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• Earthquake geology provides information on 
fault geometry, earthquake history, offset, 
coseismic effects, and empirical constraints: 
“it happened”

• Largely derived from field observations
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Geometry; primary 
and secondary; 
segmentation
History of ground rupture, 
slip/event

Localization over 
different time scales, 
cumulative 
deformation

Variable levels of ambiguity
Both Aleatory variability and
Epistemic uncertainty are important
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Earthquake geology can provide:

• Surface trace
• 3D geometry, incl. 

segmentation
• Sense of slip
• Geologic framework: 

crustal structure and 
tectonic regime

• Thermal and rheological 
constraints on seismogenic 
thickness

• Slip rates and distributed 
deformation over 102-105 yr 
timescales

• Paleo recurrence timing 
and slip/event

• Magnitude-frequency 
distribution

• System scale plausibility
• Longer time scale unexceeded 

ground motions from fragile 
geologic features
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Inversion based 
rupture forecast
(colored by rupture 
rate)

Mostly EQ geology inputs
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Review of last decade of research along 
SCSAF:
1) Holocene-recent  slip rate (S)
2) Earthquake recurrence over the last 

millennium (Rx)
3) Slip per event(s) (D)
4) Integration: 

S is ~ steady
Rx is quasi periodic and ~~100yrs
D and Length and M are variable 
(bimodal?)

Cholame

Carrizo Plain

Frazier 
Mountain



Holocene-recent  slip rate

Carrizo Plain sites



Sims, et al., unpublished; 
Salisbury , 2016; Salisbury et al., in prep

Phelan Creeks slip rate



Stage I

Age:
12,373 ±  357 Cal BP-
<6,780 ± 110 Cal BP

Event:
Initial cutting of 
channels K and M

Cumulative Offset:
238 ± 1.5 m

<35.1 ± 0.6 mm/yr 

Sims, et al., unpublished; 
Salisbury et al., in prep



Slip rate summary: ~steady strain accumulation and release



Paleo 
occurrence: 
Extensive 
paleoseismic 
investigation at 
Bidart Fan

Akciz, et al., 2010







T11
Akciz et al. (2010)

Buried repeated surface ruptures

Akciz et al. (2010.)
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T11 SE wall

Fis, SW tilt
Fis, VO

Fis, rerupt.

VO, uncf.
Mt

A. uncf.



Summary probability distributions for ages of last 6 south-central San 
Andreas Fault Earthquakes: 88 ± 41 yr, or 99 ± 46 yr including open 
interval Akciz et al. (2010.)
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Slip per event 
from geomorphic 
markers: assume 
marker formation 
rate is more rapid 
than earthquake 
recurrence rate
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# Events (?)

Paleoseismic information from nearby suggests ~100 yr 
recurrence intervals
Slip rate is well defined at ~35 mm/yr



Akciz, et al., 2010 event ages

One to one correlation between offset 
landforms and events provides too high 

slip rate (right)
If there is variable slip/event and only B 

and D are significant geomorphically, the 
event rate and slip/event can reconcile
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Bimodal Seismicity Distribution from 
earthquake simulator
Down-dip rupture width RW of small EQs is limited by peak of 

coseismic stress drop at zp

Rupture of strength barrier zp causes activation of full seismic 
zone

 Abrupt increase in RW and RA at transition from small to 
large EQs

 Abrupt increase in Magnitude

Mag. vs. Freq.

RW vs. Freq.

Small vs. Large EQ
Zielke and Arrowsmith, 2008



Moderate M, partial rupture, Gutenberg-Richter

Large M, full rupture, Characteristic

Zielke and Arrowsmith, 2008

Implies bimodal M, RA, and slip at surface->controlling 
influence of event on landscape



Review of last decade of research along 
SCSAF:
1) Holocene-recent  slip rate (S)
2) Earthquake recurrence over the last 

millennium (Rx)
3) Slip per event(s) (D)
4) Integration: 

S is ~ steady
Rx is quasi periodic and ~~100yrs
D and Length and M are variable 
(bimodal?)

Cholame

Carrizo Plain

Frazier 
Mountain

Bimodality in magnitude-
frequency relation

Akciz et al. (2010)
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Earthquake geology can provide:

• Surface trace
• 3D geometry, incl. 

segmentation
• Sense of slip
• Geologic framework: 

crustal structure and 
tectonic regime

• Thermal and rheological 
constraints on seismogenic 
thickness

• Slip rates and distributed 
deformation over 102-105 yr 
timescales

• Paleo recurrence timing 
and slip/event

• Magnitude-frequency 
distribution

• System scale plausibility
• Longer time scale unexceeded 

ground motions from fragile 
geologic features
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