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Supplementary Text S1:

Table S1 lists the slip rate estimates used in construction of Fig. 2a, mainly from Oskin et al. (2008).

These are based on measured displacement of geologically young features, mainly Pleistocene alluvial fans,

combined with surface exposure age dating. The Bristol-Granite Mountain Fault Zone is believed to be

inactive (current slip rate = 0) (e.g., Bedford et al., 2006; Lease et al., 2009). For the Calico fault, we also

list preliminary data from Xie et al. (2018). These newer data confirm the findings in Oskin et al. (2008)

that the Calico fault currently has the fastest slip rate among ECSZ faults. Uncertainty estimates are also

listed. In general, rate estimates based on larger offsets tend to be more reliable, as they integrate over more

earthquake cycles.

Table S2 lists the cumulative offset data used in construction of Fig. 2b, from various published sources.

In some cases, later authors used the same offset feature as earlier authors, but improved the precision of

the offset estimate or provided uncertainty estimates. For simplicity, we focus on later published sources,

using those published during or after the year 2000.

2



Table S1: Slip rates for major ECSZ faults in south and central Mojave Desert∗

Fault name Offset (m) Rate (mm/yr) Reference

Helendale ≤45 ≤0.8±0.3 Oskin et al. (2008)

Lenwood 29±5 0.8±0.2 Oskin et al. (2008)

Camp Rock ≤70 ≤1.4±0.6 Oskin et al. (2008)

Calico 100±10 1.8±0.3 Oskin et al. (2008)

1110±110 3.2±0.4 Xie et al. (2018)

Pisgah 725±85 1.0±0.2 Oskin et al. (2008)

Ludlow 19±4 ≤0.4±0.2 Oskin et al. (2008)

Bristol-Granite Mountain Fault Zone na 0 Bedford et al. (2006)

∗ Published values, 2000 and later; na=not applicable.
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Table S2: Cumulative offset for major ECSZ Faults in south and central Mojave Desert∗

Fault name Offset (km) Offset marker Reference

Helendale 3.5 Magnetic anomaly Jachens et al. (2002)

3.2±0.2 Pluton, earlier Tertiary or older Andrew and Walker (2017)

Lenwood 2.5 Magnetic anomaly Jachens et al. (2002)

1.0±0.2 Basalt flow, 7.3 Ma Andrew and Walker (2017)

Camp Rock 4.1 Magnetic anomaly Jachens et al. (2002)

3.75 Plutonic contact, earlier Tertiary or older Andrew and Walker (2017)

Calico 9.78±0.14 Silver Bell fault (Miocene) + drag fold Glazner et al. (2000); Oskin et al. (2007)

Pisgah 6.3 Magnetic anomaly Jachens et al. (2002)

Ludlow 12 Magnetic anomaly Jachens et al. (2002)

Bristol-Granite Mountain Fault Zone 27 Cenozoic reconstruction McQuarrie and Wernicke (2005)

24 (min) Tertiary paleovalley Lease et al. (2009)

∗ Published values, 2000 and later.
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Figure S1: Map (a) and fault orientation (b) for major faults discussed in this study, annotated to show how distances between

faults are assigned in Fig. 2 of the main paper. (a) Fault traces south of Barstow for the seven major faults comprising the

ECSZ are highlighted with yellow, green lines indicate average strike used to estimate orientation (Fig. S1b). Dashed yellow

line represents inferred fault trace of the Bristol-Granite Mountains Fault Zone (Lease et al., 2009). Strike of the Bristol-

Granite Mountains Fault Zone based on digitized fault trace of the South Bristol fault. Red triangles represent locations of

late Quaternary fault slip rate estimates used in this study (Oskin et al., 2008). Blue circles mark locations where total offsets

were estimated (Miller and Morton, 1980; Dokka, 1983; Glazner et al., 2000; Jachens et al., 2002; Oskin et al., 2007; Lease et

al., 2009; Andrew and Walker, 2017). Dashed pink lines are predicted direction of Pacific-North America plate motion (DeMets

and Merkouriev, 2016) at the various fault locations. Solid pink bar shows mean plate motion direction at the Coachella section

of the San Andreas fault. Solid grey bar marks the strike of the San Andreas fault, Mojave section. (to be continued)
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Figure S1: (continue) Dashed blue line is a best fitting line to the locations of the seven offset estimates, parallel to the

Mojave SAF direction, assumed to be the direction of block motion. Fault distance is calculated along the dashed blue line but

projected onto the normal to Pacific-North America plate motion direction. Present location of the Helendale fault is chosen

as the arbitrary start point (distance = 0). Possible northern continuations for the westernmost 4 faults north of Barstow

are highlighted with dark green, and dark brown lines are the best fitting lines to them. Beach balls mark the 1992 Mw 7.3

Landers earthquake and the 1999 Mw 7.1 Hector Mine earthquake. Fault database from U.S. Geological Survey and California

Geological Survey (2006). Fault name abbreviations are: Mojave SAF – Mojave section of the San Andreas fault; Coachella

SAF – Coachella section of the San Andreas fault; GF – Garlock fault; HF – Helendale fault; LF – Lenwood fault; CRF –

Camp Rock fault; CF – Calico fault; BF – Blackwater fault; PF – Pisgah fault; LuF – Ludlow fault; BGMFZ – Bristol-Granite

Mountains fault zone. (b) Green lines show strikes of best fitting lines (green lines in Fig. S1a) to the mapped fault traces in

(yellow lines in Fig. S1a). Dashed line shows mean Pacific-North America plate motion direction. Solid grey line shows the

strike of the Mojave section of the San Andreas fault. Thick solid lines (blue, cyan, orange, and pink) represent strike of the

northern extension, corresponding to faults marked with the same color. Except for the westernmost Helendale fault, all other

faults have rotated counter-clockwise as they approach the Garlock fault.
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Figure S2: Fault slip distribution represented as a piecewise function. Squares show present fault geological slip rates (scaled by

assuming 40% off-fault deformation accommodated on major faults), corresponding to fault names in the legend with the same

color. Black lines show piecewise function at present. Dashed lines show scaled piecewise functions at 1, 3 and 5 Ma. Colored

dots represent active faults at corresponding times. Distance is calculated normal to Pacific-North America plate motion, from

west to east, starting at the present location of the Helendale fault.
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Figure S3: Fault slip rate from model reconstruction relative to a common beginning point .
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Figure S4: (a) Elevation map of the study area. Data from the SRTM DEM, downloaded from the USGS EarthExplorer

(https://earthexplorer.usgs.gov/). (b) Elevation profile along the red line marked in (a).
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Figure S5: (a) Isostatic gravity anomaly map of the study area (Kucks, 1999). Dashed purple line outlines the isostatic gravity

anomaly low immediately east of the intersection of the Garlock and San Andreas faults. (b) Gravity anomaly profile along

the red line marked in (a). (c) Gravity anomaly profile along the white line marked in (a). (d, e) Basin formation due to

extension on a listric normal fault. In (e), horizontal extension x occurs due to extension on a listric normal fault that flattens

into a horizontal decollement at depth y. (f) 2-D gravity model of a basin with a triangular cross section, approximating the

basin sketched in (e). Black dots are detrended gravity anomaly for profile c shown in (c), red curve shows predicted gravity

anomaly based on Talwani model (Talwani et al., 1959), assuming a density contrast of 100 kg m−3. (g) Modeled basin from

(f), using a different density contrast, which changes the maximum depth of the basin.
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Figure S6: Focal mechanism of earthquakes in the study area, with Mw>1 (Jan 2000 – Sep 2016). Beach balls with red/blue/grey

colors represents normal/reverse/strike-slip fault earthquakes. In (a), green arrows mark several normal earthquakes immedi-

ately east of the intersection of the Garlock and San Andreas faults. (b) is an enlargement of the area within the yellow box in

(a). Dashed purple line outlines the same area of isostatic gravity anomaly low as in Fig. S5a. Data catalog from Yang et al.

(2012) and Hauksson et al. (2012).

11



Figure S7: Fault map of central and east Iran. Beach ball marks the 2003 Mw 6.6 Bam earthquake. Fault names are based on

Berberian (2005): DF – Doruneh fault; JF – Jang Al fault; DeF – Dehshir fault; AF – Anar fault; KF – Kuh Banan fault; ENF

– East Neh fault; WNF – West Neh fault; KaF – Kahurak fault; NoF – Nosratabad fault. White box in the insert outlines the

map extent of the main figure. Fault database from USGS (downloaded from https://catalog.data.gov/dataset/major-faults-

in-iran-flt2cg on April 17, 2018).
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