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Supplementary Methods
Data Compilation

We compiled 35 offset measurement datasets from 31 studies of 23 strike-slip faults
published in peer-reviewed journals with evidence of multiple strike-slip earthquakes (Figures 1,
S1; Table S1) (Lindvall et al., 1989; McGill and Sieh, 1991; Kondo et al., 2005; Mason and
Little, 2006; Zielke et al., 2010, 2012; Klinger et al., 2011; Rizza et al., 2011; Li et al., 2012,
2017; Salisbury et al., 2012; De Pascale et al., 2014; Manighetti et al., 2015, 2020; Elliott et al.,
2015; Ansberque et al., 2016; Ren et al., 2016; Haddon et al., 2016; Jiang et al., 2017; Han et al.,
2019; Kurtz et al., 2018; Chen et al., 2018; Han et al., 2018; Guo et al., 2019; Kang et al., 2020;
Bi et al., 2020; Ou et al., 2020; Xiong and Li, 2020; Benjelloun et al., 2021; Zinke et al., 2021;
Emre et al., 2021). The compilation is available in Reitman et al., (2022). To ensure we are
comparing similar types of data, we excluded three studies (Kondo et al., 2005; Mason and
Little, 2006; Emre et al., 2021) from the analysis because the datasets are primarily most recent
earthquake (MRE) offsets with <10 cumulative offset measurements. We excluded one study
(Chen et al., 2018) because the offsets are a combination of creep and seismogenic slip. We
excluded the Superstition Hills fault study (Lindvall et al., 1989) because mean and maximum
MRE offset are 0.6 and 0.8 m, respectively, below the resolution of remote sensing methods.
Finally, we exclude one study (Xiong and Li, 2020) that covered 2 km of a longer fault, resulting
in an order of magnitude greater data density than the other datasets, and the Alpine fault, which
has 20 measurements along the 350-km fault length (De Pascale et al., 2014), resulting in one
order of magnitude lower data density than the other datasets.

After filtering, the compilation contains 28 offset measurement datasets from 24 studies
on 19 strike-slip faults. The faults and fault sections in the filtered compilation are estimated to
rupture in My, >6.9-8.1 earthquakes with 11-350 km of fault length investigated in the source



study and 53-1800 offset measurements. Slip rate ranges from 0.3-34.0 mm/yr. Approximately
25% of the datasets were collected in the field, 50% via remote methods, and 25% with a mix of
field and remote methods.

Mean annual precipitation (MAP) and monthly precipitation variability (MAP CV) data
for one location for each fault were taken from the WorldClim2 dataset (Fick and Hijmans,
2017) gridded at ~20 km spacing and averaged over 1970-2000 (Figure 1). The location was
chosen as either the epicenter of the most recent earthquake or the approximate center of the
offset measurements along the fault (Table S1). Precipitation is reported in cm/yr derived from
monthly precipitation data. Precipitation variability is the coefficient of variation (standard
deviation/mean, CV) of monthly precipitation. Higher values indicate more variable precipitation
rates throughout a year (intra-annual). We consider <25 cm/yr MAP as arid (with <10 cm/yr
MAP as extremely arid), 25-50 cm/yr as semi-arid, and >50 cm/yr as wet (with >100 cm/yr as
extremely wet) (Holzapfel, 2008).

Comparing global datasets for faults with complex tectonic and climatic settings and
histories requires simplifications. We are limited in latitude by where studies have been
conducted, cannot include lithologic information because it is not widely available, and choose a
single representative location for the fault’s precipitation rate. Despite these limitations, we can
assess correlations and draw new inferences because we treat all the datasets, which were
collected with different intentions by various investigators, with the same processing and
analysis.

Calculation of b Values

For each dataset, we plot the offset measurements, reported uncertainties, and locations
along the fault if available, and calculate a cumulative offset probability density (COPD) curve
(McGill and Sieh, 1991; Zielke et al., 2010; Klinger et al., 2011) and a histogram of all offset
measurements (Figure 2; see pages 15-50 for plots for all faults). We clipped the long tails of the
offset measurement datasets following the original study or when they become very sparse to
ensure dataset compatibility (see pages 51-86 for clipped and unclipped datasets). To ensure
consistency across datasets and avoid subjective decision making, we use algorithms with the
same parameters to automatically select peaks (Scipy’s signal library with the “find_peaks”
function) (Virtanen et al., 2020) from the COPD and assign histogram bins (Matplotlib’s pyplot
library with the “histogram” function) (Hunter, 2007). To find the exponential decay parameter,
b, for each dataset, we fit exponential decay curves (Scipy’s optimize library with the “curve fit”
function) (Virtanen et al., 2020) to the offset measurement datasets for each fault following the
equation:
y = ae™b* equation 1
where y, the number of measurements, is dependent on offset size, x, the rate of decay of large
offsets, b, and a coefficient that scales by number of measurements, a. We calculate the best fit a
and b values for each dataset from (1) all offset measurements plotted from largest to smallest,
(2) the peaks in the COPD curve, and (3) the midpoints of the histogram bins. The b parameter
represents the ratio of small to large offsets in a dataset and exponential decay rate in the
occurrence of large offset measurements (Figure 2). Faults with mostly small MRE offsets and
only a few large cumulative offsets have higher b values. Faults with a more even mix of large
cumulative offsets and small offsets have lower b values.

To evaluate the effect that measurement approach has on derived b values, we compare
the exponential decay values derived from all measurements (b), COPD peaks, and histogram



bins for each dataset. We find b values derived from all measurements and derived from the
histogram bins are similar to each other (Pearson » = 0.72, p = 0.00) but different from the values
derived from the COPD peaks (Pearson r = 0.25, p = 0.19) (Figure S3). This could be due to the
algorithm used to select COPD peaks missing some small peaks. We use the decay parameter
values derived from all measurements in the analysis because deriving it does not require
subjective or arbitrary inputs such as selecting prominent peaks from a COPD or bin divisions in
a histogram. Furthermore, using b values derived from all measurements is the simplest, most
reproducible approach and requires the least data processing.

Finally, we compare the b values from all datasets to tectonic and climate characteristics
to test for significant relationships (p < 0.05) using the Spearman correlation coefficient. To find
the best-fitting relationship between MAP and b value, we tested linear, power-law, exponential,
and logarithmic fits to the filtered dataset (Figure S4) and to every permutation of the filtered
dataset with one point removed to calculate uncertainty (Figure 3B).

Landscape Evolution Model

We use landscape evolution models that simulate lateral displacement on a section of a strike-
slip fault to examine and illustrate tectonic and climatic interaction in a strike-slip landscape.
Using the model code of Reitman et al., (2019a) we investigate the influence of mean annual
precipitation rate, steady versus variable precipitation, and drastic climate shifts on strike-slip
fault geomorphology. Topographic evolution and lateral displacement in time are governed by

(Reitman et al., 2019b):
0z

S =U- V(y)z—i — (KAY2S — Ecpy) + DV?z equation 2
where z is height of the landscape (m), ¢ is time (year), x is fault-parallel direction (m), y is fault-
perpendicular direction (m), U is relative rock uplift (m/yr), V(y) is time-averaged lateral
displacement rate (m/yr), K is erodibility (yr!), 4 is drainage area (m?), S is slope gradient
(positive downward), E is a threshold on stream power (m?/yr), and D is the hillslope
diffusivity coefficient (m*/year). We use an initial topographic surface with self-similar cm-scale
random roughness and relative topographic highs in the upper right and left model corners
(Figure S2).

We simulate a range of steady dry to wet climates by changing the diffusion rate, D, by one
order of magnitude, from D = 0.001 to 0.01 m?/yr (Table S2), values that approximately
encompass the natural range for the faults in the compilation. All models have incision rate, K =
0.001 yr'!, and we increase K by one order of magnitude in the extra wet (storm) periods in the
models that simulate variable precipitation (Table S2). A strike-slip fault crosses the center of the
model domain, and all lateral displacement is accommodated on the fault (i.e., no distributed or
off-fault deformation) with constant slip along the length of the fault. All models have five, 6-m-
slip earthquakes spaced evenly through model run time. We ran models with 3 and 30 mm/yr slip
rates for 10,000 and 1,000 years, respectively. All model parameters are given in Table S2.

To simulate a drastic climate shift from a wet to dry period analogous to the end of the Last
Glacial Maximum and the transition to the Holocene, we ran a model for 20 kyr with 10 kyr of a
wet climate followed by 10 kyr of an arid. A control model was run for 20 kyr with a steady arid
climate. Wet climate was simulated with D = 0.01 m?/yr, and arid climate was simulated with D
=0.001 m?/yr (Table S2).
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Table S1: Offset measurement and fault data.

Studied MRE Slij Mean Time
DaizlScuice Fault (Section) Latitude Longitude “yor il puire  Rate MFE we  sice PO nomers MP wp oyl poopd Bhist Bmsmes B |Exciuder Reason
Study N () (km)  Length (km) (mm/yr) ™" offset(m) MRE (yrs) (™ (em/yr) Error (24)
Ansberque 2016 Longriqu 32.670 102670 80 80 32 72 41 5080 | 085 68 | 728 82 | 0038 0059 0057 00018
Benjelloun 2021 Middle North Anatolian (eastem) 40.400  30.000 = 148 148 44 73 5 957 | 077 114 586 32 | 0055 0069 0101  0.0032
Bi 2020 West Henlanshan 38.600 105670 50 86 03 73 25 5495 360 180 217 95 | 0.097 0.090 0080  0.0029
Chen 2018 Haiyuan (Laohu Shan) 37.110 103730 55 55 40 66 25 134 | 535 294 | 326 95 | 0112 04192 0.155  0.0040 Y Creeping fault
Dspascale 2014  Alpine (1717 rupture) 43322 170310 350 380 270 81 75 305 | 006 20 2047 26 | 0027 0028 0099  0.0125 Y Low data density
Elliott 2015 Altyn Tagh (Annanba) 39.220 93.060 45 365 80 79 72 1011 260 117 61 93 | 0.094 0077 0234  0.0136
Emre 2021 North Anatolian (eastem) 39.800 39.380 330 330 200 79 458 83 030 100 492 49 | 0229 0174 0282  0.0112 Y Majority MRE
Guo 2019 Lenglongling 37.591 101720 110 120 64 77 48 1440 175 192 532 95 | 0103 0.140 0104  0.0023
Haddon 2016  Owens Valley 36.700 -118.100 113 113 11 75 33 150 162 183 186 63 | 0156 0.162 0.193  0.0026
Han 2018 Altyn Tagh (Xorkoli 38.990 92010 120 140 80 75 3.2 502 135 162 57 105 | 0179 0134 0245  0.0051
Han 2018 Altyn Tagh (Xorkol-Annanba) ~ 38.990  92.010 = 167 260 80 76 5 1011 121 202 57 105 | 0130 0097 0210  0.0047
Han 2019 Burgar Co 33.800  84.000 88 50 15 7.0 14  unknown 207 = 182 62 104 | 0.065 0075 0072  0.0011
Jiang 2017 Yishu (F5) 34.800 118530 220 220 24 81 9 354 182 401 800 100 | 0.080 0.106 0.099  0.0022
Kang 2020 Altyn Tagh (eastem) 39.860 96.120 150 180 24 76 6 2750 214 321 85 88 | 0098 0059 0108  0.0020
Kinger2011  Fuyun 46.817  89.915 100 160 30 76 63 91 560 569 169 45 | 0153 0087 0.146  0.0039
Kondo 2005  North Anatolian (central) 41100 33220 180 180 220 74 34 78 036 64 592 34 | 0273 0257 0300  0.0156 Y Majority MRE
Kurtz 2018 Bogd 45189 99.368 160 360 10 80 35 65 1125 1800 119 116 | 0.250 0.143 0232  0.0016
Li2012 Karakax 36.000  80.000 55 100 65 75 66 1002 345 173 35 114 | 0481 0.115 0130  0.0044
Li2017 Tianjingshan (westem) 37500 104250 11 60 12 74 35 1202 2182 240 188 97 | 0.214 0224 0237  0.0031
Lindvall 1989 Superstition Hils 33.015 -115.852 235 235 30 66 06 35 323 76 85 65 | 1356 0757 1220  0.0815 Y Small offsets
Manighetti 2015 Hope (eastem) 42600 172400 30 30 230 72 44 134 477 143 2012 2.3 | 0646 0.058 0.040  0.0019
Manighetti 2020 Wairarapa 41200 175200 70 135 100 81 146 167 | 954 668 1237 2.9 | 0.036 0037 0035  0.0002
Mason 2006 Awatere 41800 173.700 110 110 58 75 53 174 | 038 42 1340 1.6 | 0207 0303 0402  0.0316 Y Majority MRE
McGill 1991 Garlock (central & eastem) 35570 -117.170 130 148 50 75 35 477 173 225 107 56 | 0.367 0.190 0.340  0.0098
McGill 1991 Garlock (central) 35506 -117.444 80 148 53 75 35 477 155 124 85 61 | 0199 0213 0256  0.0047
McGill 1991 Garlock (eastem) 35591 -116.626 30 148 50 69 25 477 337 101 109 48 | 0547 0220 0455  0.0342
Ou 2020 Haiyuan 36.481 105540 237 237 39 79 375 102 170 402 | 384 88 | 0112 04123 0114 00016
Ren 2016 Haiyuan 36.481 105540 88 237 45 79 34 102 472 415 384 88 | 0.858 0.055 0.055  0.0004
Rizza 2011 Bogd 45189 99.368 100 260 10 79 4 65 053 53 119 116 | 0.217 0370 0195  0.0204
Salisbury 2012 San Jacinto (Clark) 33299 116170 80 80 140 74 27 222 | 286 229 146 7.3 | 0359 0276 0476  0.0207
Salisbury 2012 San Jacinto (Clark) 33299 116170 80 80 140 74 27 222 246 197 146 7.3 | 0200 0216 0451  0.0319
Xiong 2020 Altyn Tagh (Xorkoli) 38.700 90.940 2 140 8.0 7.9 71 502 101.00 202 7.2 11.2 0.013 0.023 0.023 0.0006 Y High data density; short length studied
Zielke 2010 San Andreas (Carrizo Plain) 35164 -119.714 60 350 340 79 53 165 | 248 149 454 9.0 | 0095 04121 0134  0.0038
Zielke 2012 San Andreas (1857 rupture) 35700 -120.300 350 350 340 79 35 165 | 127 443 380 89 | 0158 0083 0123  0.0024
Zinke 2021 Wairau (central) 41708 173102 35 140 50 75 77 2000 186 65  187.0 15 | 0.000 -0.005 0.029  0.0028

*Underlined entries are the minimum and maximum values in each column.
MAP: mean annual precipitation derived from monthly precipitation

MAP CV: coefficient of variation of monthly precipitation

MRE: most recent earthquake

Bcopd: b value from COPD peaks

Bhist: b value from histogram bin midpoints
Bmsmts: b value from all measurements
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Table S2: Parameters for landscape evolution model runs.

Kstorm A Slip Rate  Model Run Time Step  Total Slip per Earthquake Storm N
Model Name Kyn ('yr) D (m"2/yr) (mm/yr) Time (yr) (yr) Slip (m) Event (m) Recurrence (yr) Recurrence (yr) Precipitation

k001d001frac1k30mm 0.001 n/a 0.001 30 1000 1 30 6 200 n/a steady
k001d005frac1k30mm 0.001 n/a 0.005 30 1000 1 30 6 200 n/a steady
k001d01frac1k30mm 0.001 n/a 0.01 30 1000 1 30 6 200 n/a steady
k001d001frac10k3mm 0.001 n/a 0.001 3 10000 1 30 6 2000 n/a steady
k001d005frac10k3mm 0.001 n/a 0.005 3 10000 1 30 6 2000 n/a steady
k001d01frac10k3mm 0.001 n/a 0.01 3 10000 1 30 6 2000 n/a steady
k001d001frac20k3mm 0.001 n/a 0.001 3 20000 1 60 6 2000 n/a steady
k001d01frac20k3mm_dshift001 0.001 n/a 0.01->0.001 3 20000 1 60 6 2000 n/a shift
k001d005frac1k30mm_storm_rare = 0.001 0.1 0.005 30 1000 1 30 6 200 500 variable
k001d005frac1k30mm_storm freq  0.001 0.1 0.005 30 1000 1 30 6 200 50 variable

14




Plots of clipped versus full datasets:

In the following plots, black circles are offset measurements included in the clipped dataset and blue
circles are offset measurements excluded from the clipped dataset. The left panel shows offset
measurements along the fault with uncertainty ranges. If distance along the fault is not provided, then
offsets are plotted from smallest to largest. The right panel shows offset measurements plotted from
smallest to largest.
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Plots of b value calculations for each dataset:

In the following plots, offset measurement (m) is on the x-axis for all panels. The left panel shows offset
measurements with uncertainty ranges plotted by distance along the fault. If distance along the fault is not
provided, then offsets are plotted from smallest to largest. The second panel shows offset measurements
with uncertainty ranges plotted from largest to smallest with the best fitting exponential decay curve fit to
all offset measurements. The third panel is a cumulative offset probability density (COPD) curve with
automatically selected peaks (red stars) and the best fitting exponential decay curve fit to the COPD
peaks. The final (right) panel is a histogram of the offset measurements with the best fitting exponential
decay curve fit to bin midpoints (red circles). The fit parameters from equation 1, a and b, are shown in
the third through fifth panels.
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