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Introduction  

The Supporting Information includes one document denoted Supplementary Document S1, five 
figures denoted Supplementary Figures S1, S2, S3, S4, S5 and S6 and five Tables denoted 
Supplementary Tables S1, S2, S3, S4 and S5, that provide detailed descriptions on the 
earthquake and fault datasets and additional information on a few specific points of the paper. 
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Supplementary Document S1: description of earthquake and fault data used in 
present analysis 
 
In this document, for each couple of earthquake and causative fault, we describe the 
information that we found in literature and used to constrain the earthquake and fault 
parameters that we analyze in the present study (see section 3 of the paper). Because 
uncertainties on most of these parameters cannot be quantified with simple metrics, we 
estimate the quality of the principal parameters using criteria described below. 
 
The principal earthquake parameters that we analyze in the paper are (i) the surface and 
depth slip-length profiles (which define the location of the zone of largest slip and hence 
the possible asymmetry of the slip profile), (ii) the position of the rupture trace within the 
entire causative long-term fault, (iii) the hypocenter position, and (iv) the rupture speed. 

• Uncertainties on hypocenter positions are rarely provided in literature. Because they 
might be large, especially for old earthquakes, we have assigned to all earthquakes a 
conservative, 5 km uncertainty on both horizontal components of the epicenter (as 
in Manighetti et al., 2005; see Figure S1). 

• Uncertainties on rupture speeds are rarely provided. We discuss them below on a 
case-by-case basis, and discuss their overall uncertainties in the text.  

• We estimate the robustness of the earthquake surface trace mappings and of the 
surface slip profiles by assigning arbitrary “quality factors”: data are considered of 
high quality (or quality 1, Q1) when they are constrained by at least two different 
sets of measurements from different authors, which are consistent; data are 
considered of good quality (or quality 2, Q2) when they are constrained by at least 
one series of well-constrained measurements; data are considered of low quality (or 
quality 3, Q3) when they are derived from incomplete, old, or disputable 
measurements. Note that, for surface slip profiles, we retained only those with at 
least one slip measurement per 1 and 10 kilometers of rupture on short (≤ 50 km) 
and long ruptures, respectively. 

• We use 25 published finite source rupture models (available for 13 out of the 27 
analyzed earthquakes), most were compiled by Mai and Thingbaijam (2014), while 
others were provided to us directly by their authors. Because uncertainties on source 
inversion models cannot be appropriately provided with the present modeling 
procedures, we do not discriminate the available models; we suggest however 
which model is based on more complementary data and hence might be best 
constrained. 

 
The principal fault parameters that we analyze in the paper are (i) the overall map-view 
traces and geometry of the fault zones, and (ii) the direction of long-term propagation of the 
faults. 

• We estimate the robustness of the fault zone maps by assigning arbitrary “quality 
factors”: fault zone maps are considered of high quality (or quality 1, Q1) when 
they have been produced consistently in at least two different studies by different 
authors; fault maps are considered of good quality (or quality 2, Q2) when they 
have been produced in only one, yet rigorous study. 

• As explained in the paper, the lateral propagation of a fault over the long-term 
produces a gradient of ages and net slips along the fault. Therefore having multiple 
fault age and/or net slip measurements along a fault is the most warranted situation 
to properly constrain the direction of long-term propagation of the fault. Other 
criteria exist however, such as degree of fault segment connection along the fault, 
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along-strike decrease in fault slip rate, development of typical tip splay networks 
(see text). Therefore, we consider that the direction of long-term propagation of a 
fault is robustly assessed (high quality or quality 1, Q1) when it is derived from at 
least age and/or net slip data along the fault; it is fairly well assessed (quality 2, Q2) 
when it is derived from at least two other sorts of evidence; and it is more weakly 
constrained (quality 3, Q3) when it is derived from observation of tip splay 
networks only.  

 
We indicate these quality factors in the descriptions below (as “Q1, Q2, or Q3” by the end 
of each related section). We also compile them all in Supplementary Table S2, so as to 
provide a comprehensive view of the robustness of the entire dataset that we analyze. 
 

------------------------------ 
 

1957 Mw ~8.1 BOGD EARTHQUAKE 
Earthquake: 04/Dec/1957, Mw 8.1, Mongolia, Left-lateral strike-slip  
Causative fault: Bogd fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured, both on the field soon after the earthquake and on satellite imagery (e.g., 
Florensov and Solonenko 1963; Baljinnyam et al., 1993; Bayarsayhan et al., 1996; Kurushin et al., 
1997; Rizza et al., 2011; Choi et al., 2012). These available measurements are consistent. The 
rupture trace and length are thus robustly constrained (length 250-260 km; e.g., Kurushin et al., 
1997; Choi et al., 2012). Q1.   
- Rupture extent within causative fault: The 1957 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., 
references above). The rupture zone is thus well located within the causative fault. Q1.  
- Surface earthquake slip profile: The complete surface slip profile has been measured both on the 
field and from satellite images (maximum lateral slip at surface ~7 m, whereas vertical slip 
occurred at local sites of the fault, with maximum amplitude of 3-5 m; Kurushin et al., 1997; Choi 
et al., 2012). The slip measurements are consistent among studies, and therefore, the surface slip 
profile is robust. The lateral slip is the actual dominant displacement on the fault, whereas the 
vertical slip is only local and occurring off- the master Bogd fault. Therefore, the slip profile that 
characterizes the Bogd earthquake rupture is the one that describes the lateral slip distribution. We 
chose to represent in Supplementary Figure S1 the slip profile determined by Choi et al. (2012) 
because these authors combined both new data and prior measurements from Kurushin et al. (1997). 
Q1 
- Hypocenter: The hypocenter location is not precisely constrained but a robust fact is that the 
earthquake initiated near the western tip of the rupture (Chen and Molnar, 1977) and then 
propagated mainly unilaterally towards the east.  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: left lateral strike slip, ~N100°E trending fault 
Initiation age: Between 2 and 8 Ma (e.g., Vassalo et al., 2007a) as a result of northward propagation 
of Indo-Eurasia Cenozoic transpressive deformation (Molnar and Tapponnier 1975; Tapponnier and 
Molnar 1977, 1979). The initiation age is not measured however, and thus is poorly constrained.  
Length: ~430 km  
Net slip: unknown 
Long-term slip rate: ~1 mm/yr (lateral) and 0.1-0.2 mm/yr (vertical) over the Quaternary (Ritz et 
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al., 1995, 2006; Vassalo et al., 2005, 2007b; Rizza et al., 2011), consistent among available studies, 
and hence well constrained.  
Current slip rate: ~1.2 mm/yr (Calais et al., 2003), yet poorly constrained (based on two GPS 
stations only).  
- Mapping of fault trace: Several precise fault maps have been done and well describe the fault 
zone architecture at surface (e.g., Tapponnier and Molnar 1979; Kurushin et al., 1997; Cunningham 
2013). We choose to represent in Supplementary Figure S1 the fault map from Tapponnier and 
Molnar (1979) because it presents the fault along its entire length. Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Bogd Fault is intermediate.  
- Direction of long-term propagation: Q2 
Bayasgalan et al. (1999a-b) have shown that the age of off-fault thrusts associated with the Bogd 
fault decreases eastward. The degree of connection of the Bogd fault segments also decreases 
eastward (Choi et al., 2012). At its western tip, the Bogd fault abuts and terminates against the 
~N115° trending Gichgeniyin Nuruu Thrust. At its eastern tip, the Bogd fault splays into multiple 
oblique branches (e.g., North Baga Bogd; Supplementary Figure S1) which form a fan-shape 
network enlarging in the East direction. Altogether these evidences show that the Bogd fault has 
propagated from west to east during its lifetime.   
 
 
1983 Mw ~6.9 BORAH PEAK EARTHQUAKE 
Earthquake: 08/Oct/1983, Mw 6.9, Idaho, Normal fault  
Causative fault: Thousand Springs-Warm Spring  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured, on the field, soon after the earthquake (Crone and Machette 1984; Crone 
et al., 1987). The measurements are consistent among available studies and therefore the rupture 
trace and length are robustly constrained (length ~34 km). Q1.  
- Rupture extent within causative fault: The 1983 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while precise rupture maps are available (e.g., Crone and 
Haller 1991; U.S. Geological Survey and Idaho Geological Survey, 2006). The rupture zone is thus 
well located within the causative fault. Q1.  
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
soon after the earthquake and is consistent among studies (maximum vertical slip of ~2.7 m, Crone 
and Machette 1984; Crone et al., 1987). The earthquake surface slip profile is thus robust. Q1 
- Earthquake slip profile at depth: One source inversion model was published on the 1983 Borah 
Peak earthquake, whose grid data is available (Mendoza and Hartzell, 1988). The model is based on 
teleseismic data only however, and hence is not well constrained. In the model, the rupture length is 
slightly longer (~40 km) than observed at surface due to slip inferred south of the southern tip of the 
surface rupture. The maximum displacement inferred at depth (~1.5 m at 20-25 km) is lower than 
the maximum slip measured at the surface, what confirms that the model is not fully correct. 
Despite of its limitations, the model provides a slip distribution in fair agreement with the surface 
slip distribution, with a maximum slip located in the southern part of the rupture (Supplementary 
Figure S2).  
- Hypocenter: The hypocenter of the Borah Peak earthquake is poorly located, with errors of 5-10 
km (Richins et al., 1987). It is however inferred that the earthquake initiated at ~16 km depth 
(Doser and Smith 1985), at the southern rupture tip near the intersection with the Mackay fault 
(Susong et al., 1990). The rupture then propagated unilaterally to the north.  
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Causative fault parameters 
- General parameters 
Slip mode and strike: normal fault, NW-trending fault 
Initiation age: Likely between 2 and 7 Ma ago, based on structural correlation between faults, 
sedimentary deposits and dated volcanic rocks (Scott et al., 1985; Christiansen 1986 and references 
therein).  
Length: ~34 km (but the fault possibly extends slightly further to the north; e.g., Crone and Haller 
1991).  
Net slip: ~ 2.7 km, estimated from elevation differences between the highest point of Idaho ranges 
(Borah Peak) and the lowest point in the Thousand Spring Valley, plus the thickness of sediments 
in the basin (0.6-0.9 km) (e.g., Crosthwaite et al., 1970; Crone and Machette 1984; Scott et al., 
1985).  
Long-term slip rate: < 0.3 mm/yr over the Holocene (Scott et al., 1985 and references therein), yet 
not robustly constrained.  
Current slip rate: 0.5 to 1 mm/yr of horizontal extension is measured at a few GPS stations across 
the fault (Payne et al., 2008).  
- Mapping of fault trace: Several precise fault maps have been done which are all consistent (e.g., 
Crone et al., 1987; Crone and Haller 1991; compilation in U.S. Geological Survey and Idaho 
Geological Survey, 2006). Q1. 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Thousand Springs-Warm Spring fault is immature.  
- Direction of long-term propagation: Q1 
Many studies have shown that the cumulative slip (approached by range elevation) on the Thousand 
Springs-Warm Spring fault is largest in the southern part of the fault and decreases towards the 
north (Anders and Schlische, 1994; Densmore et al., 2005).  Moreover, the Holocene and current 
fault slip rates also decrease from south to north (Scott et al., 1985; Payne et al., 2008). At its 
southern tip, the Thousand Springs-Warm Spring fault abuts and terminates abruptly against the 
strongly oblique Mackay fault. At its northern tip, the Thousand Springs-Warm Spring fault splays 
into oblique branches (i.e., Lone Pine fault, e.g., Crone and Haller 1991) which form a fan-shape 
network enlarging in the North direction. Altogether these evidence show that the Thousand 
Springs-Warm Spring fault has propagated from south to north during its lifetime.  

 
 
1968 Mw ~6.4 BORREGO MOUNTAIN EARTHQUAKE 
Earthquake: 09/Apr/1968, Mw 6.5, California, Right lateral strike slip  
Causative fault: San Jacinto fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured on the field, soon after the earthquake (Clark, 1972). The rupture trace and 
length are thus fairly well constrained (length ~33 km). Q2.  
- Rupture extent within causative fault: The 1968 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (Clark 1972; 
U.S. Geological Survey and California Geological Survey, 2006). The rupture zone is thus well 
located within the causative fault. Q1.  
- Surface earthquake slip profile: The complete surface slip profile has been densely measured on 
the field, yet in only one study (Clark, 1972; maximum lateral slip of ~0.4 m). Q2 
- Hypocenter: The location of the hypocenter is not precisely constrained but a robust fact is that the 
earthquake initiated in the northern third of the rupture trace, apparently at about ~11 km depth 
(Allen and Nordquist, 1972), and then propagated mainly to the southeast.  
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Causative fault parameters 
- General parameters 
Slip mode and strike: right lateral strike-slip, ~N140°E-trending fault 
Initiation age: The San Jacinto fault is a major splay fault of the Southern San Andreas fault, which 
formed ~5 Ma ago (Powell and Weldon, 1992 and references therein; Sims, 1993). The 
southernmost part of the San Jacinto fault has formed less than ~2 Ma ago, based on stratigraphic 
and structural evidence in the Pleistocene Borrego formation (e.g., Lutz et al., 2006; Kirby et al., 
2007; Dorsey et al., 2012). The initiation age of the San Jacinto fault is thus fairly well constrained.  
Length: ~260 km.  
Net slip: ~25 km based on offsets of intrusive igneous rocks in the central part of the fault (Sharp 
1967).  
Long-term slip rate: constrained from multiple, consistent measurements, from ~15 mm/yr in the 
north to ~4 mm/yr in the south (Hudnut and Sieh, 1989; Rockwell et al., 1990; Gurrola and 
Rockwell 1996; Kendrick et al., 2002; Blisniuk et al., 2010; Janecke et al., 2010; 
http://www.data.scec.org/Module/links/sratemap.html).  
Current slip rate: constrained from multiple, consistent GPS and InSAR measurements, of 20 to 25 
mm/yr (InSAR; Fialko 2006; Lundgren et al., 2009; Lindsey and Fialko 2013).  
- Mapping of fault trace: Several consistent precise fault maps have been published (e.g., Sharp, 
1967; compilation in U.S. Geological Survey and California Geological Survey, 2006; Dorsey 
2002). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the San Jacinto fault is intermediate.  
- Direction of long-term propagation: Q1 
Many studies have shown that both the net slip (Lutz et al., 2006; Dorsey et al., 2012) and the long-
term slip rate (Hudnut and Sieh, 1989; Rockwell et al., 1990; Gurrola and Rockwell 1996; Kendrick 
et al., 2002; Blisniuk et al., 2010; Janecke et al., 2010; http://www.data.scec.org/Module/links/ 
sratemap.html) decrease from north to south along the San Jacinto fault. Fault age also decreases 
from north to south (Lutz et al., 2006; Kirby et al., 2007). Moreover, fault segments become 
increasingly disconnected towards the southeast (Marliyani et al., 2013). At its northwestern tip, the 
San Jacinto fault terminates by connecting to the master San Andreas fault. The San Jacinto fault 
splays into multiple oblique branches along its trace and especially near its southeastern tip (see 
Supplementary Figure S1); there, the branches form a fan-shape network enlarging in the southeast 
direction. Altogether these evidence show that the San Jacinto fault has propagated unilaterally 
from northwest to southeast during its lifetime.  
 
 
1999 Mw ~7.6 CHICHI EARTHQUAKE 
Earthquake: 21/Sep/1999, Mw 7.6, Taiwan, left-lateral and reverse 
Causative fault: Chelungpu fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured both on the field (e.g., Chen et al., 2001) and from SPOT satellite images 
(Dominguez et al., 2003). The various measurements are consistent, and therefore, the rupture trace 
and length are robustly constrained (length ~90 km). Q1.  
- Rupture extent within causative fault: The 1999 surface rupture is still fairly clear on high-
resolution satellite images (e.g., Google Earth), while several precise rupture maps are available 
(e.g., Chen et al., 2001; Dominguez et al., 2003; Yue et al., 2005 and references therein). The 
rupture zone is thus well located within the causative fault. Q1. 
- Surface earthquake slip profile: The complete surface slip profile has been measured soon after 
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the earthquake both on the field (maximum vertical slip of ~10 m, Chen et al., 2001), and from 
SPOT images (maximum net slip of ~11 m, Dominguez et al., 2003), and these measurements are 
consistent. The earthquake surface slip profile is thus well-constrained. We chose to represent in 
Supplementary Figure S1 the slip profile determined by Dominguez et al. (2003) because it 
provides continuous slip measurements along the rupture. We have calculated the net slip profile 
(horizontal component) by combining the N-S and E-W measured components (the calculation has 
been validated by S. Dominguez, personal communication, 2013). Q1  
- Earthquake slip profile at depth: Three source inversion models were published on the 1999 
Chichi earthquake, whose grid data are available. The models differ principally from the data they 
used (Ma et al., 2001: Teleseismic, strong motions, GPS; Jonhson et al., 2001: GPS; Wu et al., 
2001: GPS and strong motions). All three models use a large amount of various data and hence are 
likely robust. As a matter of fact, they all produce a similar shaped slip profile, showing slip 
decreasing fairly regularly from a maximum value in the north of the rupture down to the southern 
termination of the rupture. While the maximum slip zone is co-located in all three models, the 
amplitude of the maximum slip differs from ~10 to ~25 m. All three models find most of slip 
distributed in the depth range 0-20 km, as underlined by the aftershocks (Chang et al., 2000). The 
model of Ma et al. (2001) being the one using more data, both local and regional, it is the one we 
most consider in Supplementary Figure S2. 
The zone of largest displacements at depth is co-located with that observed at surface (compare 
Supplementary Figure S1 and S2). This further supports that the models are correct overall.  
- Hypocenter: The location of hypocenter is well constrained in the southern half of the rupture, at 
~8 km depth (Chang et al., 2000). The rupture thus mainly propagated towards the north.  
- Rupture speed: The rupture speed was suggested to be similar along the rupture length (~2.5 
km/s). However the slip velocity was faster in the northern part of the rupture (Ma et al., 2001, 
2003; Wu et al., 2001; Zeng and Chen, 2001).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: left lateral and reverse fault, N-S-trending 
Initiation age: The fault is located in the Western Foothills that are a young fold-and-thrust belt that 
is still developing in the Pliocene-Quaternary sediments (Lu and Hsü, 1992). Its initiation age is 
thus considered to be young, < 1 Ma, yet is not constrained by dating (Suppe 1980; Lee et al., 
2001).  
Length: ~90 km  
Net slip: 10-15 km, based on offsets estimated on geological cross sections and seismic lines 
(Suppe, 1980; Lee et al., 2001; Yue et al., 2005).  
Long-term slip rate: from 16 mm/yr in the northern fault part to 10 mm/yr in the southern fault part 
(Simoes et al., 2014).  
Current slip rate: from 2 to 10 mm/yr estimated near the central part of the fault based on GPS 
measurements before the 1999 Chichi earthquake (Loevenbruck et al., 2001; Yue et al., 2005 and 
references therein).  
- Mapping of fault trace: Several precise fault maps have been done, which are consistent (e.g., 
Chen et al., 2001; Dominguez et al., 2003; Yue et al., 2005 and references therein). We chose to 
represent the fault map from Dominguez et al. (2003) because these authors mapped the fault by 
using both existing data and maps and new tectonic observations (which for instance revealed the 
splay faults suggested in dashed lines in Fig. S1). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Chelungpu fault is intermediate.  
- Direction of long-term propagation: Q2  
Simoes et al. (2014) have shown that the long-term slip rate of the Chelungpu fault is largest in the 
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northern part of the fault (~16 mm/yr) and progressively decreases towards the south down to ~10 
mm/yr. Simoes and Avouac (2006) have shown that the subsidence of the foreland has propagated 
southward. At its northern tip, the Chelungpu fault terminates abruptly, either bending into or 
connecting to a sub-perpendicular fault. At its southern tip, the Chelungpu fault splays into small 
secondary branches (Supplementary Figure S1) which form a fan-shape network enlarging in the 
South direction. Altogether these evidences suggest that the Chelungpu fault has propagated from 
north to south during its lifetime.   
 
 
2002 Mw ~7.9 DENALI EARTHQUAKE 
Earthquake: 03/Nov/2002, Mw 7.9, Alaska, Right lateral strike slip  
Causative fault: Denali fault (+ secondary Totschunda and Susitna glacier faults) 
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured, both on the field and from remote sensing analysis, and these 
measurements are consistent (Eberhart- Philipps et al., 2003; Crone et al., 2004; Haeussler et al., 
2004; Taylor et al., 2008; Haeussler, 2009; Schwartz et al., 2012). The rupture trace and length are 
thus robustly constrained (length ~300 km). Q1.  
- Rupture extent within causative fault: The 2002 surface rupture is clear on high-resolution satellite 
images (e.g., Google Earth) and available Lidar data (opentopography.org), except at a few 
locations obscured with glaciers. Several precise rupture maps are also available, which are 
consistent (e.g., Haeussler et al., 2004; Haeussler, 2009). The rupture zone is thus well located 
within the causative fault. Q1. 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
in several studies, and the measurements are consistent. They reveal a maximum lateral coseismic 
slip at surface of 8.8 ± 0.5 m on the eastern termination the Denali fault sensus stricto, and about 2 
m of slip on the Totschunda fault (Eberhart-Philipps et al., 2003; Haeussler et al., 2004). A large 
vertical slip was also measured on the Susitna Glacier reverse fault, of at most ~5.4 m (Crone et al., 
2004). 
The overall Denali surface slip profile (including the related Totschunda and Susitna Glacier 
rupture zones) is thus robustly defined. We chose to represent in Supplementary Figure S1 the slip 
profile determined by Haeussler et al. (2004) because it results from continuous measurements 
along the entire rupture length. Q1 
- Earthquake slip profile at depth: Two source inversion models were published on the 2002 Denali 
earthquake, whose grid data are available (Oglesby et al., 2004; Asano et al., 2005). The two 
models are based on near-field seismological and geodetic data, and hence are likely well 
constrained. They produce a similar slip profile showing slip decreasing from a maximum value 
(~10 m) in the easternmost part of the Denali rupture (i.e., on Denali fault sensus stricto) down to 
the western termination of the entire rupture. The largest slip is co-located on both profiles. The two 
models also find most of slip distributed in the depth range 0-30 km. Because the model from 
Oglesby et al. (2004) is based on more data including surface slip, it is the one we most consider in 
Supplementary Figure S2. 
The zone of largest displacements at depth is co-located with that observed at surface (compare 
Supplementary Figure S1 and S2). This further supports that the models are robust.  
- Hypocenter: The hypocenter is fairly well constrained due to permanent and temporary 
seismological networks installed by the Alaska Earthquake Information Center in response to the 
Nenana Mountain foreshock that occurred ten days before and ~20 km west of the Denali 
mainshock. The earthquake initiated in the western part of the rupture zone, on the reverse Susitna 
Glacier fault, likely at ~4 km depth (e.g., Ratchkovski et al., 2003) or at the intersection between 
the Susitna Glacier and the Denali faults. The rupture then propagated unilaterally to the east onto 
the Denali fault.  
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- Rupture speed: The rupture speed was estimated along the rupture length, varying from ~3.3 km/s 
in the western part of the rupture to 5.0-5.5 km/s (supershear velocity) in the eastern part of the 
Denali rupture zone (Frankel, 2004; Oglesby et al., 2004; Dunham and Archuleta, 2004; Ellsworth 
et al., 2004; Asano et al., 2005; Walker and Shearer, 2009).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right-lateral strike slip, arcuate fault strike 
Initiation age: The Denali fault is considered to have localized on an inherited Late Paleozoic 
continental suture. It is taken to have initiated about 55-70 Ma ago (e.g., Nokleberg et al., 1985 and 
references therein, Plafker and Berg, 1994; Marechal, 2015 and references therein). The initiation 
age is consistent among different authors, thus is fairly well constrained.  
Length: ~2300 km  
Net slip: 300-400 km of maximum lateral slip located in the central part of the Denali fault (see 
synthesis in Lowey, 1998).  
Long-term slip rate: from 12-13 mm/yr in central fault section (Matmon et al., 2006; Mériaux et al., 
2009) to ~7 mm/yr in the western half of the Denali fault (Matmon et al., 2006; Mériaux et al., 
2009) and < 8 mm/yr in the eastern half of the Denali fault (Richter and Matson, 1971; Kalbas et 
al., 2008 and references therein). The various estimates are consistent and thus the available long-
term slip rates are well constrained.  
Current slip rate: 6-10 mm/yr, measured at several sites along the fault (Biggs et al., 2007; Fletcher 
2002).  
- Mapping of fault trace: Precise maps of the Denali Fault are available, that are consistent overall 
(e.g., Plafker and Berg, 1994 and references therein). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Denali fault is mature.  
- Direction of long-term propagation: Q1 
Several studies have shown that the cumulative slip, the Quaternary slip rate and the current slip 
rates all decrease from the fault center (between about -145°E and -143°E) towards both the eastern 
and the western tips of the Denali fault (Richter and Matson, 1971; Kalbas et al., 2008 and 
references therein; Mériaux et al., 2009; Matmon et al., 2006; Lowey 1998; Plafker and Berg, 
1994). Moreover, both at its western and its eastern tips, the Denali fault splays into multiple 
oblique branches (Chatham Strait in the east, EKF and Togiak-Tikchik in the west, Supplementary 
Figure S1), which form a fan-shape network enlarging towards the west at the western fault tip and 
towards the east at the eastern fault tip. Altogether these evidence show that the Denali fault has 
propagated bilaterally both eastward and westward from its center over its lifetime.  
 
 
1954 Mw ~6.7 DIXIE VALLEY EARTHQUAKE 
Earthquake: 16/Dec/1954, Mw 6.7, Nevada, Normal fault  
Causative fault: Dixie Valley fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured on the field, soon after the earthquake, and the measurements are 
consistent (e.g., Slemmons, 1957; dePolo et al., 1991; Caskey et al., 1996; Zhang et al., 1999). The 
rupture trace and length are thus well constrained overall (length ~46 km). An ambiguity remains 
however in the mapping of the off-fault rupture traces south of the main rupture, due to the 
Fairview Peak earthquake having occurred 4 minutes before the Dixie Valley earthquake. Q1.  
- Rupture extent within causative fault: The 1954 surface rupture is still clear on high-resolution 
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satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., Caskey 
et al., 1996; U.S. Geological Survey and Nevada Bureau of Mines and Geology, 2006). The rupture 
zone is thus well located within the causative fault. Q1 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
by Caskey et al. (1996), yet some time after the earthquake; however they took into account the 
dozen of measurements and the fault trace mapping that had been done by Slemmons (1957) right 
after the earthquake. Altogether the measurements reveal a maximum vertical slip of ~2.5 m in the 
central part of the rupture. Triangulations and leveling data recorded a similar maximum vertical 
slip of ~2.1 m (U.S. Coast and Geodetic Survey in Slemmons, 1957). Assuming that the Dixie 
Valley normal fault dips eastward by ~50° (Caskey et al., 1996), we infer a maximum on-fault slip 
of ~3.3 m. In Supplementary Figure S1, we represent both the original vertical slip profile 
determined by Caskey et al. (1996), and the net slip profile calculated using the ~50° fault dip 
provided by Caskey et al. (1996). Q1  
- Hypocenter: The hypocenter location is poorly constrained because of the old age of the 
earthquake but a fairly robust fact is that the earthquake initiated in the central part of the rupture, 
likely at ~12 km depth (Doser 1986).   
 

Causative fault parameters 
- General parameters 
Slip mode and strike: normal, NNE to NE-trending fault 
Initiation age: unknown 
Length: ~55 km  
Net slip: ~5 km (vertical component) estimated from refraction imaging, gravity and magnetic 
measurements (Thompson et al., 1967; Smith et al., 1968; Thompson and Burke, 1973). It is thus 
fairly well constrained.  
Long-term slip rate: ~0.5 mm/yr (vertical component over the last 12ka), based on 
paleoseismological trenches in the central part of the fault (Bell and Katzer, 1990; Bell et al., 2004) 
and on measurements of offset shorelines and terraces in the northern part of the fault (Thompson 
and Burke, 1973).  
Current slip rate: unknown 
- Mapping of fault trace: Several fault maps have been published, which are consistent (e.g., Bell 
and Katzer, 1990; compilation in U.S. Geological Survey and Nevada Bureau of Mines and 
Geology, 2006). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Dixie Valley fault is immature.  
- Direction of long-term propagation: Q1  
Wallace and Whitney (1984) have shown that the cumulative slip on the Dixie Valley fault 
decreases progressively from the fault center towards both its northern and its southern tips. At its 
southern tip, the Dixie Valley fault splays into multiple small branches (Supplementary Figure S1) 
and interacts with the Fairview Peak fault. Splay faults are not described at the northern fault tip. 
The net slip variation along the fault strike suggests that the Dixie Valley fault initiated near its 
present central part and propagated bilaterally towards the south and north. The southern tip splay 
network confirms the southward propagation.  
 
 
1980 Mw ~7.1 EL ASNAM EARTHQUAKE 
Earthquake: 10/Oct/1980, Mw 7.1, Algeria, Reverse fault  
Causative fault: Oued Fossa fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
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displacements measured directly on the field soon after the earthquake (Yielding et al., 1981; Philip 
and Meghraoui, 1983) and from using geodetic data (Ruegg et al., 1982). The measurements are 
consistent. The rupture trace and length are thus robustly constrained (length ~25 km). Q1.  
- Rupture extent within causative fault: The 1980 surface rupture is still fairly clear on high-
resolution satellite images (e.g., Google Earth), while several consistent rupture maps are available 
(Yielding et al., 1981; Philip and Meghraoui, 1983). The rupture zone is thus well located within 
the causative fault. The rupture broke entirely the Oued Fossa fault and also possibly a few km-long 
part of the Cheliff fault. Q1. 
- Surface earthquake slip profile: The surface vertical slip profile has been densely measured on the 
field, yet only the vertical component of slip could be measured (Yielding et al., 1981; Philip and 
Meghraoui, 1983). The measurements reveal a maximum vertical coseismic slip of ~5 m, confirmed 
by geodetic measurements (~5.2 m; Ruegg et al., 1982). Q2  
- Hypocenter: A robust fact is that the earthquake initiated at the southern tip of the Oued Fossa 
fault, at ~10 km depth, and then propagated unilaterally to the north (Deschamps et al., 1982).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: reverse (with minor left lateral strike slip component), NE-trending fault 
Initiation age: 2 to 5 Ma, supposedly as a result of regional N-S compression (Guiraud, 1977; Philip 
and Thomas, 1977). Thus the fault initiation age is not well constrained.  
Length: ~25 km  
Net slip: unknown 
Long-term slip rate: unknown 
Current slip rate: unknown 
- Mapping of fault trace: The Oued Fossa fault has been mapped in several studies and these 
mapping are consistent (Yielding et al., 1981, 1989; Philip and Meghraoui, 1983). We use the fault 
map from Yielding et al. (1989) because it represents the entire Oued Fossa fault and its connection 
with the Cheliff fault. Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Oued Fossa fault is immature.  
- Direction of long-term propagation: Q2 
Avouac et al. (1992) and Boudiaf et al. (1998) showed that the Oued Fossa fault long-term growth 
was accompanied with the development of so-called “growing folds”. These growing faults become 
younger towards the southwest, in keeping with the Oued Fossa fault having propagated 
southwestwards over its lifetime. The Oued Fossa fault is actually a major tip splay fault of the 
master Cheliff fault. Along with other splay faults developed at the western tip of the Cheliff fault, 
the Oued Fossa fault form a fan-shape tip splay network enlarging in the southwest direction. This 
architecture is indicative of the western long-term propagation of the Cheliff fault and thus also, 
likely, of the Oued Fossa fault.  
 
 
2010 Mw ~7.2 EL MAYOR CUCAPAH EARTHQUAKE 
Earthquake: 04/Apr/2010, Mw 7.2, Baja California (Mexico), Right lateral strike slip (with normal 
additional component)  
Causative fault: Elsinore fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped in the 
northern half of the rupture, and the displacements measured on the field (Fletcher, 2010; Teran et 
al., 2011, 2015; Fletcher et al., 2014), and from LiDAR imagery (Oskin et al., 2012; Gold et al., 
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2013). The measurements are consistent overall. The southern half of the rupture was more difficult 
to map on the field due to its location in an anthropized region. However, Wei et al. (2011) fairly 
well constrained the entire rupture trace using InSAR and SPOT images (rupture length ~120 km). 
Q2.  
- Rupture extent within causative fault: The northern half of the 2010 surface rupture is very clear 
on high-resolution satellite images (e.g., Google Earth) and available Lidar data 
(opentopography.org), whereas several precise rupture maps are available (e.g., Fletcher et al., 
2014). The rupture zone is thus fairly well located within the causative fault (good location in the 
north, more uncertain in the south, for reasons discussed above). Q2. 
- Surface earthquake slip profile: The surface coseismic slips were densely measured on the field 
(Fletcher et al., 2014) and from Lidar data (Gold et al., 2013), yet only in the northern part of the 
rupture. The complete surface slip profile could only be determined by using SPOT/InSAR images 
(Wei et al., 2011). The different studies are consistent overall, and especially find the largest 
coseismic slip in the northern part of the rupture (3.1-3.5 m of lateral slip and ~2 m of vertical slip, 
see Wei et al., 2011). Since the normal vertical component is found along most of the rupture length 
and not only locally at step-overs, it is a representative slip component. Therefore the composite net 
slip should be considered. This net slip reaches a maximum of 3-4 m (Fletcher 2010; Teran et al., 
2011; Fletcher et al., 2014).  
We chose to represent in Supplementary Figure S1 the surface slip profile determined by Wei et al. 
(2011) because it presents continuous measurements along the entire rupture length. However, the 
profile does not take into account the vertical component of the rupture. This is why we also 
represent, for comparison, the surface slip profile derived from the source inversion model of Wei 
et al. (2011). Q2 
- Earthquake slip profile at depth: As far as we know, only one source inversion model published 
on the 2010 El Mayor Cucapah earthquake has its grid data available (Wei et al., 2011). The model 
is based on numerous different and complementary data (SPOT images, GPS, InSAR and 
teleseismic). The model is well constrained in the northern part of the rupture where accurate data 
are available (GPS and SPOT images in US), but is more poorly constrained in the southern half of 
the rupture where data are few or lacking. Surprisingly, although measured surface slips are used to 
constrain the model, the displacements eventually modeled near the surface are lower than those 
actually measured on the field (see Supplementary Figure S1). At depth, the model produces a slip 
profile (as before, maximum slip in each column of the model grid) showing coseismic slip 
decreasing from a maximum value (6-7 m) in the northwest part of the rupture down to ~zero at the 
southeastern termination of the rupture. An isolated high slip patch is inferred near the southeastern 
end of the rupture (see Supplementary Figure S2) but this is where InSAR signal is noisy and the 
model resolution very low; therefore this slip patch is likely an artifact. If so, the maximum slip 
occurred in the northern part of the rupture, in agreement with observations at surface (compare 
Supplementary Figures S1 and S2). According to the model, most of the slip occurred between 0 
and 15-18 km depth.  
- Hypocenter: The hypocenter location is well constrained (see precise earthquake relocations from 
Hauksson et al., 2012). The earthquake initiated in the center of the rupture on a small oblique 
normal fault at ~16 km depth, and then propagated bilaterally on the Elsinore fault.  
- Rupture speed: Uchide et al. (2013) described the “expansion speed” of their modeled rupture. We 
use these modeled values as a proxy of the rupture speed; the derived speed varies from ~1 km/s in 
the southeastern part of the rupture to 3 km/s in its northwestern part.  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right-lateral strike slip, N130°-trending fault 
Initiation age: The Elsinore fault is taken by some authors to have initiated 1-2.5 Ma ago (e.g., 
Dorsey et al., 2012; Hull and Nicholson, 1992). However, the Elsinore fault developed as a major 
splay fault of the Southern San Andreas fault (Scholz, 1977, 2010; Crowel, 1979). Since the 
Southern San Andreas fault initiated ~12 Ma ago (Powell and Weldon, 1992 and references therein; 
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Sims, 1993), at least the northern part of the Elsinore fault must have formed several Ma ago, 
possibly up to the 12 Ma age of the Southern San Andreas fault, and more likely ~5 Ma ago (Powell 
and Weldon, 1992, Hull and Nicholson, 1992; Lutz et al., 2006; Kirby et al., 2007; Dorsey et al., 
2012).  
Length: ~400 km  
Net slip: 10-15 km measured in the northwestern part of the fault, consistently among different 
studies (Weber, 1977; Morton and Miller, 1987; Dorsey et al., 2012). It is thus fairly well 
constrained.  
Long-term slip rate: 3-6 mm/yr over the Holocene-Pliocene in the northern part of the fault 
(Millman and Rockwell, 1986; Vaughan and Rockwell, 1986; Hull and Nicholson, 1992; Rockwell 
et al., 2000a), to 1-2 mm/yr over the Pleistocene in its southern part  (Fletcher et al., 2011; Dorsey 
et al., 2012).   
Current slip rate: It is considered to be low (Fialko, 2006). Meade and Hager (2005) (GPS) and 
Lundgren et al. (2009) (InSAR) estimate a maximum lateral slip rate of 2 ± 3 and 3 ± 1 mm/yr, 
respectively. The large uncertainties show that the current slip rate is not well constrained.  
- Mapping of fault trace: Several precise fault maps have been published (e.g., U.S. Geological 
Survey and California Geological Survey, 2006; Dorsey et al., 2012). We chose to represent the 
fault map from Dorsey et al. (2012) because it shows the entire fault trace up to the California Gulf 
in Mexico. Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Elsinore fault is intermediate.  
- Direction of long-term propagation: Q1 
The Elsinore fault being a major splay of the Southern San Andreas fault, its initiation age in its 
northernmost part which splays from the San Andreas fault is similar or younger to that of the 
Southern San Andreas fault, i.e., 12 to 5 Ma according to the references cited above. At its southern 
end, the Elsinore fault is interacting with the Gulf of California faults. Since the Gulf of California 
opened ~5 Ma ago (e.g., Spence and Normark, 1979; Lonsdale, 1989), the southern part of the 
Elsinore fault is likely younger than 5 Ma. As a matter of fact, Dorsey et al. (2012) have shown that 
the southernmost segments of the Elsinore faults are extremely juvenile and offset recent 
stratigraphic levels. Therefore, the Elsinore fault age decreases from north to south. Meanwhile, 
several studies have shown that both the cumulative slip and the long-term slip rate decrease from 
north to south along the fault (Weber, 1977; Morton and Miller, 1987; Hull and Nicholson, 1992; 
Dorsey et al., 2012 and references therein). At its northwestern tip, the Elsinore fault abuts against 
the San Gabriel Mountains thrust, but the San Gabriel fault continues the Elsinore fault up to its 
connection with San Andreas. At its southeastern tip, the Elsinore fault splays into multiple oblique 
branches that interact with the Gulf of California faults (Supplementary Figure S1). The splay faults 
form a fan-shape network enlarging in the southeast direction. Altogether these evidences show that 
the Elsinore fault has propagated from northwest to southeast over its lifetime. 
 
 
1939 Mw ~7.8 ERZINCAN EARTHQUAKE 
Earthquake: 26/Dec/1939, Mw 7.8, Turkey, Right lateral strike slip  
Causative fault: North Anatolian fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured on the field soon after the earthquake (Pamir and Ketin, 1941; Parejas et 
al., 1942; compiled in Barka, 1996). The rupture trace and length are thus robustly constrained 
(length ~335 km). Q1.  
- Rupture extent within causative fault: The 1939 surface rupture is still visible on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (Barka, 1996; 
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Emre et al., 2013). The rupture zone is thus well located within the causative fault. Q1. 
- Surface earthquake slip profile: The complete surface slip profile was measured on the field soon 
after the earthquake (Pamir and Ketin, 1941; Parejas et al., 1942; compiled in Barka, 1996). Yet the 
measurement density is not very high. Therefore, while the overall features of the surface slip 
profile are well constrained, details of the slip distribution are not recovered in the available data. 
The maximum reported lateral coseismic slip at surface is ~7.5 m near the eastern tip of the rupture. 
Q2 
- Hypocenter: The hypocenter location is not well constrained, but a robust fact is that the 
earthquake initiated at the eastern tip of the rupture, and then propagated unilaterally to the west 
(McKenzie, 1972).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right-lateral strike slip, E-W-trending fault 
Initiation age: The North Anatolian fault system initiated 11-13 Ma ago, based on precise dating of 
offset features (e.g., Armijo et al., 1996, 1999; Schindler, 1998; Hubert Ferrari et al., 2002; Sengör 
et al., 2005), possibly localizing on a paleosuture (e.g., Sengör et al., 2005).  
Length: ~1400 km  
Net slip: ~85 km, determined from a few offset features (e.g., Armijo et al., 1999; Hubert-Ferrari et 
al., 2002) but it is likely underestimated (see pattern of net slip profile in Bohnhoff et al., 2016).  
Long-term slip rate: ~18 mm/yr over the Quaternary measured in the central part of the fault (e.g., 
Hubert-Ferrari et al., 2002).  
Current slip rate: 20-22 mm/yr (e.g., McClusky et al., 2000; Hubert Ferrari et al., 2002) measured 
near the eastern end of the fault.  
- Mapping of fault trace: Several precise fault maps have been published, that are consistent (e.g., 
Barka, 1992; Armijo et al., 2002; see a synthesis in Sengör et al., 2005). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the North Anatolian fault is mature.  
- Direction of long-term propagation: Q1 
Many studies have shown that the fault offsets become younger from the eastern part of the fault 
(~13 Ma) to its western end (the fault entered in the Aegean Sea ~1 Ma ago) (e.g., Sengör, 1979; 
Armijo et al., 1996, 1999; Schindler, 1998; Hubbert-Ferrari et al., 2002, 2003; Sengör et al., 2005; 
synthesis in Bohnhoff et al., 2016). The net slip also decreases from east (~85 km) to west (4-70 
km, with a preferred value of ~50 km) (Barka, 1992; Hubbert-Ferrari et al., 2002, 2003; Sengör et 
al., 2005; Akbayram et al., 2016 ; Bohnhoff et al., 2016). At its eastern tip, the North Anatolian 
fault terminates and abuts against the East Anatolian fault. At its western tip, the North Anatolian 
fault splays into multiple oblique branches (the main one are the Northern and the Southern strands; 
Supplementary Figure S1; e.g., Sengör et al., 2005), which form a fan-shape network enlarging 
towards the west. Altogether these evidence show that the North Anatolian fault has propagated 
unilaterally from east to west over its lifetime. 
 
 
1954 Mw ~7.2 FAIRVIEW PEAK EARTHQUAKE 
Earthquake: 16/Dec/1954, Mw 7.2, Nevada, Normal fault (with an additional right-lateral 
component of slip) 
Causative fault: Fairview Peak fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped on the field 
and from aerial photo analysis, and the displacements were measured on the field, all soon after the 
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earthquake (e.g., Slemmons, 1957; dePolo et al., 1991; Caskey et al., 1996; Zhang et al., 1999). The 
rupture trace is thus well constrained overall. However, the broad distribution of the rupture traces 
in the north and the occurrence of the Dixie Valley earthquake 4 minutes later in the northern 
prolongation of the Fairview Peak rupture, make the total rupture length difficult to measure 
precisely (~46 km, see Supplementary Figure S1). Note that in Fig. S1, we only represent the 
rupture trace on the Fairview Peak fault, that is, we ignore the small slip that was triggered on 
another fault (Philipp Walsh fault, small slip described over less than 5 km long, Caskey et al., 
1996), located 10 km further south. Q2 
- Rupture extent within causative fault: The 1954 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., dePolo 
et al., 1991; Caskey et al., 1996; Zhang et al., 1999). The rupture zone is thus well located within 
the causative fault. Q1 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
both soon after the earthquake and later in time (e.g., Slemmons, 1957; Caskey et al., 1996; Zhang 
et al., 1999). The measurements are consistent, and reveal maximum vertical and lateral coseismic 
slips at surface of ~3.8 and ~2.5 m, respectively. Since both slip components characterize the actual 
fault motion, the net slip must be calculated. Assuming that the Fairview Peak fault dips eastwards 
by 50-70° (Caskey et al., 1996; see details in Supplementary Figure S1), we infer a maximum 
combined on-fault slip of ~5.2 m, located in the southern part of the rupture. Q2 
- Hypocenter: The hypocenter location is poorly constrained but the earthquake seems to have 
initiated in the central part of the rupture, at ~15 km depth (Doser, 1986).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: normal and right lateral strike slip, NNE-trending fault 
Initiation age: unknown 
Length: ~46 km  
Net slip: unknown.  
Long-term slip rate: 0.1-0.2 mm/yr based on the measurement of a single ~8 m cumulative vertical 
slip whose age is estimated of 35-100 ka (Bell et al., 2004). Thus poorly constrained.  
Current slip rate: ~2 mm/yr of extension rate, poorly estimated from only two GPS sites either side 
of the northern Fairview Peak Fault (Thatcher et al., 1999; Bennett et al., 2003).  
- Mapping of fault trace: Several precise fault maps have been published, that are consistent (e.g., 
Caskey et al., 1996; U.S. Geological Survey and Nevada Bureau of Mines and Geology, 2006). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Fairview Peak fault is immature.  
- Direction of long-term propagation: Q3 
Fault age and net slip data are presently insufficient to constrain the direction of long-term 
propagation of the Fairview Peak fault. At its southern tip, the Fairview Peak fault terminates where 
it meets the Walker Lane shear zone (e.g., Stewart, 1980; Supplementary Figure S1). At its northern 
tip, a tip splay network is observed, whose architecture suggests that the Fairview Peak fault has 
been propagating northward. 
 
  
1857 Mw ~7.9 FORT TEJON EARTHQUAKE 
Earthquake: 09/Jan/1857, Mw 7.9, California, right-lateral strike-slip  
Causative fault: San Andreas fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped and the 
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displacements measured, essentially late after the earthquake, from measurements of lateral offsets 
across recent geomorphic features, performed on the field and from Lidar data analysis (Sieh, 1978; 
Grant Ludwig et al., 2010; Zielke et al., 2010, 2012). The measurements are dense and precise, 
whereas they are basically consistent (see more details below). The rupture trace and length are thus 
robustly constrained (~330 km). Q1 
- Rupture extent within causative fault: The 1857 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., Sieh, 
1978; compilation in U.S. Geological Survey and California Geological Survey, 2006). The rupture 
zone is thus well located within the causative fault. Q1 
- Surface earthquake slip profile: The complete surface slip profile has been determined long after 
the earthquake, from measurements of lateral offsets across recent geomorphic features, performed 
on the field and from Lidar data analysis (Sieh, 1978; Grant Ludwig et al., 2010; Zielke et al., 2010, 
2012). The slip measurements are dense and precise. The field- and Lidar data-based slip profiles 
are basically consistent on the overall features of the slip distribution (both show largest surface 
slips in the northern part of the rupture), but differ in largest slip amplitude (~9 m from Sieh, 1978 
(field measurements); ~6 m from Zielke et al., 2012 (Lidar measurements)). We represent both 
profiles in Supplementary Figure S1, but we use the slip profile from Sieh (1978) in our analysis 
because the approach to measure slip in Lidar data results in smoothing out the slip distribution 
(Zielke et al., 2012). Q2 
- Hypocenter: the hypocenter location is not well constrained but a robust fact is that the earthquake 
initiated near the northern tip of the rupture, and then mainly propagated towards the south (Sieh et 
al., 1978).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right lateral strike slip, NW-SE-trending fault 
Initiation age: Dextral slip initiated 24-29 Ma ago in the northern part of the San Andreas fault (e.g., 
Atwater and Stock, 1998; Liu et al., 2010) whereas it initiated ~12 Ma ago in the southern part of 
the San Andreas fault (e.g., Powell and Weldon, 1992; Sims, 1993). The San Jacinto and Elsinore 
splay faults formed later, ~5 Ma ago (e.g., Powell and Weldon, 1992 and references therein; Sims, 
1993; Nicholson et al., 1994; Dorsey et al., 2012). They are less than 2 Ma old in their 
southernmost part (e.g., Hull and Nicholson, 1992; Lutz et al., 2006; Kirby et al., 2007; Dorsey et 
al., 2012).  
Length: ~1300 km  
Net slip: maximum cumulative lateral slip of ~600 km in the northern half part of the fault (north of 
the creeping section), and < 300 km in its southern half part (e.g., Hill and Dibblee, 1953; Wallace; 
1970; Suppe et al., 1970; Crowell, 1979; Sims, 1993; Revenaugh and Reasoner 1997; Darin and 
Dorsey, 2013)  
Long-term slip rate: 20-35 mm/yr over the Holocene (Sieh and Jahns, 1984; Weldon and Sieh, 
1985; Perkins et al., 1989; Sims 1993; van der Woerd et al., 2006; Titus et al., 2011), measured 
along the creeping and the southern section of the San Andreas Fault.  
Current slip rate: ~25 mm/yr, but varying along the fault from 4 to 25 mm/yr (Segal and Harris, 
1986; Meade and Hager, 2005; Titus et al., 2011; Lindsey and Fialko, 2013; Tong et al., 2013).  
- Mapping of fault trace: Many fault maps have been published, that are consistent (e.g., Schwartz 
and Coppersmith 1984; compilation of U.S. Geological Survey and California Geological Survey, 
2006). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the San Andreas fault is mature.  
- Direction of decreasing maturity or long-term propagation: Q1  
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Different scenarios have been proposed to recover where the San Andreas fault (SAF) initiated 
originally and how it subsequently grew, but none of these scenario is entirely validated and the 
growth history of the San Andreas fault is thus still debated (e.g., Atwater, 1970, 1989; Powell and 
Weldon, 1992; Sims, 1993; Nicholson et al., 1994; Dickinson et al., 2005; Sharman et al., 2013). 
The most broadly accepted scenario is that of Atwater and Stock (1998; provided in the so-called 
“California-20 movie” at http://emvc.geol.ucsb.edu; note that similar reconstructions are provided 
by Nicholson et al., 1994). It shows the following points: 

First, the SAF formed at the expense of a pre-existing subduction fault. In its early stages, which 
occurred 20-29 Ma ago in the northern part of the present SAF, the “proto-SAF” did not propagate 
laterally. Rather, the transition from subduction to strike-slip occurred through the northward lateral 
migration of a sliver of the Pacific plate along the existing fault line, driven by the northward 
migration of the Mendocino Triple Junction. The northward migration of the Pacific sliver made the 
northernmost section of the present Northern SAF slipping laterally continuously over the entire 
duration of the migration, i.e., at least 20 Ma.  

Second, the present SAF is a composite of multiple original faults and has progressively migrated to 
fault branches towards the East. A western branch first formed ~20 Ma ago and an eastern branch 
formed ~16 Ma ago. While slip was likely distributed on the two branches till ~4 Ma, it later 
concentrated mainly on the eastern branch. This eastern branch and the northernmost section of the 
western branch constitute the present trace of the Northern-Central SAF.  

Once the Northern-Central SAF was well developed in the continental crust, the southern part of the 
Southern San Andreas fault formed, likely around 4-5 Ma, and developed by propagating 
southwards (see below). 

Therefore, the growth history of the San Andreas fault is complex. However, the reconstructions 
suggest that the northernmost section of the present Northern San Andreas fault is the section of the 
entire fault zone that has been slipping over the longest time, 20 Myrs and possibly more. All other 
parts of the San Andreas fault zone have either stopped or slowed down slipping long before 
present (ex: San Gregorio fault) or have formed later (ex: the eastern branch that forms the rest of 
the Northern-Central San Andreas fault, the Southern San Andreas fault, the Hayward-Calaveras 
faults). Therefore, in terms of total slip duration, the northernmost section of the present Northern 
San Andreas fault is the longest-lived section of the entire San Andreas fault. It is thus the most 
mature section of the San Andreas fault, and more specifically, of the Northern San Andreas fault.  
Several complementary evidence corroborate the above inferences: The cumulative slip (Hill and 
Dibblee, 1953; Wallace; 1970; Suppe et al., 1970; Crowell, 1979; Sims, 1993; Revenaugh and 
Reasoner 1997; Darin and Dorsey, 2013), the long-term slip rate (van der Woerd et al., 2006), and 
the degree of connection of the fault segments (Aviles et al., 1987), all decrease from north to south 
along the San Andreas fault. Bilham and Williams (1985) dated one of the southernmost fault 
segments (Durmid segment) and found it very young, with an age of ~30 ka. At its southern tip, the 
San Andreas fault splays into multiple fault branches which include the San Jacinto and the 
Elsinore faults (formed ~5 Ma ago, e.g., Powell and Weldon, 1992; Sims, 1993; Nicholson et al., 
1994; Dorsey et al., 2012), but also many other smaller faults (Aviles et al., 1987; Ando et al., 
2009; Supplementary Figure S1). These splaying faults form a fan-shape network enlarging towards 
the south. Altogether these evidences support that the Northern San Andreas fault is older and 
hence more mature than the Southern San Andreas fault, and that the Southern San Andreas fault 
has propagated southward over its lifetime.  
 

 
1931 Mw ~7.9 FUYUN EARTHQUAKE 
Earthquake: 19/Aug/1931, Mw 7.9, China, right-lateral strike-slip  
Causative fault: Fuyun fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured both on the field (Jianbang et al., 1984; Lin and Lin, 1998), and on high-
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resolution Quickbird satellite images (Etchebes, 2011; Klinger et al., 2011), yet long time after the 
earthquake. The measurements are consistent however, suggesting that the rupture trace and length 
are well constrained (~165 km). Q2 
- Rupture extent within causative fault: The 1931 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., Lin and 
Lin, 1998; Klinger et al., 2011). The rupture zone is thus well located within the causative fault. Q1 
- Surface earthquake slip profile: The complete surface slip profile has been determined long after 
the earthquake from measurements of preserved recent offset features, both on the field (Jianbang et 
al., 1984; Lin and Lin, 1998) and from satellite images. The measurements are consistent overall, 
and all show that largest surface slip occurred in the northern part of the rupture. The measurements 
only differ on the maximum lateral slip amplitude: ~14 m from field measurements (Jianbang et al., 
1984; Lin and Lin 1998; plus ~3 m of vertical slip), and ~9 m from satellite image measurements 
(Etchebes, 2011; Klinger et al., 2011). We use the slip profile from Lin and Lin (1998) because 
these authors performed the most complete study where they describe both the lateral and the 
vertical displacements along the entire rupture length. Vertical displacements were only measured 
in the northern part of the rupture, and this is why we do not represent them in Supplementary 
Figure S1, so as to better compare the available lateral slip profiles. Q2 
- Hypocenter: The location of the hypocenter is not constrained but one robust fact is that the 
earthquake initiated in the northern part of the rupture, close to the location of the eventual 
maximum coseismic displacement (Chen and Molnar, 1977). The rupture then propagated 
bilaterally toward both the north and south.  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right-lateral strike slip, NNW-trending fault 
Initiation age: unknown but the transpressive deformation in the Gobi-Altai region started between 
2 and 8 Ma (e.g., Vassalo et al., 2007) as a result of India-Eurasia convergence (e.g., Tapponnier 
and Molnar, 1977).  
Length: ~450 km  
Net slip: maximum cumulative lateral slip estimated of ~20 km, based on the lateral offset of 
Devonian formations in the northern part of the fault. 
Long-term slip rate: unknown. 
Current slip rate: unknown. However, Calais et al. (2003; GPS data) estimate a mean lateral slip 
rate of ~5 mm/yr across the whole Altay domain (with respect to Eurasia), what suggests that the 
lateral slip rate of the Fuyun Fault is low, less than a few mm/yr.  
- Mapping of fault trace: The entire fault length has been precisely mapped in a prior study from 
Tapponnier and Molnar, (1979). Q2 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Fuyun fault is intermediate.  
- Direction of long-term propagation: Q3 
The available fault age and net slip data are insufficient to constrain the direction of long-term 
propagation of the Fuyun fault. However the main fault trace is flanked by well-developed 
secondary splay faults which form a fan shape enlarging towards the south. This architecture 
suggests that the Fuyun fault has propagated southward over the long-term (Perrin et al., 2016). 
However, the existence of the perpendicular major Barkol Tagh range fault at the present southern 
Fuyun fault tip makes it unlikely that the Fuyun fault can presently continue propagating further 
southward. The fault might thus be instead in the process of resuming propagating northwards, as 
suggested by a network of dense small splay faults developed at the northern Fuyun fault tip.  
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1959 Mw ~7.5 HEBGEN LAKE EARTHQUAKE 
Earthquake: 17/Aug/1959, Mw 7.5, Montana, normal fault  
Causative fault: Hebgen fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured, soon after the earthquake (Witkind et al., 1962; Myers and Hamilton, 
1964; Witkind, 1964; Zhang et al., 1999), and the measurements are consistent. The rupture trace 
and length are thus robustly constrained (~25 km). Q1 
- Rupture extent within causative fault: The 1959 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., Myers 
and Hamilton, 1964; Witkind, 1964; Zhang et al., 1999; U.S. Geological Survey and Montana 
Bureau of Mines and Geology, 2006). The rupture zone is thus well located within the causative 
fault. Q1 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
soon after the earthquake (Myers and Hamilton, 1964). The measured surface slip profile is fairly 
dense along the rupture and well constrained. It reveals a maximum vertical slip value of ~5.5 m. 
Q2  
- Hypocenter: The hypocenter position is not well defined and much varies among the various 
studies (see Ryall, 1962). In all available analyses however, the hypocenter locates nearby the 
eastern end of the rupture, at about 12 km depth (Murphy and Brazee, 1964; Doser, 1985b). The 
rupture thus mainly propagated toward the west.  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: normal, N120°-trending fault 
Initiation age: 0.6-2 Ma ago (Scott et al., 1985; Christiansen, 1986) deduced from structural 
correlation between faults and age of “present” Yellowstone Caldera.  
Length: ~45 km  
Net slip: unknown 
Long-term slip rate: 0.8-2.5 mm/yr (Doser et al., 1985a; Anderson et al., 1996), but poorly 
constrained.  
Current slip rate: difficult to estimate, especially due to the proximity of the Yellowstone Caldera 
(magma-driven uplift and subsidence motions; e.g., Puskas et al., 2007). 
- Mapping of fault trace: Several precise fault maps are available (e.g., Myers and Hamilton 1964; 
compilation in U.S. Geological Survey and Montana Bureau of Mines and Geology, 2006) but the 
zone is complex due to the presence of volcanic products. Q2 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Hebgen fault is immature.  
- Direction of long-term propagation: Q3 
Available fault age and net slip data are insufficient to constrain the direction of long-term 
propagation of the Hebgen fault. At its western tip, the Hebgen fault stops against an oblique 
mountain range. At its eastern tip, the fault splays into multiple branches (Supplementary Figure 
S1), which form a fan-shape network enlarging towards the east. This architecture suggests that the 
Hebgen fault has propagated eastward over its lifetime (Perrin et al., 2016).  
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1999 Mw ~7.1 HECTOR MINE EARTHQUAKE 
Earthquake: 16/Oct/1999, Mw 7.1, California, Right lateral strike slip  
Causative fault: Lavic Lake-Pisgah-Bullion-Mesquite Lake Fault zone  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured both on the field (e.g., USGS et al., 2000; Treiman et al., 2002) and from 
radar imagery (Sandwell 2000, 2002; Peltzer et al., 2001; Jónsson et al., 2002; Simons et al., 2002). 
InSAR data well agree with surface mapping and give additional insights on slip at the tips of the 
rupture (see dashed line on the slip profile in Supplementary Figure S1). The rupture trace and 
length are thus robustly constrained (length 50-55 km, Sandwell 2000, 2002; Peltzer et al., 2001; 
Jónsson et al., 2002; Simons et al., 2002). Q1.  
- Rupture extent within causative fault: The 1999 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., U.S. 
Geological Survey and California Geological Survey, 2006). The rupture zone is thus well located 
within the causative fault. Q1. 
- Surface earthquake slip profile: The complete surface slip profile has been measured both on the 
field (maximum lateral slip of ~5.3 m, USGS et al., 2000; Treiman et al 2002), and from InSAR 
data and modeling (maximum lateral slip of 6-6.5 m, Peltzer et al., 2001; Jónsson et al., 2002; 
Sandwell 2002; Simons et al., 2002). The on-field measured and Insar-inferred surface slip profiles 
are similar and hence are robust. We chose to represent in Supplementary Figure S1 the slip profile 
determined by Jónsson et al., 2002 because it gives additional insights on slip at the tips of the 
rupture (dashed line on the slip profile in Supplementary Figure S1). Q1 
- Earthquake slip profile at depth: We use four source inversion models that have been published 
on the 1999 Hector Mine earthquake and whose grid data are available. The models differ 
principally from the data they used (Ji et al., 2002: Teleseismic, strong motions, GPS and surface 
slip data; Jónsson et al., 2002: InSAR and GPS data; Kaverina et al., 2002: InSAR, GPS, local and 
regional seismicity and surface slip data; Salichon et al., 2004: InSAR, GPS, teleseismic and 
surface slip data). All four models thus use a large amount of various data and hence are likely 
robust. As a matter of fact, they all produce a similar slip profile showing slip decreasing fairly 
regularly from a maximum value (range 6-9 m) in the north of the rupture (same location of zone of 
largest slips on all 4 profiles) down to the southern termination of the rupture. All four models also 
find most of slip distributed in the depth range 0-15 km. The model of Kaverina et al. (2002) being 
the one using more data, both local and regional, it is the one we most consider in Supplementary 
Figure S2. 
The zone of largest displacements at depth is at a different location than that observed at surface 
(compare Supplementary Figure S1 and S2). The zone where the largest deep slip is modeled is 
where distributed splay faults, including the main Bullion Mountains Blind fault, were revealed by 
the aftershocks (Hauksson et al., 2002). Together these suggest that the modeled larger deep slip 
might result from having summed the entire distributed slip onto the fault. It so, the models are not 
accurate in the northern rupture part.  
- Hypocenter: The hypocenter location is well constrained, and shows that the earthquake initiated 
close to the central part of the rupture at ~7 km depth (see refine earthquake catalog from Hauksson 
et al., 2012), then propagated bilaterally toward both the north and south.  
- Rupture speed: The rupture speed was estimated along the rupture length, and shown to vary from 
1.8 km/s in the northern part of the rupture to 2.2-2.8 km/s in its southern part (Ji et al., 2002; 
Kaverina et al., 2002).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right lateral strike slip, NW-trending fault 
Initiation age: < 10 Ma, recognized in multiple studies (Dibblee 1961; Garfunkel 1974; Dokka 
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1983; Dokka and Travis, 1990 and references therein).  
Length: ~90 km 
Net slip: 6-14 km on the northern Pisgah fault section (field: Dokka 1983; Dokka and Travis 1990; 
magnetic anomalies: Jachens et al., 2002) to 20 km on the southern Bullion-Mesquite fault section 
(Jachens et al., 2002). Even if some uncertainties remain on the Pisgah fault, the measurements are 
consistent between the different studies.  
Long-term slip rate: 0.8 mm/yr, measured on the northern Pisgah fault section (Hart et al., 1988; 
Oskin et al., 2007 and references therein), based on dated offset markers (Hart et al., 1988).  
Current slip rate: not defined. However, the total current slip rate across the southern part of the 
East California Shear Zone (ECSZ) is ~12 mm/yr (Sauber et al., 1994; McClusky et al., 2001). If 
one assumes that the ECSZ is composed of six major sub-parallel faults, including the Lavic Lake-
Pisgah-Bullion-Mesquite Lake Fault zone (e.g., Jennings et al., 1994; Jachens et al., 2002), each 
might be currently slipping at ~2 mm/yr.  
- Mapping of fault trace: Several precise fault maps have been published by the USGS (Jennings et 
al., 1994; compilation in U.S. Geological Survey and California Geological Survey, 2006), which 
are consistent. Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Lavic Lake-Bullion-Mesquite Fault zone is immature.  
- Direction of long-term propagation: Q1  
Several studies have shown that the net slip on the Lavic Lake-Pisgah-Bullion-Mesquite Lake fault 
is largest in the southern part of the fault (Bullion-Mesquite Lake fault section; Jachens et al., 2002) 
and decreases towards the north (Pisgah fault section; Dibblee, 1961; Garfunkel, 1974; Dokka, 
1983; Dokka and Travis, 1990). At its southern tip, the Lavic Lake-Pisgah-Bullion-Mesquite Lake 
fault abuts and terminates abruptly against the ~E-W trending Pinto Mountain fault. Near its 
northern tip, the Lavic Lake-Pisgah-Bullion-Mesquite Lake fault splays into multiple oblique 
branches (Pisgah, Lavic Lake, “Bullion Mountains Blind”, e.g., Jachens et al., 2002; Supplementary 
Figure S1) which form a fan-shape network enlarging towards the north. Altogether these evidence 
suggest that the Lavic Lake-Pisgah-Bullion-Mesquite Lake fault has propagated from south to north 
during its lifetime.   
 
 
1940 Mw ~7.0 IMPERIAL VALLEY EARTHQUAKE 
Earthquake: 18/May/1940, Mw 7.0, USA-Mexico border, right-lateral strike-slip  
Causative fault: Imperial Valley fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped (Sharp 
1982), and the displacements measured soon after the earthquake both on the field (e.g., from J.P 
Buwalda, 1940, unpublished but compiled in Sharp, 1982) and from aerial imagery (measurements 
not along entire rupture length; Rockwell and Klinger, 2013). The rupture trace and length are thus 
robustly constrained (length ~58 km). Q1.  
- Rupture extent within causative fault: The 1940 surface rupture cannot be easily discriminated, on 
Google Earth and Landsat 7 satellite images, from the cumulative fault trace, which is subtle (yet 
visible). However, several precise rupture maps are available (e.g., Sharp 1982; U.S. Geological 
Survey and California Geological Survey, 2006). The rupture zone is thus well located within the 
causative fault. Q1.  
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
after the earthquake (J.P Buwalda, 1940, unpublished but compiled in Sharp, 1982), whereas only 
measurements in the central part of the rupture could be performed using satellite imagery 
(Rockwell and Klinger, 2013). The measurements are consistent overall, and show a maximum 
lateral slip of 6 to 7 m (Sharp 1982; Rockwell and Klinger, 2013). We chose to represent in 
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Supplementary Figure S1 the slip profile determined by Sharp (1982) because it provides surface 
measurements along the entire rupture length. Q2  
- Hypocenter: The hypocenter location is not well constrained but a robust fact is that the 
earthquake initiated in the northern part of the rupture, then propagated mainly towards the 
southeast (Richter, 1958; Trifunac and Burne, 1970; Trifunac, 1972). 
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right lateral strike slip, NW-trending fault 
Initiation age: possibly 2 Ma ago, at the same time as the southern part of the San Jacinto fault (e.g., 
Lutz et al., 2006; Kirby et al., 2007). But this is not well constrained.  
Length: ~60 km  
Net slip: unknown 
Long-term slip rate: 15-20 mm/yr (over the last 300-500 yr), based on offset of penultimate lake 
shoreline deposits in the central part of the fault (Thomas and Rockwell, 1996).  
Current slip rate: 5-9 mm/yr of shallow creep in the north (GPS; e.g., Lyons et al., 2002; Crowell et 
al., 2013; InSAR, Lindsey and Fialko, 2016) and 25-35 mm/yr of deep slip rate (estimated by far 
field geodetic data; Lindsey and Fialko, 2016 and references therein). However, the latter value 
might be over-estimated due to noisy InSAR data and presence of blind faults off the Imperial fault 
which may accommodate part of the slip (see discussion in Lindsey and Fialko, 2016).  
- Mapping of fault trace: Several precise fault maps have been published which are consistent (e.g., 
Sharp, 1982; compilation in U.S. Geological Survey and California Geological Survey, 2006). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Imperial fault is possibly intermediate.  
- Direction of long-term propagation: Q3  
Larsen and Reilinger (1991) showed that the northernmost fault section is young, formed 3 ka ago. 
In the south, the fault seems to connect with the California Gulf faults that formed ~5 Ma ago (e.g., 
Dorsey et al., 2012). At its northwestern tip, the Imperial fault splays into two fault branches 
(Supplementary Figure S1), which form a fan-shape network enlarging towards the north. 
Altogether these evidence suggest that the Imperial fault has propagated northwestward during its 
lifetime. 
 
 
1979 Mw ~6.5 IMPERIAL VALLEY EARTHQUAKE 
Earthquake: 15/Oct/1979, Mw 6.5, USA-Mexico border, right-lateral strike-slip  
Causative fault: Imperial Valley fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured on the field soon after the earthquake (e.g., Sharp et al., 1982). The rupture 
trace and length seem well constrained, although only one study exists (~31 km). However the 
earthquake initiated south of the rupture which has been mapped (see Supplementary figure S1) and 
therefore, even though no surface ruptures were reported in this southern region, it is likely that the 
rupture length is a few km longer than reported from the surface traces. Q2  
- Rupture extent within causative fault: The 1979 surface rupture cannot be discriminated, on 
Google Earth and Landsat 7 satellite images, from the cumulative fault trace, which is subtle (yet 
visible). As said above, there is an uncertainty on the rupture length. However, the available rupture 
maps (Sharp et al., 1982; U.S. Geological Survey and California Geological Survey, 2006) make 
the rupture zone fairly easy to locate within the causative fault. Q2. 
- Surface earthquake slip profile: The complete surface slip profile has been well measured on the 
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field, soon after the earthquake. It shows a maximum lateral slip of ~0.6 m, in the southern part of 
the rupture (Sharp et al., 1982). Q2 
- Earthquake slip profile at depth: One source inversion model has been published for the 1979 
Imperial Valley earthquake, whose grid data are available (Hartzell and Heaton, 1993). The model 
is based on a moderate number of strong motions and teleseismic data, and hence is moderately 
well constrained. It suggests a ~1.8 m maximum slip in the center of the rupture, at 8-10 km depth. 
The zone of largest slip modeled at depth is thus at a different location than that observed at surface 
(compare Supplementary Figure S1 and S2). This suggests that the model is not fully correct, and 
that, possibly, part of the large slip modeled at depth is the sum of more distributed slip near the 
surface.  
- Hypocenter: The hypocenter location was constrained from Global CMT and hence has large 
uncertainties (Hartzell and Heaton 1983). A robust fact however is that the earthquake initiated near 
the southern end the rupture, at 10-12 km depth. The rupture then propagated unilaterally towards 
the northwest.  
- Rupture speed: The rupture speed was estimated along the rupture length varying from 2.5-2.9 
km/s in the southern part of the rupture to 2-8.8 km/s in its northern part (Archuleta, 1984; Spudich 
and Cranswick, 1984). These estimations are uncertain however, for they were constrained from 
limited data. 
 
Causative fault parameters 
See a description of the Imperial fault in the “1940 Imperial Valley earthquake” section. 
 
 
1999 Mw ~7.5 IZMIT EARTHQUAKE 
Earthquake: 17/Aug/1857, Mw 7.5, Turkey, right-lateral strike-slip  
Causative fault: Northern strand (called Northern Branch fault) of the North Anatolian fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been mapped on the field (e.g., 
Barka et al., 2002), and the displacements measured on the field (e.g., Barka et al., 2002) and from 
SPOT images (Michel and Avouac, 2002). In the west, part of the rupture might have extended 
offshore (Yalova segment, see discussion and references in Manighetti et al., 2005). In the east, the 
earthquake also broke a small secondary fault (dotted line in Supplementary Figure S1) off the main 
Northern Branch fault ruptured by the Izmit earthquake. Thus the total rupture length is not 
completely well defined, and it furthermore depends on whether the small off-fault rupture to the 
east is included or not. Q2  
- Rupture extent within causative fault: The 1999 surface rupture is in part clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., Barka et 
al., 2002). Even if there is an uncertainty in the rupture length, the rupture zone is thus fairly well 
located within the causative fault. Q2 
- Surface earthquake slip profile: The surface slip profile has been measured almost entirely both 
on the field (maximum lateral slip of ~5 m, Barka et al., 2002), and from SPOT images (maximum 
lateral slip of 5-5.5 m, Michel and Avouac, 2002), soon after the earthquake. The measurements are 
consistent. We chose to represent in Supplementary Figure S1 the slip profile determined by Michel 
and Avouac (2002) because it provides continuous measurements along the rupture. In the east 
where the SPOT coverage is lacking, we have added the measurements made by Barka et al. (2002) 
(dashed line in Supplementary Figure S1). Q1 
- Earthquake slip profile at depth: We use four source inversion models that have been published 
on the 1999 Izmit earthquake and whose grid data are available. The models differ principally from 
the data they used (Delouis et al., 2002: Teleseismic, strong motions, GPS and InSAR data; Cakir et 
al., 2003: InSAR and surface offsets data; Bouchon et al., 2002: strong motions data; Reilinger et 
al., 2004: InSAR and GPS data). Yet, overall, data were few to constrain the Izmit earthquake. The 
4 models find most of the slip distributed in the depth range 0-20 km, with similar maximum slip 
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values in the range 6-8 m. However they produce very different overall slip patterns (see 
Supplementary Figure S2). These major differences prevent us to using any of them for we ignore 
which model might be more appropriate, if any (since data were few).  
- Hypocenter: The earthquake initiated in the central part of the rupture at a depth of ~17 km 
(USGS), then propagated bilaterally toward the west and the east.  
- Rupture speed: The rupture speed was estimated along the rupture length, varying from 3 km/s in 
the western part of the rupture to 4.8-5.8 km/s (supershear rupture velocity) in its eastern part 
(Bouchon et al., 2001, 2002; Sekiguchi and Iwata, 2002).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right lateral strike slip, E-W-trending fault 
Initiation age: 2-5 Ma ago (e.g., Schindler, 1998; Armijo et al., 1999; Sengör et al., 2005).  
Length: ~500 km  
Net slip: debated between 4 and 70 km (e.g., Armijo et al., 1999; Sengör et al., 2005; Bohnoff et al., 
2016; Akbayram et al., 2016 and references therein).  
Long-term slip rate: ~16 mm/yr measured on the eastern part (onshore, Rockwell et al., 2009) and 
the western part (offshore, Grall et al., 2013).  
Current slip rate: 16-28 mm/yr, but the more accurate value seems to be ~17 mm/yr (e.g., Hergert 
and Heidbach, 2010 and references therein).  
- Mapping of fault trace: Several precise fault maps have been published that are consistent (e.g., 
Barka et al., 2002; Armijo et al., 2002; see a synthesis in Sengör et al., 2005). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Northern Branch of the North Anatolian Fault is intermediate. 
- Direction of long-term propagation: Q1 
The Northern Branch fault is one of the major splay faults of the North Anatolian fault 
(Supplementary Fig. S1). It has thus propagated westward over the long-term as its master fault (see 
“1939 Erzincan earthquake section”).  
 
 
2001 Mw ~7.8 KUNLUN EARTHQUAKE 
Earthquake: 14/Nov/2001, Mw 7.8, China, left-lateral strike-slip  
Causative fault: Kunlun fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured both on the field and from satellite imagery (e.g., Lin et al., 2002, 2003; Fu 
and Lin, 2003; Fu et al., 2005; Klinger et al., 2005, 2006; Xu et al., 2006). The measurements are 
consistent. The rupture trace and length are thus robustly constrained (~450 km). Q1 
- Rupture extent within causative fault: The 2001 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., Klinger 
et al., 2005, 2006). The rupture zone is thus well located within the causative fault. Q1 
- Surface earthquake slip profile: The complete surface slip profile has been measured both on the 
field (maximum lateral slip of ~8 m, e.g., Xu et al., 2006), and from SPOT images (maximum 
lateral slip of ~8.3 m, Klinger et al., 2006). The field and SPOT images-inferred surface slip 
profiles are consistent. We represent them together in Supplementary Figure S1. Q1 
- Earthquake slip profile at depth: We use one source inversion model whose grid data are available 
(Lasserre et al., 2005). The model is based on InSAR data only (InSAR decorrelates in the vicinity 
of the fault). The model produces a slip profile showing slip decreasing from a maximum value (~ 8 
m) in the east of the rupture down to zero in the western termination of the rupture. Most of slip is 
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distributed in the depth range 0-20 km.  The slip profile at depth is similar to that observed at 
surface (compare Supplementary Figure S1 and S2). 
- Hypocenter: Although there was a lack of near-field stations, the hypocenter was fairly well 
located from far-field data. The earthquake initiated at the western tip of the rupture, at 9-12 km 
depth (e.g., Antolik et al., 2004), then propagated unilaterally toward the east.  
- Rupture speed: The rupture speed was estimated along the rupture length, varying from 2.6-3.3 
km/s in the western part of the rupture to 5-6.7 km/s (supershear rupture velocity) in its eastern part 
(Bouchon and Vallée, 2003; Antolik et al., 2004; Robinson et al., 2006; Vallée et al., 2008; Walker 
and Shearer, 2009).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: left lateral strike slip, ~E-W-trending fault 
Initiation age: The Kunlun fault localized onto a Paleozoic suture (e.g., Tapponnier et al., 2001), 
about ~10 Ma ago (e.g., Fu and Awata, 2007). Yet older initiation ages have been proposed (23-34 
Ma, Tapponnier et al., 2001 and references therein).  
Length: ~1500 km  
Net slip: 85-120 km of maximum lateral slip measured at two different locations near the central 
part of the fault (Gaudemer et al., 1989; Fu and Awata, 2007).  
Long-term slip rate: 12 mm/yr over the Quaternary in the central part of the Kunlun fault, 
decreasing to ~10 mm/yr and 1-6 mm/yr towards the west and the east, respectively (Van der 
Woerd et al., 1998, 2000, 2002; Li et al., 2005; Kirby et al., 2007; Harkins et al., 2010).  
Current slip rate: 7-11 mm/yr (e.g., Zhang et al., 2004; Meade, 2007) measured in the central part of 
the fault (and also deduced from block models).  
- Mapping of fault trace: Several precise fault maps have been published that are consistent (e.g., 
Van der Woerd et al., 2002; Kirby et al., 2007). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Kunlun fault is mature.  
- Direction of long-term propagation: Q1 
The net slip decreases from the central part of the fault towards both the east and the west 
(Gaudemer et al., 1989; Fu and Awata, 2007). The long-term slip rate also decreases from the fault 
center to its eastern and western tips (Van der Woerd et al., 1998, 2000, 2002; Li et al., 2005; Kirby 
et al., 2007; Harkins et al., 2010). Moreover, Jolivet et al. (2003) described that the recent westward 
lengthening of the Kunlun fault occurred ~3 Ma ago. Both at its western and eastern tips, the 
Kunlun fault splays into several oblique branches (see Supplementary Figure S1) which form a fan-
shape network enlarging in the west and east directions, respectively. Altogether these evidence 
show that the Kunlun fault has propagated bilaterally from its central part over its lifetime.   
 
 
1992 Mw ~7.3 LANDERS EARTHQUAKE 
Earthquake: 28/Jun/1992, Mw 7.3, California, right-lateral strike-slip  
Causative fault: The earthquake actually broke three distinct fauts disposed en echelon: the Camp 
Rock-Emerson, the Homestead Valley and the Johnson Valley faults  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured both on the field (Sieh et al., 1993) and from InSAR imagery (Massonet et 
al., 1993, 1994; Zebker et al., 1994; Peltzer et al., 1994), immediately after the earthquake. 
Postseismic deformation rapidly took place due south of the Landers rupture along the Eureka Peak 
fault (rupture trace reported by Sieh et al., 1993). The surface trace reported in some studies on the 
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Eureka Peak fault is thus of post-seismic origin, not coseismic. The small northern part of the 
rupture (dotted line in Supplementary Figure S1) was only a surficial rupture of the ground, not a 
rupture of the fault at depth as shown by the lack of aftershocks in this northernmost zone 
(Hauksson et al., 2012). The rupture trace and length are thus well constrained (~67 km), but the 
rupture length slightly differs among authors for the two reasons discussed above. Q2 
- Rupture extent within causative fault: The 1992 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (Sieh et al., 
1993; U.S. Geological Survey and California Geological Survey, 2006). The rupture zone is thus 
well located within the causative fault. Q1. 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
(maximum lateral slip of ~6.6 m, e.g., Sieh et al., 1993), as with InSAR (Massonet et al., 1993) and 
GPS (Hudnut et al., 1994). The measurements are consistent and in particular show a co-located 
maximum lateral slip of 6-6.6 m. Q1 
- Earthquake slip profile at depth: We use four source inversion models that have been published 
on the 1992 Landers earthquake and whose grid data are available. The models differ principally 
from the data they used (Wald and Heaton, 1994: Teleseismic, strong motions, GPS and surface 
offsets data; Cohee and Beroza, 1994: strong motions and surface offsets data; Cotton and 
Campillo, 1995: strong motions data; Hernandez et al., 1999: InSAR and GPS data). All four 
models thus use a large amount of various data and hence are likely robust. They all produce a 
fairly similar slip profile showing slip decreasing from a maximum value (range 5-8 m) in the north 
of the rupture (similar location of zone of largest slips on all four profiles) down to zero at the 
southern termination of the rupture. All four models also find most of the slip distributed in the 
depth range 0-15 km. The model of Wald and Heaton (1994) being the one using more data, both 
local and regional, it is the one we most consider in Supplementary Figure S2. The zone of largest 
displacements at depth is co-located with that observed at surface (compare Supplementary Figure 
S1 and S2). This further supports that the models are appropriate.  
- Hypocenter: The hypocenter location is well constrained, and shows that the earthquake initiated 
near the southern end of the rupture at ~7 km depth (e.g., refine earthquake catalog from Hauksson 
et al., 2012), then propagated unilaterally toward the north.  
- Rupture speed: The rupture speed was estimated along the rupture length, and shown to vary from 
2.5-3.6 km/s in the southern part of the rupture to ~4 km/s (supershear rupture velocity) in its 
northern part (Wald and Heaton, 1994; Peyrat et al., 2001).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: right lateral strike slip, NW to N-S-trending faults 
Initiation age: < 10 Ma recognized in multiple studies (Dibblee, 1961; Garfunkel, 1974; Dokka, 
1983; Dokka and Travis, 1990 and references therein). The fault age is thus fairly well constrained.  
Length: ~95 km  
Net slip: ~4.6 km on the northern Camp Rock fault (field: Dokka, 1983; Dokka and Travis, 1990; 
magnetic anomalies: Jachens et al., 2002) to less than 3.5 km on the southern Homestead Valley 
and Johnson Valley faults (Jachens et al., 2002).  
Long-term slip rate: 0.2-0.7 mm/yr (late Cenozoic), based on data from many paleoseismic trenches 
across the Emerson, Homestead Valley and Johnson Valley faults (Rubin and Sieh, 1997; Rockwell 
et al., 2000b).  
Current slip rate: not defined. However the total current slip rate across the southern part of the East 
California Shear Zone (ECSZ) is ~12 mm/yr (Sauber et al., 1994; McClusky et al., 2001). If one 
assumes that the ECSZ is composed of six major sub-parallel rotating faults including the Camp 
Rock-Emerson-Homestead Valley-Johnson Valley fault system (e.g., Jennings et al., 1994; Jachens 
et al., 2002), the fault system might be currently slipping at ~2 mm/yr.  
- Mapping of fault trace: Several precise fault maps have been published by the USGS (Jennings et 
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al., 1994; compilation in U.S. Geological Survey and California Geological Survey, 2006), which 
are consistent. Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Camp Rock-Emerson-Homestead Valley-Johnson Valley fault system is immature.  
- Direction of long-term propagation: Q1 
Jachens et al., (2002) have shown that the net slip on the Camp Rock-Emerson, Homestead Valley 
and Johnson Valley faults is largest in the northern part of the fault zone (Camp Rock fault) and 
decreases progressively towards the south (Johnson Valley fault). Furthermore, Zachariasen and 
Sieh (1995) have shown that the northern Emerson fault is older than the southern Homestead 
Valley fault. At its northern tip, the Camp Rock-Emerson-Homestead Valley-Johnson Valley fault 
zone terminates in a large step-over with the Harper Lake fault. In the south, the Homestead Valley 
and Johnson Valley faults splay off the Camp Rock-Emerson fault, and, together with other oblique 
fault branches, they form a fan-shape network enlarging in the south direction. Altogether these 
evidence show that the Camp Rock-Emerson-Homestead Valley-Johnson Valley fault system has 
propagated from north to south during its lifetime.   
 
 
1997 Mw ~7.5 MANYI EARTHQUAKE 
Earthquake: 09/Nov/1997, Mw 7.6, California, left-lateral strike-slip  
Causative fault: Manyi fault  
Earthquake parameters 
- Surface rupture trace: There has been no detailed field study after the earthquake due to the 
difficulty to access the area. However the surface trace of the earthquake was precisely mapped, 
and the displacements measured, using high quality radar images (arid climate, no clouds; Peltzer et 
al., 1999; Funning et al., 2007). Thus the rupture trace and length are well constrained (length ~165 
km). Q2.  
- Rupture extent within causative fault: The 1997 surface rupture is still clear on high resolution 
satellite images (e.g., Google Earth), and one precise rupture map is available (e.g., Peltzer et al., 
1999). The rupture zone is thus well located within the causative fault. Q1 
- Surface earthquake slip profile: The complete surface slip profile has been precisely measured 
from InSAR data (arid climate, no clouds, thus precise measurements; maximum lateral slip of 6-7 
m, e.g., Peltzer et al., 1999). Q2 
- Earthquake slip profile at depth: We use one source inversion model that has been published on 
the 1997 Manyi earthquake and whose grid data is available. The model uses InSAR data only 
(Funning et al., 2007). The slip profile inferred at depth is similar to that measured at surface, as 
expected from Insar data being used in both cases (Peltzer et al., 1999; Funning et al., 2007). The 
model finds most of slip distributed in the depth range 0-20 km, with a maximum slip of ~7.6 m 
close to the surface, in the eastern part of the rupture.  
- Hypocenter: The hypocenter location is no well constrained. However one robust fact is that the 
earthquake initiated in the central part of the rupture at ~16 km depth (SCARDEC, Vallée et al., 
2011; Global CMT), then it propagated bilaterally both to the east and to the west.  
- Rupture speed: The rupture speed was estimated along the rupture length, and suggested to vary 
from 3-3.2 km/s in the eastern part of the rupture to 3 km/s in its western part (Funning et al., 2014).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: left lateral strike slip, N76°E-trending fault 
Initiation age: unknown, but the Manyi fault is considered to have possibly initiated at about the 
same time than the Kunlun fault (10-34 Ma ago; see 2001 Kunlun earthquake section).  
Length: ~275 km (mainly based on our mapping, see below).  
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Net slip: unknown 
Long-term slip rate: unknown 
Current slip rate: 2.5 ± 2.5 mm/yr, yet not directly measured but inferred from a large-scale 
modeled velocity field (Holt et al., 2007).  
- Mapping of fault trace: Since few and incomplete information was available (Taylor and Yin, 
2009, in Bell et al., 2011), we mapped the entire fault trace and its associated secondary faults 
based on the analysis of Google Earth, Landsat 7 and ASTER GDEM v2 images. The main fault 
and largest secondary fault traces are clear on these images, and therefore our mapping is robust. 
Q2 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Manyi fault would be intermediate.  
- Direction of long-term propagation: Q3 
There is no published data that provides insights on the direction of long-term propagation of the 
Manyi fault. However, based on our fault mapping and available fault maps (Taylor and Yin, 2009, 
in Bell et al., 2011), we find that the Manyi fault splays into multiple oblique branches at both its 
western and eastern tips (connection with the Kunlun fault to the east), forming a fan-shape network 
enlarging in the East and West directions (Supplementary Figure 1). These tip splay networks 
suggest that the Manyi fault has propagated bilaterally towards the East and West during its lifetime 
(Perrin et al., 2016).   
 
 
1967 Mw ~7.0 MUDURNU EARTHQUAKE 
Earthquake: 22/Jul/1967, Mw 7.0, Turkey, right-lateral strike-slip  
Causative fault: North Anatolian fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured on the field, soon after the earthquake (e.g., Ambraseys and Zatopek, 
1969; Barka, 1996). The rupture trace and length are thus robustly constrained (length ~75 km). Q1.  
- Rupture extent within causative fault: The 1967 surface rupture is fairly clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., 
Ambraseys and Zatopek, 1969; Barka, 1996). The rupture zone is thus well located within the 
causative fault. Q1. 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
soon after the earthquake. (Ambraseys and Zatopek, 1969; also compiled in Barka, 1996). Yet the 
measurement density is not very high. The maximum reported lateral coseismic slip at surface is ~2 
m near the eastern tip of the rupture. Q2 
- Hypocenter: The hypocenter location was not well constrained, but a robust fact is that the 
earthquake initiated in the eastern part of the rupture at shallow depth (< ~10 km; Ambraseys and 
Zatopek, 1969), and then propagated mainly to the west.  
 
Causative fault parameters 
See description of the North Anatolian fault in the “1939 Erzincan earthquake” section 
 
 
2005 Mw ~7.6 MUZAFFARABAD EARTHQUAKE 
Earthquake: 08/Oct/2005, Mw 7.6, Pakistan, reverse fault  
Causative fault: Balakot-Bagh fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
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displacements measured both on the field (Kaneda et al., 2008) and from ASTER/InSAR imagery 
(Avouac et al., 2006; Pathier et al., 2006; Yan et al., 2013) soon after the earthquake. The rupture 
trace and length are thus well constrained (~65-70 km). Q1 
- Rupture extent within causative fault: The 2005 surface rupture is still partly clear on high-
resolution satellite images (e.g., Google Earth), while precise rupture maps are available (e.g., 
Kaneda et al., 2008). The rupture zone is thus fairly well located within the causative fault. Q2. 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
(maximum vertical slip of ~7 m, Kaneda et al., 2008) and ASTER images (maximum horizontal 
slip of ~7 m, Avouac et al., 2006). The on-field measured and ASTER-inferred surface slip profiles 
are consistent. We chose to represent in Supplementary Figure S1 the slip profile determined by 
Kaneda et al. (2008) because it provides more accurate measurements than the slip profile measured 
by Avouac et al. (2006) (for the study was based on 15 m resolution ASTER images). Q1 
- Hypocenter: The hypocenter location was not well constrained, but a robust fact is that the 
earthquake initiated near the central part of the rupture at ~12 km (NEIC) to ~26 km (USGS) depth, 
then propagated bilaterally both to the northwest and to the southeast.  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: reverse, ~NW-trending fault 
Initiation age: <1 Ma year ago (Hussain et al., 2009), based on offset sediment deposits (Siwalik 
deposits).  
Length: ~90 km. However the fault trace is unclear near its southeastern tip (Kaneda et al., 2008; 
Hussain et al., 2009).   
Net slip: ~0.12 km of horizontal shortening measured locally in the central part of the fault (Kaneda 
et al., 2008; Hussain et al., 2009).  
Long-term slip rate: ~3 mm/yr of shortening estimated in the central part of the fault (Kondo et al., 
2008; range 1.4-4.1 mm/yr, Hussain et al., 2009 and references therein).  
Current slip rate: not constrained, but several studies measured a current slip rate of ~10 mm/yr 
across the Riassi thrust (Vignon 2011; Jouanne et al., 2014), which is possibly connected to the 
Balakot-Bagh fault (see below).  
- Mapping of fault trace: Several precise fault maps have been published that are consistent (e.g., 
Kaneda et al., 2008; Hussain et al., 2009). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Balakot-Bagh fault is immature.  
- Direction of long-term propagation: Q3 
Fault age and net slip data are presently insufficient to constrain the direction of long-term 
propagation of the Balakot-Bagh fault. However the fault is intercepted to the west by the Main 
Boundary Thrust, which thus likely prevents its northwestward propagation (Supplementary Fig. 
S1). At its southeastern tip, the Balakot-Bagh fault seems to being connecting with the Riassi thrust 
fault (Jayangondaperumal and Thakur, 2008; Kaneda et al., 2008; Hussain et al., 2009; Thakur et 
al., 2010; Jouanne et al., 2014; Supplementary Figure S1). Together these evidences suggest that 
the Balakot Bagh fault has propagated southeastward over the long-term. 
 
 
1915 Mw ~7.0 PLEASANT VALLEY EARTHQUAKE 
Earthquake: 03/Oct/1915, Mw 7.0, Nevada, normal fault  
Causative fault: Pleasant Valley fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
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displacements measured on the field, soon after the earthquake and later (Jones, 1915; Wallace, 
1984; dePolo et al., 1991; Zhang et al., 1999). During the field investigations, no surface trace was 
observed on the northern China Mountain fault section (Jones, 1915), and therefore, we do not 
include the small, likely post-seismic slip that was subsequently measured on this section (dashed 
line in Supplementary Figure S1) (Rupture length ~45 km). Q2 
- Rupture extent within causative fault: The 1915 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (e.g., dePolo 
et al., 1991; Zhang et al., 1999; U.S. Geological Survey and Nevada Bureau of Mines and Geology, 
2006). The rupture zone is thus well located within the causative fault. Q1. 
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
yet long after the earthquake from measurements of well-preserved scarps, while previous 
descriptions made by Jones (1915) were integrated (Wallace, 1984; Zhang et al., 1999). The 
measurements reveal a maximum vertical slip value of ~6 m near the central part of the rupture. Q2  
- Hypocenter: The hypocenter location is not constrained. Yet its most likely position is at the 
northern tip of the rupture at ~9 km depth (e.g., Doser, 1988). If this position is correct, the rupture 
has propagated unilaterally toward the south.  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: normal, ~NNE-trending fault 
Initiation age: unknown. But Ferrill et al. (1999) analyzed the architecture of the Pleasant Valley 
fault zone and deduced that the oldest part of the fault is its central Pearce section. 
Length: ~70 km.  
Net slip: unknown, but a minimum apparent cumulative vertical throw of ~2 km can be measured in 
present topography.  
Long-term slip rate: 0.1-0.2 mm/yr across the Pearce central fault section, based on the 
measurement of a ~8 m cumulative vertical slip whose age is estimated in the range 35-100 ka 
(Anderson and Machette, 2003; Bell et al., 2004).  
Current slip rate: unknown 
- Mapping of fault trace: Several precise fault maps have been published that are consistent (e.g., 
dePolo et al., 1991; Zhang et al., 1999; U.S. Geological Survey and Nevada Bureau of Mines and 
Geology, 2006). Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the Pleasant Valley fault is immature.  
- Direction of long-term propagation: Q1 
The fault seems older in its central part (Ferrill et al., 1999). Anders and Schlische (1994) have 
shown that the net slip decreases from the central part of the fault towards both the north and the 
south. Jackson and Leeder (1994) found similar results from their geomorphological analysis of the 
drainage networks. At its northern and southern tips, the Pleasant Valley fault splays into several 
oblique branches (Supplementary Figure S1), forming a fan-shape network enlarging in the north 
and south directions. Altogether these evidence suggest that the Pleasant Valley fault has 
propagated bilaterally towards the south and the north during its lifetime.   
 
 
1906 Mw ~7.7 SAN FRANCISCO EARTHQUAKE 
Earthquake: 18/Apr/1906, Mw 7.7, California, right-lateral strike-slip  
Causative fault: San Andreas fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been mapped, and the 
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displacements measured both on the field (Lawson, 1908) and from triangulation networks 
(Thatcher et al., 1997), both soon after the earthquake and later. The northern part of the rupture 
(north of Point Arena) occurred offshore, but slip could be well constrained from geodetic 
observations made before and after the earthquake (Thatcher et al., 1997). Furthermore, the very 
northern tip of the rupture was observed on land, at Shelter Cove (Lawson, 1908). The total rupture 
trace is thus well known (rupture length ~475 km). Q1 
- Rupture extent within causative fault: The 1906 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available, including 
offshore (e.g., Lawson 1908; U.S. Geological Survey and California Geological Survey, 2006). The 
rupture zone is thus well located within the causative fault. Q1 
- Surface earthquake slip profile: The surface slip profile has been measured on the field soon after 
the earthquake yet in the southern onland part of the rupture only (maximum lateral slip value of ~6 
m measured near San Francisco; Lawson 1908). By constrast, the coseismic slip could not be 
measured in the northern offshore part of the rupture. However, using triangulation networks, 
Thatcher et al. (1997) inferred that the maximum lateral slip occurred at the northern end of the 
rupture and was at most ~8.6 m. The on-field measured and triangulation-inferred surface slip 
profiles are similar in the southern onland part of the rupture. The complete earthquake surface slip 
profile is well represented by combining the profile measured on the field by Lawson (1908) in the 
southern part of the rupture, and that inferred by Thatcher et al., (1997) in the northern part of the 
rupture (Supplementary Figure S1). Q3 
- Hypocenter: The hypocenter location is poorly constrained, but a robust fact is that the earthquake 
initiated in the central part of the rupture (Bolt, 1968), and then propagated bilaterally to the south 
and the north.  
- Rupture speed: From the review of available seismological data, the rupture speed has been 
recently estimated along the entire rupture length, and shown to have varied from ~2.9 km/s in the 
southern part of the rupture to ~3.9 km/s (supershear rupture velocity) in its northern part (Song et 
al., 2008).  
 
Causative fault parameters 
See description of the San Andreas fault in the “1857 Fort Tejon earthquake” section 
 
 
2008 Mw ~7.9 SICHUAN EARTHQUAKE 
Earthquake: 12/May/2008, Mw 7.9, China, reverse and right-lateral strike-slip  
Causative fault: Beichuan fault (Longmen Shan thrust belt) 
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been mapped, and the 
displacements measured both on the field (Liu Zeng et al., 2009; Xu et al., 2009; Zhang et al., 2010; 
Lin et al., 2009, 2010, 2012) and from radar imagery (Hashimoto et al., 2009; Kobayashi et al., 
2009; Shen et al., 2009; Chini et al., 2010; Feng et al., 2010; deMichele et al., 2010a, 2010b; Tong 
et al., 2010; Wang et al., 2011; Zhang et al., 2011; Fielding et al., 2013) soon after the earthquake. 
The rupture trace and length are thus well constrained (~280 km) Q1.  
- Rupture extent within causative fault: The 2008 surface rupture is not clear on satellite images 
(e.g., Google Earth, Landsat 7), but several precise rupture maps are available (e.g., Liu Zeng et al., 
2009; Lin et al., 2009, 2010, 2012). The rupture zone is thus well located within the causative fault. 
Q1 
- Surface earthquake slip profile: The surface slip profile has been measured by various authors, on 
the field, soon after the earthquake. We have represented the envelope curves derived from the 
numerous available measurements, distinguishing the vertical and horizontal components 
(Supplementary Figure S1 and references therein). Maximum vertical slips of 6-6.5 m and ~3.5 m 
were measured in the southern part of the rupture on the Beichuan and Pengguan faults, 
respectively. A maximum lateral slip of ~4 m was also measured in the northern part of the rupture 
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(Beichuan fault). Note that we chose to ignore the large vertical slip of 8-11 m suggested at 
Beichuan (city situated in the central part of the rupture) by Liu Zeng et al. (2009) and Zhang et al. 
(2010), because this large value is local and departing from all other slip measures, including 
geodetic estimates (e.g., de Michele et al., 2010). Therefore, this large value is likely an outlier 
resulting from gravity sliding (Aiming Lin, personal communication, 2013). We have calculated the 
net surface slip profile by using the fault dips provided by Jia et al. (2010). The largest net slip is 
10-12 m. Q1 
- Earthquake slip profile at depth: We use one source inversion model that has been published on 
the 2008 Sichuan earthquake and whose grid data is available (Fielding et al., 2013). The model 
uses GPS, InSAR and teleseismic data. The model finds most of the slip distributed in the depth 
range 0-20 km, with a maximum slip of 16 m in the southern part of the rupture. The slip profiles 
inferred at depth and measured at the surface are similar.  
- Hypocenter: The hypocenter location is well constrained, and shows that the earthquake initiated 
at the southern tip of the rupture at ~17 km depth (An et al., 2010); it then propagated unilaterally to 
the north.  
- Rupture speed: The rupture speed was estimated along the rupture length, and found to vary from 
2.5-3 km/s in the northern part of the rupture to 3-3.2 km/s in its southern part (Wen et al., 2012; 
Zhang et al., 2012).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: reverse and right lateral strike slip, N50°E-trending fault 
Initiation age: The Longmen Shan fault system is supposed to have reactivated 5-12 Ma ago (during 
the India-Asia collision) an ancient suture inherited from the Triassic Indosinian orogeny (e.g., 
Burchfiel et al., 1995; Kirby et al., 2002).  
Length: ~380 km  
Net slip: ~20 km accumulated since the Cenozoic, estimated in the southern part of the fault from 
calculations based on slip rates, denudation rates and topographic relief (Burchfiel et al., 2008). 
This value was recently validated from P-T paths of metamorphic rocks (Airaghi et al., 2015).  
Long-term slip rate: < 1.1 mm/yr (reverse component) and <1.5 mm/yr (strike-slip component) over 
the Cenozoic, based on deformed geomorphic markers across the southern part of the Longmen 
Shan fault system (Zhou et al., 2007). The long-term slip rate of the Beichuan fault is inferred to be 
very low.  
Current slip rate: the compression rate across the Longmen Shan fault system is < 3 mm/yr and the 
current vertical slip rate on the fault system is considered to be very low (< 1 mm/yr; King et al., 
1997; Chen et al., 2000, Shen et al., 2005, Gan et al., 2007; Burchfiel et al., 2008, Zhang et al., 
2008).  
- Mapping of fault trace: Several precise fault maps have been published along the entire Longmen 
Shan fault system (e.g., Burchfiel et al., 1995; Shen et al., 2009; Jin et al., 2010), which are 
consistent. Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Beichuan fault would be intermediate.  
- Direction of long-term propagation: Q1 
Several studies have shown that the net slip on the Beichuan fault decreases progressively from 
southwest to northeast (Burchfiel et al., 2008; Zhang et al., 2011; Airaghi et al., 2015). At its 
southwestern tip, the Beichuan fault is surrounded by a dense network of secondary reverse faults 
but those were likely formed long ago (e.g, Burchfiel et al., 1995). The Beichuan fault actually 
terminates abruptly against a zone of sub-perpendicular thrust faults (in grey in Supplementary 
Figure S1). At its northeastern tip, the Beichuan fault splays into several oblique branches whose 
morphological signature suggests they are recent (Supplementary Figure S1), although their 
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absolute age is unknown (Burchfiel et al., 1995). Altogether these evidence suggest that the 
Beichuan fault has propagated from southwest to northeast during its lifetime.   
 
 
1987 Mw ~6.6 SUPERSTITION HILLS EARTHQUAKE 
Earthquake: 24/Nov/1987, Mw 6.6, California, right-lateral strike-slip  
Causative fault: San Jacinto fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been precisely mapped, and the 
displacements measured on the field, soon after the earthquake (Sharp et al., 1989; Williams and 
Magistrale 1989). The rupture trace and length are thus robustly constrained (length ~27 km). Q1.  
- Rupture extent within causative fault: The 1987 surface rupture is still clear on high-resolution 
satellite images (e.g., Google Earth), while several precise rupture maps are available (Sharp et al., 
1989; U.S. Geological Survey and California Geological Survey, 2006). The rupture zone is thus 
well located within the causative fault. Q1.  
- Surface earthquake slip profile: The complete surface slip profile has been measured on the field 
soon after the earthquake (Sharp et al., 1989; Williams and Magistrale 1989). The different 
available surface slip profiles are similar. They suggest a maximum lateral slip of ~0.5 m in the 
central part of the rupture (Sharp et al., 1989; Williams and Magistrale 1989). We chose to 
represent in Supplementary Figure S1 the slip profile determined by Sharp et al. (1989) because it 
provides more measurements along the rupture. Q1 
- Earthquake slip profile at depth: We use one source inversion model that has been published on 
the 1987 Superstition Hills earthquake and whose grid data are available (Wald et al., 1990). The 
model is based on a few strong motions data only, and therefore is not well constrained. As a matter 
of fact, the modeled rupture length is shorter (~20 km) than observed at surface. A maximum 
displacement of ~4 m is inferred at depth (at 8-9 km depth), yet in the northwestern part of the 
rupture, whereas maximum slip was observed at surface in its central part. This likely confirms that 
the model is not fully correct.  
- Hypocenter: The hypocenter location was fairly well constrained. It shows that the earthquake 
initiated at the northwestern tip of the rupture at ~13 km depth (refine earthquake catalog from 
Hauksson et al., 2012), and then propagated to the southeast. The main shock might have been 
triggered by the Elmore Ranch earthquake which occurred 12 hours before (Hudnut et al., 1989).  
 
Causative fault parameters 
See description of the San Jacinto fault in the “1968 Borrego Mountain earthquake” section. 
 
 
2010 Mw ~7.1 YUSHU EARTHQUAKE 
Earthquake: 13/Apr/2010, Mw 7.1, China, left-lateral strike-slip  
Causative fault: Garze-Yushu fault  
Earthquake parameters 
- Surface rupture trace: The surface trace of the earthquake has been mapped, and the 
displacements measured on the field (Chen et al., 2010; Lin et al., 2011; Li et al., 2012), from 
optical satellite imagery (Li et al., 2012) and from InSAR data (Zhang et al., 2010; Li et al., 2011; 
Liu et al., 2011; Tobita et al., 2011; Qu et al., 2012; Zhang et al., 2013), soon after the earthquake. 
However, because part of the rupture did not reach the surface, the rupture trace and length are 
debated. Recently, the field studies of Li et al. (2012) provided new surface measurements in the 
northwestern part of the rupture which allow to better constrain the rupture length, and find it in fair 
agreement with prior InSAR data (rupture length ~75 km). Q2.  
- Rupture extent within causative fault: The 2010 surface rupture is clear on high-resolution satellite 
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images (e.g., Google Earth), while several precise rupture maps are available (e.g., Lin et al., 2011; 
Li et al., 2012). The rupture zone is thus well located within the causative fault. Q1 
- Surface earthquake slip profile: The surface slip profile has been measured on the field soon after 
the earthquake but measurements are incomplete in the central part of the rupture (Supplementary 
Figure S1). The maximum lateral slip was measured in the southeastern part of the rupture, where it 
varies depending on authors, between ~1.8 m (Chen et al., 2010; Zhang et al., 2010; Li et al., 2012) 
and ~3.2 m (Lin et al., 2011). The lower estimate is in better agreement with the slip values inferred 
from InSAR data and modeling (~1.3 m from Liu et al., 2011 (yet noisy correlation in the 
northwest), ~1.5 m from Li et al., 2011, ~1.9 m from Tobita et al., 2011, and ~2.2 m from Zhang et 
al., 2013). Thus the surface slip profile is not fully constrained. Q3 
- Earthquake slip profile at depth: We use one source inversion model that has been published on 
the 2010 Yushu earthquake and whose grid data is available. The model uses InSAR data (ASAR 
and PALSAR) and also teleseismic data and SPOT 5 images to constrain the slip distribution and 
the fault segmentation at surface (Li et al., 2012). The model finds most of slip distributed in the 
depth range 0-20 km, with a maximum lateral slip of 1.5 m. This value is lower than the maximum 
slip measured at surface, what suggests that the model is not fully constrained. However the slip 
profile inferred at depth is similar to that measured at the surface.  
- Hypocenter: The hypocenter location is well constrained, and shows that the earthquake initiated 
in the northwestern part of the rupture at ~13 km depth (relocated by Wang et al., 2013), then 
propagated mainly toward the southeast.   
- Rupture speed: The rupture speeds was estimated along the rupture length, and found to vary from 
1.6-2.5 km/s in the northern part of the rupture to 4-5 km/s (supershear rupture velocity) in its 
southern part (Zhang et al., 2010; Wang and Mori, 2012).  
 
Causative fault parameters 
- General parameters 
Slip mode and strike: left lateral strike slip, N120°E-trending fault 
Initiation age: ~13 Ma ago (e.g., Tapponnier et al., 2001) based on K/Ar and apatite fission-track 
ages of offset geological features in the southeastern part of the Garze-Yushu fault (Wang et al., 
2009).  
Length: ~450 km  
Net slip: ~ 80 km, based on the lateral offset of a granitic pluton in the southeastern part of the 
Garze-Yushu fault (Wang and Burchfiel 2000; Wang et al., 2009).  
Long-term slip rate: 9-12 mm/yr (over the Quaternary) measured in central and southeastern parts 
of the Garze-Yushu Fault (Wen et al., 2003; Zhou et al. 2013) and 15 ± 5mm/yr on the Xianshui He 
Fault further south (Allen et al., 1991).  
Current slip rate: ~20 mm/yr (e.g., Meade 2007) yet poorly constrained for it is inferred from a 
large-scale block model of the India-Asia collision zone (Geodetic data).  
- Mapping of fault trace: Several precise fault maps have been done (e.g., Wen et al., 2003, Wang 
et al., 2008), which are consistent. Q1 
- Degree of overall structural maturity: in the classification proposed by Manighetti et al. (2007), 
the structural maturity of the Garze-Yushu fault would be intermediate.  
- Direction of long-term propagation: Q1 
Wang et al., (2008) have shown that the net lateral slip on the Garze-Yushu fault decreases from 
southeast to northwest, and that faulting is younger in the northwest part of the fault; the oldest age 
of the fault was found in its southern part. At its southwestern tip, the Garze-Yushu fault terminates 
in a large step-over with the Xianshui He fault. At its northwestern tip, the Garze-Yushu fault 
splays into several oblique branches (Supplementary Figure S1), forming a fan shape enlarging in 
the northwest direction. Altogether these evidence show that the Garze-Yushu fault has propagated 
from southeast to northwest during its lifetime.   
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<Supplementary Figure S1>: Uploaded separately because larger than one page  
 
Supplementary Figure S1: All earthquakes analyzed in this study. The figures emphasize the 
relations between surface rupture traces, surface slip-length profiles, architecture and direction 
of long-term propagation of causative faults (most fault maps are taken from the compilation by 
Perrin et al., 2016; all data are described in Document S1 and compiled in Table S1). For each 
earthquake, the causative fault and off-fault splays and associated secondary faults are shown in 
black (unless ruptured), the rupture surface trace in red, the zone of largest coseismic surface 
slips (≥ 80% of maximum slip; indicated with horizontal dotted line in slip profiles) in green, the 
hypocenter (H) as a red square with a 5 km uncertainty, and rupture speeds indicated in red 
where available along the ruptures. Blue rectangles locate zooms that are shown for some 
earthquakes. Slip mode and overall structural maturity of causative faults are indicated (see 
Table S1). References for surface slip profiles and maps are cited; references for direction of long-
term propagation are in Document S1 and Table S1.  
 
 
< Supplementary Figure S2>: Uploaded separately because larger than one page  
 
Supplementary Figure S2: All earthquakes analyzed in this study for which finite source 
inversion models are available. The figures are done as in Figure S1. However, the slip-length 
profiles are here derived at depth from source inversion models (references indicated; models 
described in Document S1). They depict the maximum slip values along the rupture length. 
Because subsurface slip models are less precise than surface measurements, we define the 
largest slips as those ≥90% of the maximum slip value. Blue rectangles locate zooms that are 
shown for some earthquakes. 
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Supplementary Figure S3: Same as Fig. 2 but largest surface slips are here taken to be ≥70% of 
the maximum surface slip value. Superposition of dark green and pale green symbols indicates 
largest best-constrained slips in dark green, and local peaks of large slip in pale green (see Fig. 
S1). 
 
 
 
 
 

 
 
Supplementary Figure S4: Same as Fig. 2 but for slip derived at depth from source inversion 
models (Fig. S2). As in Fig. S2, we define the largest slips as those ≥90% of the maximum slip 
value. Additional comments on the model data can be found in Document S1. 
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Supplementary Figure S5: Relations between earthquake slip asymmetry and fault 
propagation for earthquakes distinguished by slip mode and by location on mature or immature 
sections of causative faults. Slip profiles are those measured at the surface. All have been 
oriented so as that the direction of long-term fault propagation is to the right. (a) Earthquakes 
on strike-slip faults, (b) Earthquakes on dip-slip faults. The relationship between earthquake slip 
asymmetry and direction of fault propagation is observed independent of the slip mode, (c) 
Earthquakes that broke a mature section of their causative fault (Denali, Erzincan, San Francisco, 
Muzaffarabad, Hebgen Lake, Fuyun). Note that for the Denali earthquake, we consider only the 
rupture of the main Denali fault, (d) Earthquakes that broke an immature section of their 
causative fault (Borrego Mountain, El Mayor Cucapah, Fort Tejon, Hector Mine, Imperial Valley 
1979, Izmit, Mudurnu, Superstition Hills, Yushu). Note that for the Izmit earthquake, we consider 
only the rupture of the main fault whose maturity is described. The degree of asymmetry is on 
average 85% for earthquakes having ruptured mature fault sections, and 65% for earthquakes 
having ruptured immature fault sections (see apex of yellow average curves). 
 

(c) Rupture on mature fault sections (d) Rupture on immature fault sections

(a) Strike slip ruptures (67%) (b) Dip slip ruptures (33%)
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Supplementary Figure S6: Along-strike evolution of off-fault damage, fault segmentation and 
fault planarity with increasing maturity along fault strike, for a dip-slip (normal) fault. The figure 
is similar to that for a strike-slip fault (Fig. 7) because the properties that are described are mainly 
related to the lateral fault lengthening. A significant difference is the smoothing effect of 
increasing slip on fault roughness: because slip is parallel to fault inter-segments on dip-slip 
faults, roughness may be more persistent than in a strike-slip fault on which each slip event 
propagates through some of its inter-segments. Furthermore, because dip-slip ruptures 
generally propagate from crustal depth to surface, the fault plane roughness might also differ 
along the fault dip, being greater in the shallowest fault parts. 
 
 
 
 
<Supplementary Table S1>: Uploaded separately because larger than one page 

Supplementary Table S1: Principal characteristics of the earthquakes analyzed and of their 
causative faults. The various parameters are described in more details in Document S1. SS for 
strike-slip (LL left-lateral, RL right-lateral), N for normal, RE for reverse; LT for long-term slip rate 
and C for current, geodetic slip rate. Overall structural maturity of causative faults is derived from 
classifications by Manighetti et al. (2007). Number of major segments along faults is derived 
from the literature (references indicated). References listed in Table can be found in Document 
S1.  
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Supplementary Table S2: Relative qualities attributed to the principal earthquake 
and fault parameters described in detail in Document S1. 

 
 Earthquake parameters Fault parameters 
 
 

Earthquake 

 
Surface 
rupture 

trace 

Rupture 
extent 
within 

causative 
fault 

 
Earthquake 
slip profile 
at surface 

 
Mapping of 
fault trace 

 
Direction of 
long-term 

propagation 

Bogd 1957 1 1 1 1 2 
Borah Peak 1983 1 1 1 1 1 

Borrego Mountains 1968 2 1 2 1 1 
ChiChi 1999 1 1 1 1 2 
Denali 2002 1 1 1 1 1 

Dixie Valley 1954 1 1 1 1 1 
El Asnam 1980 1 1 2 1 2 

El Mayor Cucapah 2010 2 2 2 1 1 
Erzincan 1939 1 1 2 1 1 

Fairview Peak 1954 2 1 2 1 3 
Fort Tejon 1857 1 1 2 1 1 

Fuyun 1931 2 1 2 2 3 
Hebgen Lake 1959 1 1 2 2 3 
Hector Mine 1999 1 1 1 1 1 

Imperial Valley 1940 1 1 2 1 3 
Imperial Valley 1979 2 2 2 1 3 

Izmit 1999 2 2 1 1 1 
Kunlun 2001 1 1 1 1 1 
Landers 1992 2 1 1 1 1 
Manyi 1997 2 1 2 2 3 

Mudurnu 1967 1 1 2 1 1 
Muzaffarabad 2005 1 2 1 1 3 

Pleasant Valley 1915 2 1 2 1 1 
San Francisco 1906* 1 1 3 1 1 

Sichuan 2008 1 1 1 1 1 
Superstition Hills 1987 1 1 1 1 1 

Yushu 2010 2 1 3 1 1 

Supplementary Table S2: Relative qualities attributed to the principal earthquake and fault 
parameters described in detail in Document S1. Qualities are defined by criteria provided in 
Document S1, and provide a general view of the robustness of the analyzed data. Quality 1, 2 
and 3 for high, fair and low quality, respectively. Asterisk for San Francisco earthquake indicates 
that its causative Northern San Andreas fault has not grown as the other faults (see Document 
S1 and text). 
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Supplementary Table S3: Rupture width and depth of largest coseismic slip, derived from the available finite source inversion models 
for 13 of the analyzed earthquakes 

 
 

Earthquake 
Borah 
Peak 
1983 

ChiChi 
1999 

Denali 
2002 

El Mayor 
Cucapah 

2010 

Hector 
Mine 
1999 

Imperial 
Valley 
1979 

Izmit 
1999 

Kunlun 
2001 

 

Landers 
1992 

 

Manyi 
1997 

 

Sichuan 
2008 

 

Superstition 
Hills 1987 

 

Yushu 
2010 

 

Mean 
value 

Rupture 
width (km) 

~25 ~40 ~30 ~18 ~20 ~12 ~20 ~20 ~15 ~20 ~28 ~12 ~20 ~22 

Depth of 
largest 

coseismic 
slip (km) 

~18 ~6 ~8 ~4 2-6 ~7 ~5 ~3 ~5 ~2 ~8 ~8 ~4 ~6 

 
Principal 
references 

Mendoza 
and 

Hartzell, 
1988 

Ma et al., 
2001 

Oglesby 
et al., 
2004 

Wei et al., 
2011 

Kaverina 
et al., 
2002 

Hartzell 
and 

Heaton, 
1983 

Delouis 
et al., 
2002 

Lasserre 
et al., 
2005 

Wald and 
Heaton, 

1994 

Funning 
et al., 
2007 

Fielding 
et al., 
2013 

Wald et al., 
1990 

Li et 
al., 

2012 

 

 
 
 

Supplementary Table S3: Rupture width and depth of largest coseismic slip, derived from the available finite source inversion models for 
13 of the analyzed earthquakes. Detailed descriptions of the inversion models and their references can be found in Document S1. 
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Supplementary Table S4: Rupture speeds and ranges estimated for 12 of the analyzed earthquakes 

 
Supplementary Table S4: Rupture speeds and ranges estimated for 12 of the analyzed earthquakes. We discriminate the rupture speeds along the most 
mature and along the most immature halves of the ruptures (maturity defined from direction of long-term propagation of causative fault; see text). All 
ruptures (but possibly the 1979 Imperial Valley; yet its rupture speed is not well constrained) have propagated faster, sometimes with supershear speed, along 
the most mature part of the ruptures. Rupture speeds are presented in Fig.5. 

Earthquake  Chichi 
1999 

Denali 2002 El Mayor 
Cucapah 

2010 

Hector 
Mine 
1999 

Imperial 
Valley 1979 

Izmit 
1999 

Kunlun 
2001 

Landers 
1992 

Manyi 
1997 

San 
Francisco 

1906 

Sichuan 
2008 

Yushu 
2010 

Rupture speed 
in most 
immature half 
of rupture 
(km/s) 

~2.5 3.3 1 ? 1.8 ~2 to 7-8.8 
(supershear) 

3 2.6-3.3 ~2.5-3.6 < 3 2.9 2.5-3 1.6-2.5 

Rupture speed 
in most mature 
half of rupture 
(km/s) 

~2.5 5-5.5 
(super 
shear) 

3 ? 2.2-2.8 2.5-2.9 4.8-5.8 
(super 
shear) 

5-6.7 
(super 
shear) 

~4 
(super 
shear) 

3-3.2 3.9 
(super 
shear) 

3-3.4 4-5 
(super 
shear) 

 
Additional 
information 
 
 

Faster slip 
velocity in 

most 
mature half 

   Three similar 
peak slip rates 
along rupture 

length 
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Supplementary Table S5: Available measurements of seismic velocity reduction and of compliance along six of the analyzed faults  

 
 

 
Fault  

Northern San Andreas fault 
(southward decrease in maturity) 

 

San Jacinto 
fault 

(southward 
decrease in 
maturity) 

Elsinore 
fault 

(southward 
decrease in 
maturity) 

North Anatolian 
fault 

(westward 
decrease in 
maturity) 

Garze-Yushu 
fault 

(northwestward 
decrease in 
maturity) 

Longmen Shan fault 
system 

(northward decrease 
in maturity) Northern part of 

SA (around 
38°30’) 

Region due north 
of central 

creeping zone 
Seismic velocity 

(or rigidity) 
reduction off 
most mature 

fault half  

50-60% 
of rigidity 
reduction 

35-50% 
(reduction in Vp) 

~40 % 
(3-6 km large, fairly 

continuous, Vs 
anomaly north of 
Hot Springs inter-
segment, from at 
least 2 to 8 km 

depth) 

25-40 % 
(several km large, 

continuous, Vs 
anomaly between 

118° and 
118°30’W, from 1 

to 7 km depth) 
 

~22%  
(~100 km large, 
continuous, Vs 

anomaly between 
~34 an 39°E, over 

20 km depth) 
 

--- ~10% 
(broad zone of low 
Vp and Vs velocity,  

of crustal scale) 

Seismic velocity 
(or rigidity) 

reduction off 
most immature 

fault half 

-- ~20% 
(reduction in Vp) 

< ~27% 
(few km large, 

discontinuous, Vs 
anomaly off Anza 
segment, from at 
least 2 to 8 km 

depth) 
 

No clear anomaly, 
but local reductions 

of Vs 
< 20% 

No clear 
anomaly in 

Fichtner et al., 
2013 

< 3-6% Vp 
velocity contrast 
found in more 
detailed recent 

studies 

1-8% 
(reduction in Vp) 

No clear anomaly 
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Allam and Ben-
Zion, 2012 (Figs. 4 
to 7); Allam et al., 
2014 (Figs. 5 and 
7); Zigone et al., 
2015 (Fig. 12 and 

13) 

 
Zigone et al., 2015 

(Fig. 12 and 13) 

Fichtner et al., 
2013 (Fig. 6a); 

Bulut et al., 2012; 
Najdahmadi et al., 

2016 

Yang et al., 2015 Lei and Zhao, 2009 
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