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Hire Tom Rockwell!

North Anatolia fault
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Rockwell and Okumura (2010)

Kondo et al (in press)



Put Lloyd Cluff into Helicopter 
with Camera!



Why Length?

Fundamental parameter for estimates of Mw

Scaling relations between Mw and D



Rupture Length Issues
for Faults in Shallow Continental Crust

Segmentation (prescribed) vs relaxation of segmentation

Are faults, particularly longer zones, composed of ditinct, repeatable, 
rupture sources (segments)? Can these be identified prior to a 
rupture?

What is potential for multi-fault (as opposed to multi segment) 
rupture?

Are there preferential structural settings for segmentation to occur? 

What are the differences in estimating length for different fault 
types?  

To what degree do segmentation models proposed to date 
underestimate/overestimate the length of future ruptures? 

What controls rupture length? Can more physics be incorporated?

Can segmentation models be tested?



WGCEP 88: WGCEP 90

WGCEP 95

WGCEP 99/03
WGCEP 07: UCERF 2

WGUEP



Segmentation models based on behavioral differences 
(event timing, slip rate changes, transitions from locked to 
creeping, microseismicity distribution)  and  kinematic 
variables (steps, branch points, bends, changes in trace 
complexity)

Multi-segment ruptures (though not multi-fault)

Uncertainty in rupture endpoints, overlapping ruptures, ±L 

WGCEP 99/03

Rupture scenarios weighted by expert groups from available 
data

San Francisco
Bay Region



Wasatch Fault Segmentation: 
Central 5 Segments with 
Endpoint Uncertainties 

WGUEP 2016

• time-stratigraphic OxCal models,
slip/event data at 23 sites

• fault geometry 

Segment Rupture Lengths

Min: 20-46 km
Max: 41-71 km



Wasatch Fault Rupture Models with Weights 

single segment (.7) single + multi-
segment(.175)

all multi-segment (.025) 
WGUEP (2016)



Fault Segmentation: The Controversy

From UCERF 3
Field et al.(2014)

The”BULGE”

UCERF 2
Field et al. (2009)



UCERF 3
(Field et al., 2014)

Systematic treatment of CA 
faults

Relax segmentation—fault-to-
fault jumps, longer ruptures

Reduce the bulge 



Rupture 
Rules/Plausibility 
Filters

2606 subsections = 253, 706 ruptures (FM3.1)

Maximum jump distance: 5 km

Coulomb criterion: earthquake 
triggering is physically 
reasonable between adjacent 
sections 

Milner et al.( 2013)
15% ≤100 km
45% 100-500km
40% 500-1200km



Grand Inversion:
Long-term Rates on
Fault Ruptures

CA

Field et al. (2014)

Milner et al. (2013)

20% moment rate



110  Awatere (1848)
120  Wairapa (1855)
108  Owens Valley (1872) M
101  Pitaycachi (1887) N
115  Tsestserleg (1905)
148 Changma (1932)
120  Luzon (1990)
100  Chi-Chi (1999) T
140  Izmit (1999)
112  Kashmir (2005) T
121  El Mayor (2011)
-------------------------------
180  FuYun (1931)
180  Bolu (1944)
150  Dari (1947)
-------------------------------
200  Kirgzia (1911) 
220  Haiyuan (1922)
236  Gobi-Altai (1957) M
238  Motagua (1976)
240  Pakistan (2013)
-------------------------------
280  Kastamonu (1943)
285  Wenchuan (2008) T M
--------------------------------
350  Fort Tejon (1857)
300  Quingha (1937)
300  Tuosuohi (1963)
341  Denali (2002) 6.2ka
--------------------------------
370  Bulnay (1905) M
360  Erzincan (1939)
--------------------------------
470  San Francisco (1906)
410  Kunlun (2001)
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Frequency of Surface Rupture Length for 
Historical Earthquakes

Total 258 Eqs

Historical Surface Ruptures Worldwide (Shallow Crust)
1848-2014

Wells (2013, pc)

Generally continuous, geomorphically well-
defined traces (although not without localized 
complexity) with limited fault-to-fault jumps or 
branching; dynamic triggering of associated 
faults more common

Often represent only partial rupture (~15%-
40%) of longer and through going fault zones



parent 
section

Participation Rate Maps http://pubs.usgs.gov/of/2013/1165/data/UCERF3_SupplementalFiles/
UCERF3.3/Model/FaultParticipation/index.html







The Bulge is gone, but…

UCERF 3 PRODUCES TOO MANY 
UNREALISTICALLY  LONG RUPTURES

MODEL OBSCURES THE CONCEPT OF WHAT 
IS A FAULT?  WHAT IS A SOURCE?

Field et al. (2014)



Tales of Denali I: A Retrospective Test of a Segmentation Model

100-250 340-590
102-361

579-735

Plafker et al., (1977)



Tales of Denali II:
Controls of Branching—Connectivity, Event Timing, Accumulated Strain

Schwartz et al., (2012) 



Some Factors Influencing Fault Rupture Length

• Fault connectivity at depth, and not only a surface separation distance. 

• Timing of the most recent prior earthquake(s) along strike (the 2002 Denali to 
Totschunda);

• Differences in strain accumulation on adjacent fault sections; 

• Paleo slip distributions;

• Dynamic rupture including stress effects at branch points or steps; 

• Lithological and frictional variability; 

• Effects of creep, particularly on dynamic rupture propagation. 

Combining these types of data and their interpretations (which can be difficult to obtain) with source-

specific behavioral and kinematic observations can lead to effective construction of reasonable rupture 

models, including single-segment, multi-segment, and multi-fault scenarios for near-future earthquakes of 

interest (whatever happened to Stringing Pearls?). There is no reason why this cannot be prescribed by 

expert groups. For many faults under consideration for hazard analysis worldwide, this may be the most 

effective approach. 



Factors Influencing Fault Rupture Length

Combining information on these with paleoseismic data on the past temporal and spatial behavior  of a fault  

can lead to more effective construction of reasonable rupture models, including single, multi-segment, and 

multi-fault scenarios for near-future earthquakes. There is no reason why these cannot be prescribed by expert 

groups. For many faults under consideration for hazard analysis worldwide, this may be the most effective 

approach

Connectivity 
Geometry: along strike (branching, steps, bends); down-dip 
(uncertain) 

Timing of the prior earthquake(s) along strike (Denali-Totschunda)

Dynamic rupture propagation (requires nucleation location), 
regional and local stress

Variability in frictional fault properties  
Creep, slip-strengthening
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