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Motivation: surface displacement vs length
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We investigate whether the slip of large 
earthquakes can continue to increase with 
the rupture length far beyond the 
seismogenic depth (L model, as described 
by Sholtz, 1982).

Studying the relationship of surface 
displacement and rupture length can: 

1. have important implications for 
earthquake mechanism. 

2. contribute to improved earthquake 
rupture forecast.

Modified from Figure 1 in Shaw (2013). 



Whether does considering geological slip rate help 
model the data?
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This term may infer the stress 
drop has a dependence of 
geological slip rate



Seismological support
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Derive SR-dependent surface displacement model
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Small circular fault

Long rectangular fault

SR-dependent stress drop

Modified from Shaw (2013)



Three models
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Prepare data
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We aggregate the fault displacement databases of Biasi et al. (2013) and from the Fault Displacement Hazard 
Initiative (Sarmiento, et al., 2019), along with the slip rate dataset of Anderson et al. (2017), which together include 
48 strike-slip earthquakes (Table 1). 



Consistently combine Biasi et al (2013) and FDHI
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We adopt the definition of envelope average displacement (EAD) from Biasi et al. (2013) and apply it
to the FDHI data; we compare those estimates for the same events, confirming that there is no
systematic bias between the datasets.



Consider uncertainty in regression
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In this study, we also consider uncertainties of average displacement, rupture length and 
geological slip rate. Uncertainties of these quantities are obtained from multiple estimates for 
a given event or are set to 20% of the estimate if only one set of measurements is available.



Regression method
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We use 3 distinct models for our data.
For each earthquake, average
displacement (S), rupture Length (L)
and slip rate (SR)are uniformly chosen
from the range of uncertainties with the
preferred value set as the median.

We solve for 10,000 randomized
combinations of S, L and SR for
coefficients (A1, A2, Lmax, B1) by using
a segmented linear regression
technique.

If the preferred value is not the average of min 
and max, the probability distribution for 
randomized value of L is as follows (50% 
between min and preferred):



60% 40%

Regression Prediction

Accuracy = MSE(test)/MSE(train)

Regression result
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For model 1, we first test 
whether the SR dataset 
improve modeling or overfit 
data by adding a regression 
parameter

(1) Use random SR
(2) Cross-validation: Split data into training

and testing sets



60% 40%

Regression Prediction

Accuracy = MSE(test)/MSE(train)

Regression result
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For model 1, we first test 
whether the SR dataset 
improve modeling or overfit 
data by adding a regression 
parameter

(1) Use random SR
(2) Cross-validation: Split data into training

and testing sets



Compare results of three models
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Predictions (5%, 50% and
95%) for the three models
based on the 10,000
realizations
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and jth realization
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3 metrics for model comparison
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Compare with results without events on creeping faults 
and from linear-scale regression



Whether are these parameters physically plausible?
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The exponent A2 s in the range of
0.08-0.23 ± 0.02 (std), which are
well consistent with the
seismological observations, lab
experiments and theoretical
predictions.

(a) Comparison of stress drop
with geological slip rate between
the model-I in this study and that
derived from seismological data
in Perrin et al (2021). (b)
Comparison of normalized stress
drop with normalized loading rate
among numerical simulations
(lower group), lab experiments
(middle group), seismological
and field observations (upper
group).

Dc=10 𝜇𝑚



Fault maturity vs Surface displacement localization
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Surface displacement localization is correlated with the
fault maturity, implying a mature fault has a larger partition
of slip on the surface regardless of seismogenic width
model used in inferring fault-plane average displacement.

Relationship between the ratio of surface average (S) and fault-plane average (estimated from magnitude) 
displacements with fault maturity based on the seismogenic width models.



Take-home messages
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• Stress drop has a power-law relationship with the geological slip rate (Fault maturity): A mature fault has a 
smaller stress drop.

• The model implementing slip rate dependent stress drop better models the surface displacement data. 
• The exponent from the regression (0.08-0.23) is supported by broad cross-scale evidences (seismology, lab 

experiment and numerical simulation).
• Surface displacement localization is also related with fault maturity: A mature fault has a larger portion slip on the 

ground. 
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