Zenodo archive



How to Find 
Community Earth 

Models

CFM Homepage
southern.scec.org/research/cfm
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Any southern.scec.org site is 

an archived snapshot of 

where we were at the end of 

SCEC5

We are working to update the 

CEM homepages



CFM Explorer
Web-based tools for the 

Community Fault Model
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What does the Explorer do?

● Search/Query/Download
○ CFM 7.0, 6.1, and 5.3

● Several basemaps

● Search recent USGS EQs!

● Display relocated EQs
○ Red circles: >M6 since 1900

○ Hauksson et al. (2012+updates)

○ Waldhauser (2009+updates)

● Upload/Display kml files

● View faults in 3D!!
○ Includes relocated seismicity in 3D



The CFM is not an algorithm

● A diverse array of data is used to define fault 

surfaces in 3D within seismogenic depths

● Most faults: generated manually by a person

● Usually, Andreas Plesch or Harvard students

● Error bars are not practical to generate

● Covariance between neighboring elements

● We have a semi-automated algorithm for 

generating faults
● Requires significant seismicity, focal mechanisms, 

surface trace/ruptures

● Used for Ridgecrest and some new NorCal faults
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How is the CFM Built?

CFM Contact | marshallst@appstate.edu

Ventura fault model

(Hubbard et al. 2014)

mailto:marshallst@appstate.edu


3D CFM Fault Example



CFM 7.0 is released!

● Now statewide (and beyond)

● SoCal faults: no change from v6.1

● N. California faults are preliminary

○ Were peer-reviewed this year 

● Updated web-based “CFM Explorer”

● 3D Faults use open-source GOCAD .ts files

● 2D kml file has metadata as attributes

● CFM 7.0 Submodels:

○ Preferred: 556 faults (113 new)

○ Ruptures: 13 faults

○ Alternatives: 39 faults
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The CFM Version 7.0

CFM Contact | marshallst@appstate.edu

mailto:marshallst@appstate.edu
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The CFM Version 7.0

CFM Contact | marshallst@appstate.edu

mailto:marshallst@appstate.edu


The CFM 
Archive

Available at Zenodo
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Complete CFM Archive

• .zip archives of CFM 

versions back to v5.3

• Contains data not available 

in the CFM Explorer

• What is in the archive?



The Zenodo archive has data 

not available in the web tools

CFM Directory Structure

/

objdoc

alternatives preferred ruptures

500m 1000m 2000m native traces

kml shpgmt

Root directory of
CFM7.0_release_2024.zip

Documentation, 
Metadata,

& References
(Excel, Word)

Fault Objects

3 different CFM submodels
Each has the same subdirectories
Only preferred is shown here

Native and regularized meshes
(Gocad .ts format)

Plain text for
Generic Mapping

Tools (GMT)
Google Earth 

format

GIS
shapefiles

Screenshot of CFM Metadata spreadsheet



● The CFM contains a variety of data in 

different formats for all 608 fault objects

● Metadata spreadsheet: 19 columns
○ Hierarchical Object Name

○ Fault Name

○ Avg Strike/Dip

○ Surface Area

○ References, etc…

● Gocad t-surfs in three resolutions
○ Native, 500m, 1000m, 2000m

● Fault traces (UTM and lon/lat)
○ GMT (plain text), and GIS shapefiles, GoogleEarth kml

● Complete references document

CFM Metadata and File Management
The Northridge (Frew) Thrust (CFM7.0)

Relocated aftershocks from

Carena & Suppe (2002)

1994 M6.7



Gocad T-Surf Files are Open Source

3 randomly-selected elements from the Northridge 
(Frew) Thrust. Vertex numbers in red.Corresponding Gocad file contents.

There is a t-surf tutorial on CFM homepage.



The SCEC CFM is a geometric model and 
provides no information about slip rates.

SCEC Geologic Slip Rate Database
https://www.scec.org/research/gsrd

● Geologic field-based estimates of fault 
slip rates
○ A subset of the USGS NSHM23 database 

and UCERF3
○ Direct hyperlinked references (where 

available)

● A subset of the NSHM23 geology inputs
https://www.sciencebase.gov/catalog/item/6127b5d4d34e40dd9c0
50975
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The SCEC Geologic Slip Rate Database     (*not the CFM)

The Geologic Slip Rate Database Explorer showing slip rate sites
colored by max slip rate (Marshall, Hatem, and Akçiz, 2023)

https://www.scec.org/research/gsrd
https://www.sciencebase.gov/catalog/item/6127b5d4d34e40dd9c050975
https://www.sciencebase.gov/catalog/item/6127b5d4d34e40dd9c050975


The CFM provides the necessary geometry 
for use with deformation modeling.

Devine et al. (2022, SRL) 
https://doi.org/10.1785/0220220182

Estimated slip rates and full 3D distributions 
of slip for 83 faults in southern California

● Fit 47/63 (75%) UCERF3 avg. slip rates
○ RMSE of 0.40 mm/yr. 

● Fit 39/69 (60%) point based rates 
○ RMSE of 0.79 mm/yr.
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Slip Rates From CFM-Based Deformation Models

https://doi.org/10.1785/0220220182


How can we evaluate CFM 
Completeness?

● Use method of Evans et al. (2020, BSSA)

● M3+ Combined Catalog (n=12,863)

○ Hypocenters: Hauksson et al. (2012+updates)

○ Focal Mech: Yang et al. (2012+updates)

How many relocated events (1981-2023) can 

be associated with a CFM 6.1 fault object?

27

EQ to Fault Association

See Evans et al. (2020, BSSA) for the method details
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EQ to Fault Association

See Evans et al. (2020, BSSA) for the method details
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EQ to Fault Association
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How can we evaluate CFM 
Completeness?

● Use method of Evans et al. (2020)

● M3+ Combined Catalog (n=12,863)

○ Hypocenters: Hauksson et al. (2012)

○ Focal Mech: Yang et al. (2012)

How many relocated events (1981-

2023) can be associated with a CFM 6.1 

fault object?

● 89.7% M3+ events

● 100% M6+ events

30See Evans et al. (2020, BSSA) for the method details

EQ to Fault Association



How can we evaluate CFM 

Completeness?

● M3+ Combined Catalog (n=12,863)

○ Hypocenters: Hauksson et al. (2012)

○ Focal Mech: Yang et al. (2012)

● Used method of Evans et al. (2020)

How many events (1981-2023) can be 

associated with a CFM 7.0 fault object?

● 89.7% M3+ events

● 100% M6+ events
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EQ to Fault Association

See Evans et al. (2020, BSSA) for the method details



The northern California CFM evaluation 

just finished in June

Significant feedback, will take time to review 

and address

CFM 7.0 Evaluation

CFM Contact | marshallst@appstate.edu

Mark Hemphill-Haley (Cal Poly Humboldt)

Christie Rowe (UNR)

Alex Hatem (USGS)

Travis Alonghi (USGS)

Keith Knudsen (USGS)

Ben Melosh (USGS)

Jay Patton (CGS)

Sarah Minson (USGS)

Sinan Akçiz, Sara Carena, Michele Cooke, Tim Dawson, Jessica Don, Austin Elliot, Erik 
Frost, Gary Fuis, Athanassios Ganas, Eldon Gath, Alex Hatem, Susanne Janecke, Marc 
Kamerling, Christodoulos Kyriakopoulos, Mark Legg, Karen Luttrell, Chris Madugo, Scott 
Marshall, Andrew Meigs, Craig Nicholson, Nate Onderdonk, Alba Rodríguez Padilla, 
Andreas Plesch, Kate Scharer, John Shaw, Chris Sorlien, Franklin Wolfe, Doug Yule, Judy 
Zachariasen.

Thank-you NorCal CFM Group Leaders!

Thank-you past CFM evaluators!

mailto:marshallst@appstate.edu
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