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Paleoseismic Time Series are Underutilized in
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Earthquake Super-Cycles

San Andreas Fault (Weldon et al., 2004) Sumatra Subduction Zone (Sieh et al., 2008)
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Most Paleoseismic Sites .
Record Timing, Not Slip .

Shown Here: Paleoseismic Trench on Xorkul
Section of Altyn Tagh Fault, China (Yuan et al., 2018)

) N

paleoseismologist for s

Cumulative Probability

0.4

0.2

680 —

Calibrated date (calBC/calAD)

) S"itri‘?{:phic Events C14 samples
L AfarFi3108 T ] I T Y
- ATF1454 | | | | . 4 |
__ ATF14-55 } ! ES 4& '
a | | | Y T
H i fo:6: H 5 ',' H
4 ATF13-103 | | | \l\ Qb |
a B~ atF13-104 | o i i [ et i
: =TT T Depositional hl;atus - | &I. an . J
120 — ¢ —|ATF14-38 | I \l\x,&#_ ) | ‘ |
- \ A . ¥
] ATF14-39 | | T’) é”— | |
160 — D{arr13.00 : N & : :
: | | &/ |
- : Py : :
200 7 ExJATF1342 | I l?e!,'l !-Lu]— 14 |
i ATF14-50 i | & i i
i ATF14-44 | | |—! | |
g 240 — ATF14-46 i : :
H ] ATF13-46 | | \-t | |
- - F 2 ' s i i
o 5 "
?:; 20 B ATF13-120 : : §E —al.-:» : :
5 - A
2 _ ATF14-59 ¢y : H
£ - ] ATF14-45 | | \:‘114- | | |
: B8 . :
WA
SCELL
| | |
s | |
et | |
g0 !
. s . [m
Cumulative i : —
. . . || = : ' -
Distribution T : o1
r . =
Function AL . -
N A S| E ' 4 '
8 G 4 E i
! ! T . H b E
1000 1500 2000 | | K. E
e | 4000 3000 TBGTAD 5001
Modeled date
Interevent Time (yr) : H
z 5000 2000 2000 1BC/1AD 2001




Brownian Passage Time (BPT) Model

Brownian Passage Time:
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Welibull Model

The hazard function is the
probability of an event at
time t, conditioned on
survival until time t:

h(t) = p(t)/S(t)

Let’s propose that
earthquake rupture hazard
Increases with time raised

to a power Kk:
h(t) o< t*

k =0 :timeindependent
k =1 : steady loading
k>>1: periodic



Cumulative Probability

Paleoseismic Time Series
San Andreas Fault: Wrightwood Site
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Paleoseismic Inter-Event Time Distributions
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1500 Years

San Andreas Fault Rupture Lengths
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Contrasting Fault Recurrence Behaviors
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Physical Basis for Weibull Model: Non-Local Hazard

A. Spatial Accumulation of Hazard

Fault Lnadlnu Hazard Contribution
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* Long Paleoseismic Records exhibit are well fit by the
Weibull Distribution, with hazard ~ t*

* Alpine Fault (New Zealand) and San Andreas fault system
(California) exhibit contrasting time-dependent

recurrence behavior:

* Alpine fault exhibits a system-spanning rupture mode, with |
repeated large events. Hazard increases non-linearly, consistent ‘f’
with cyclic renewal of fault loading. '

 San Andreas and San Jacinto faults exhibit a partial-rupture

mode, with variably-sized and more frequent events. Hazard
rises early after an event and may exhibit a survivor effect.
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Hazard Exponent Reproducibility from Split Records

San Andreas (14 events each)
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