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Currently available fault displacement databases (e.g., Wells and Coppersmith, 1994; 

Wesnousky, 2008) are comprised of vintage datasets that serve as the basis for PFDHA 

models (e.g., Youngs et al., 2003; Petersen et al., 2011; Lavrentiadis and Abrahamson, in 

prep.).  

• Vintage datasets typically contain irregularly-spaced measurement locations with rela-

tively few data points and lack measurements off the primary rupture. These data limita-

tions translate into model limitations.  

• Vintage datasets still provide the most reliable estimates of on-fault slip, despite under-

reported measurement errors (e.g., Gold et al., 2013). 

New methods, such as lidar and optical imagery correlation, produce dense, high-resolution 

datasets that measure both "on-fault" and "off-fault" displacements (i.e., discrete brittle slip) 

and "off-fault" distributed inelastic strain. 

• Modern datasets provide new data types, such as areal differential lidar or fault-normal 

profiles of slip distribution, and higher data point density. 

Due to the relatively sparse data density of vintage datasets and point-based nature of the da-

ta, existing fault displacement databases are in a flatfile format (e.g., Excel table). Many mod-

ern datasets cannot readily be incorporated into a flatfile format due to data density and type 

(e.g., areal vs. point-based). The development of next-generation fault displacement mod-

els requires a flexible database that can accommodate both vintage data and newer da-

tasets.  

INTRODUCTION 

The data entry cut-off date for the first version of the database is expected to be Spring 

2020. Collection of fault displacement and surface rupture data is on-going until the cut-

off date. We appreciate all input from the geoscience community,  including da-

tasets,  guidance on handling uncertainties in field measurements, and general 

peer-review. 

NEXT STEPS 

PROJECT WEBSITE 
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Multiple slip components can be measured along a discrete surface 

rupture or throughout an area depending on the style of faulting, 

available piercing points, and constraints imposed by differential li-

dar analysis or optical imagery datasets. The flexibility of a relational 

database allows us to catalog the different slip vectors defined in 

Fig. 2. To minimize null fields in the database, there is one table for 

each vector type, resulting in six “on-fault slip” tables. 

SLIP VECTORS 

RELATIONAL DATABASE VS. FLATFILE 

Fig. 1   SIMPLIFIED RELATIONAL DATABASE EXAMPLE 

Table 1   TYPICAL FLATFILE EXAMPLE We are developing a structured relational data-

base for fault displacements with a format 

grossly similar to the NGL and NGA-

Subduction databases (Brandenberg et al., 

2018; Mazzoni et al., in prep.). The key benefits 

of a relational database relative to a flatfile are: 

• Reduce or eliminate duplicate fields and 

null fields 

• Expandable to accommodate new data 

types (including large binary files) 

Table 1 illustrates a typical flatfile with dupli-

cate data (first four columns), variable reporting 

standards (error columns), and several “null” 

entries throughout the table. These features of 

a flatfile make the data table inefficient, error-

prone, and tedious to update. 

Fig. 1 shows the same data in a relational da-

tabase format. Principal primary keys (EQ_ID 

and Dataset_ID) are defined in the Events and 

Dataset tables. Composite primary keys are 

used throughout the other tables to make each 

row entry unique; they also act as foreign keys 

relating back to the principal primary keys, en-

forcing relationships and field constraints. 

Fig. 2   VECTOR SLIP COMPONENTS 

The availability of datasets that report total deformation across a 

mapped rupture at relatively regular point spacings is increasingly 

common due to the emergence of optical imagery and pixel-

mapping techniques. These datasets use optical imagery correla-

tion to: 

1) Calculate wide-aperture displacements within a narrow zone 

perpendicular to the surface rupture 

2) Develop a representative displacement profile across the fault 

3) Report the total displacement across the profile 

An example of the process from Milliner et al. (2015) is shown in 

Fig. 3. Although the displacement is distributed across an area, it 

can be represented as a point location with a latitude and longitude 

and a specific slip vector. To accommodate these types of datasets, 

the database has six “total displacement” tables (one for each 

slip vector) and six “off-fault deformation” tables. 

DISTRIBUTED DEFORMATION 

Fig. 3    TOTAL SLIP PROFILE EXAMPLE 

Source: Milliner et al. (2015)  

The database contents are compiled from peer-reviewed publications and reliable per-

sonal communication from experts. Because datasets are not reported in a format di-

rectly congruent with our relational database format, some interpretation of the original 

datasets is required. Verification of our assumptions/interpretations, as well as iden-

tification of incorrect/superseded data, is critical to the successful implementation 

of the database. Toward this end, we are compiling maps and plots of the datasets for 

review by dataset originators, modelers, and peer reviewers.  

• Part of an example compilation is shown in Fig. 5 for the Landers earthquake, us-

ing the Milliner et al. (2016) slip data and Dawson rupture map.  

• The plots show the variability along strike of key attributes: slip gaps, total defor-

mation, off-fault deformation, on-fault slip, fault zone width, and measurement site 

geology and distance to bedrock outcrop (representing sediment thickness, per 

Milliner et al. 2015). 

 

DATA ENTRY VERIFICATION 

Fig. 5   EXAMPLE "CHECK PLOT" SET FOR DATA ENTRY REVIEW 

The general structure of the database is illustrated in Fig. 4. There are over 40 tables and 300 col-

umns in the database. Inter-table relationships are similar to the diagram in Fig. 1; see the 

“database schema” on the project website for the complete entity relationship diagram.  

DATABASE STRUCTURE 

TYPES OF TABLES INDIVIDUAL TABLES (SIMPLIFIED) 

Datasets • Events • Points • Ruptures • Geology 

PT_ID • Location • Dip • Aperture • FZW •  N_faults • Geology • FPS_TotalDef •  FPS_OffFault • FPS_OnFault • 

ADS_TotalDef •  ADS_OffFault • ADS_OnFault ... etc. (18 slip tables) 

RUP_ID • Location • EndCheck • MapScale • SlipRate • Geology • NominalRup 

PT2ClostestRUP • PT2NominalRup 

METADATA 

POINT OBSERVATIONS 

RUPTURE OBS. 

PAIRINGS 

Fig. 4   GENERALIZED DATABASE STRUCTURE Table 2   CURRENT DATABASE CONTENTS 

Thirteen events are currently in the database (Table 

2), and the inclusion of roughly two dozen other 

events is in progress. Most events have multiple or 

alternative datasets (N in Table 2) to facilitate future 

evaluations of epistemic uncertainty. 

CURRENT DATABASE CONTENTS 

Event MW Rupture Map On-Fault Slip Total Slip Geology

Landers 7.28 N = 2 N = 2 N = 1 N = 1

Hector 7.13 N = 2 N = 3 N = 1 N = 1

El Mayor-Cucapah 7.2 N = 2 N = 1 -

Balochistan 7.7 N = 1 N = 1 N = 1 -

Izmit-Kocaeli 7.51 N = 1 N = 1 - -

Borrego Mountain 6.63 N = 2 N = 1 -

Imperial (1979) 6.53 N = 1 N = 1 -

Superstition-Elmore 6.54 N = 2 N = 1 -

Kobe 6.9 N = 1 N = 1 - N = 1

Denali 7.9 N = 1 N = 2 - N = 1

Duzce 7.14 N = 2 N = 2 - -

Wenchuan 7.9 N = 1 N = 2 - N = 1

West Napa 6.0 N = 1 N = 1 - N = 1
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