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Figure 3: Illustration of bend geometries. Θ (theta) represents the bend angle, 
which is the change in fault strike at the bend.  D represents the length scale of 
double bends, which is the distance the rupture travels before the bend returns 
to the original fault strike (following the approach of Lozos).
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Fault bends, or changes in fault strike, can inhibit rupture propagation and thus exert a primary control on rupture length, and, 
consequently, the final size of the earthquake. Therefore, investigating the mechanics of rupture propagation through bends is 
important for better constraining seismic hazard and potential earthquake magnitude maxima. Through analysis of breached and 
unbreached single and double bends, and their measured angles and lengths in thirty-one strike-slip earthquakes using the Fault 
Displacement Hazard Initiative (FDHI) rupture database, we revisit the role of fault bends in rupture propagation. We find that bends 
with an angle ≤ 30° are easily breached, allowing throughgoing rupture in most of our case studies. Bends with angles > 60° always 
inhibit rupture propagation, though we only sample a small number of bends > 50°. Additionally, we observe that the vast majority of 
our breached double bends had along-strike lengths ≤ 2km. The observed fault bend constraints highlight the vital role these 
geometric complexities play in rupture propagation in strike-slip fault networks.

We imported the UCLA FDHI rupture database and USGS Qfaults files into the QGIS program to map fault bends (single and 
double bends) on 31 strike-slip earthquakes. We then classified each bend as breached or unbreached depending on whether the 
rupture had propagated past it. To characterize bend geometry, we measured the bend angle and bend length (Figure 3). 

Figure 1: Global map showing locations (orange dots) of the 31 strike-slip 
earthquakes from our analysis.  Earthquake epicenters from the FDHI database.

Figure 6: Histogram showing the frequency of lengths 
exhibited by the double bends in our study.  We find that a 
majority of the breached double bends had along-strike 
lengths ≤ 2km, with most lengths ranging between 100m 
and 1,300 m.

Figure 5: Histogram showing the frequency of breached 
double vs. single bends from our study.  Of the 220 
bends, 159 were double bends and 61 were single bends.  
After ratio analysis, we discovered that double bends 
(total ratio=0.9578) are surprisingly more likely to be 
breached compared to single bends (total ratio=0.8592), 
though only by 10%.

Figure 4: Histogram showing the distribution of breached 
and unbreached bends in the 237 bends mapped in our 
study.  We observed 220 breached bends and 17 
unbreached bends.  By taking the ratio of the number of 
breached bends/total number of bends, we were able to 
estimate the passing ratio at various bend angles.  A bend 
with an angle ≤ 10° yielded a passing ratio ≈ 0.95.  
Whereas, a bend with an angle ≥ 50° yielded a passing 
ratio ranging from 0.82-0.67.  These results are similar to 
Biasi and Wesnousky 2017, who found the probability of a 
rupture passing a bend in a strike-slip earthquake 
decreases significantly with an increase in bend angle > 
30°.

Figure 2: The Hector Mine surface rupture on October 16, 1999 is one 
example from our case studies that exhibits many breached bends.  The 
bends are mapped in green on top of the primary rupture (red) and 
secondary fractures (black). 

We observe a few key patterns that uphold fault bend findings from previous studies by Wesnousky and 
Biasi. Our analysis also presents new findings on the size distribution of double bends.

In our analysis of fault bends in 31 globally distributed strike-slip earthquakes, we mapped a total of 237 
bends.  Our case studies primarily included bends that were < 60°.  We found that:

● 220 of the 237 bends allowed for thoroughgoing rupture, where bends with an angle ≤ 30° are easily 
breached.

● Bends > 60° always hinder rupture propagation.
● There is a steep decline in the passing ratio for bends > 30°.
● 159 of the 220 breached bends were double bends, the majority of which exhibited along-strike 

lengths of ≤ 2km.
● Overall, mapped bends are likely to be overcome because we mapped a lot of bends with very acute 

angles.


