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Abstract

Using a database of 21 historical strike-slip surface rupture earthquakes, an 

apparent upper limit is observed in the number of steps through which an earthquake 

is likely to rupture. The number of ruptures is also observed to decrease as a function 

of the number of steps through which the respective earthquakes propagated. The 

observations may be important for assessing the expected length of earthquake 

ruptures where fault sections interact on mapped fault systems.

Introduction

Estimating the size of an earthquake that will rupture in a system of mapped 

active faults is a fundamental step in probabilistic seismic hazard analysis and thus 

maps showing the distribution of active faults are now commonly the foundation on 

which seismic hazard maps are built (e.g. Field et al., 2009).  Generally, the size of an 

earthquake on a fault is considered proportional to the length of the fault and estimated 

from empirical regression of historical earthquake rupture length versus earthquake 

magnitude (or seismic moment) (e.g. Wells and Coppersmith, 1994). Though simple in 

concept, significant uncertainty arises in estimating the length to which a rupture will 

propagate because historical earthquake ruptures have been observed to jump across 

discontinuities along fault strike and break more than one fault or fault segment in a 

single event (e.g. Sieh et al., 1993). Prior work has suggested that there exists a 
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correlation between the endpoints of historical ruptures and step discontinuities along 

fault strike (Figure 1) and that there appears to be a physical limit of step width (about 

3-4 km) across which an earthquake is unlikely to rupture (Wesnousky, 2006, 2008).  

Taken together, they help provide a physical and statistical basis to quantify the 

uncertainties associated with estimating the extent of future earthquake ruptures on 

mapped fault systems. Here we put forth an additional observation that may help 

further reduce the uncertainties in estimating the length of expected earthquake 

ruptures where steps or fault-to-fault linkages are being considered.

The Observations

  We plot in Figure 2 the number of steps through which historical strike-slip 

earthquakes have ruptured versus the length of the respective rupture. The data are 

taken from the compilation of maps and measurements along surface rupture 

earthquake put forth recently by Wesnousky (2008). The observations are limited to 

observations of step width equal to or greater than ~1 km. The plot shows that among 

these earthquakes the maximum number of steps through which ruptures have 

propagated is three, and that there is no apparent correlation between the maximum 

number of steps observed along fault strike and the fault rupture length.  Using the 

same data, Figure 3 shows the number of earthquake ruptures as a function of the 

number of step-overs spanned by the rupture. The histogram shows that the number of 

occurrences of earthquake ruptures is a decreasing function of the number of steps 

through which the respective earthquakes have propagated. 
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Discussion

A strictly empirical examination of the data set (23 steps) indicates that the 

likelihood an earthquake rupturing through 0, 1, 2,  or 3 steps is 35% (8/23), 30% 

(7/23), 9% (2/23) and 17% (4/23), respectively. Fitting these data with a simple 

probability model can account more quantitatively for the small number of observations 

and the accompanying likelihood that the probability that ruptures with more than 3 

steps may occur in the future. We explore this by using a maximum likelihood method 

to fit the observations to Poisson and Geometric distributions (e.g. Larson, 1982).  

Fitting parameters and the relative probability of earthquakes rupturing through a 

particular number of segments are shown in Figure 3 and summarized in Table 1.  The 

Poisson model assumes that steps are distributed within a rupture with a frequency per 

rupture described by the poisson parameter. This model considers step-overs to be 

randomly related to ruptures and implies nothing about the physics of step-overs in the 

rupture process.  The Geometric distribution model assumes that each step-over has a 

random probability of stopping the rupture and that rupture extension reflects the 

compounding improbability of passage.  The Geometric model is more in concert with 

the idea that step-overs have a causal role in impeding rupture propagation. Prior 

observations and models (e.g. Harris and Day, 1999; Oglesby, 2008; Wesnousky, 2006) 

suggest a likely causal relationship between fault step-overs and the endpoints of 

rupture so the Geometric model might be favored in that respect, but the present data 

do not provide a compelling basis to prefer one above the other (Table 1 and Figure 

3). Nonetheless, the observations and approach embodied in Figures 2 and 3 may be 

useful in to the process of reducing some of the uncertainty attendant to estimating the 
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endpoints of ruptures and rupture lengths on mapped multi-segment faults and fault 

systems.

Data and Resources 

All data used in this paper came from published sources listed in the references.
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Table 1.  Probability CalculationsTable 1.  Probability CalculationsTable 1.  Probability CalculationsTable 1.  Probability CalculationsTable 1.  Probability CalculationsTable 1.  Probability Calculations

Number of 
Steps

0 1 2 3 4

Observed fraction and probabilities of occurrenceObserved fraction and probabilities of occurrenceObserved fraction and probabilities of occurrenceObserved fraction and probabilities of occurrenceObserved fraction and probabilities of occurrenceObserved fraction and probabilities of occurrence

Observed 
Fraction

35% 30% 9% 17% 0%
Mean est.

95% 
range

Geometric 
Probability

0.48 0.25 0.13 0.07 0.04 0.48 0.33-0.62

Poisson 
Probability

0.33 0.37 0.20 0.07 0.02 1.10 0.69-1.64

Observed cases and predicted number of casesObserved cases and predicted number of casesObserved cases and predicted number of casesObserved cases and predicted number of casesObserved cases and predicted number of casesObserved cases and predicted number of cases

Observed 
Cases

8 7 2 4 0

Geometric 10.2 5.2 2.7 1.4 0.75

Poisson 7 7.7 4.2 1.5 0.4
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Figure 1.  Schematic map view of strike-slip fault (bold lines). Strike-slip faults  are often 

not continuous but rather broken by steps in fault trace. The step dimension (e.g. W1 or 

W2) in this note is measured perpendicular to fault strike.
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Figure 2.  Number of steps greater than or equal to 1 km dimension versus rupture 

length for historical strike-slip earthquakes. Data taken from the compilation of 

Wesnousky (2008) and numbers next to data points correspond to Table 1 of 

that same paper. Total length of Event 34 including offshore extent shown by 

open symbol.
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Figure 3.   Histogram shows the number and percentage of times of historical strike-

slip surface rupture earthquakes that ruptured through 0, 1, 2, or 3  steps along 

fault strike, respectively. Poisson and Geometric probability density functions 

calculated from the data are open and closed symbols, respectively. 
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