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• A seismogenic zone that exhibits rate-weakening, unstable 
(stick-slip) behavior and is interseismically  locked. 

• Bounded by upper and lower transitions to zones of stable sliding.
• Governed by “simple” RSF friction and effective stress (pore 

pressure). 

Li et al. [2015]; Lay et al. [2012]

Scholz [1998]

IODP Science Plan [2011]

Simplified Representations

These are very 
nice…but…



• A seismogenic zone that exhibits rate-weakening, unstable 
(stick-slip) behavior and is interseismically  locked. 

• Bounded by upper and lower transitions to zones of stable sliding.
• Governed by “simple” RSF friction and effective stress (pore 

pressure). 
Observations indicate much 
richer and more complex 
behaviors!
• Constitutive behavior of 

fault and environs.
• Constraints & 

interpretation of pore 
pressure, stress.

Li et al. [2015]; Lay et al. [2012]

Scholz [1998]

IODP Science Plan [2011]

Simplified Representations

• Heterogeneity & roughness, upscaling of these.
• Role of significant variability in elastic properties +/- anelastic 

deformation in strain energy accumulation and slip stability.



When and where do large, damaging earthquakes happen?

Question 1:
How do subduction zone fault systems interact in space and time? How do these 
fault systems and associated deformation regulate subduction zone evolution and 
structure?

Question 2:
What controls the speed and mode of slip in space and time?

Question 3:
Does distinctive precursory slip or distinctive foreshocks exist before earthquakes? 
What causes either foreshocks or precursory slip?

Question 4:
Under what physical conditions and by what processes will rapid slip during an 
earthquake displace the seafloor and increase the likelihood of generating a 
significant tsunami?



SZ4D Faulting and Earthquake 
Cycles Science Questions

2. What controls the speed 
and mode of slip in space 
and time?

Yokota &
 Ishikaw

a, 2020

1. How do subduction zone fault systems 
interact in space and time? How do 
these fault systems and associated 
deformation regulate subduction 
zone evolution and structure?

W
att &

 B
rothers, 2021



4. Under what physical 
conditions and by 
what processes will rapid 
slip during an earthquake 
displace the seafloor 
and increase the likelihood 
of generating a significant 
tsunami?

U
lrich et al., 2020

3. Does distinctive precursory 
slip or distinctive foreshocks 
exist before earthquakes? 
What causes either 
foreshocks or precursory 
slip?

K
ato and B

en-Zion, 2020



What kinds of observations and field data, and at what scales and durations? What kinds of 
experimental data and models?

● Traceability matrix: Method to evaluate relevance of different types of data and 
methods to addressing each of the science questions.  In progress now.

● Develop plans for generic experiments at different scales.  Planned for summer/fall.

Developing a strategy to address these science questions

What types of subduction zones do we need to study to address these questions? 
● Define subduction zone attributes required by science questions. In progress now.
● Assemble resources to inform decision making on locations. In progress now.

○ Subduction zone inventory 
○ Onshore analog inventory  

What?

Where?

Who?
● Engage US community to solicit input on implementation plan and participation in 

future SZ4D.
● Develop and strengthen international partnerships



Example:

Traceability Matrix: Mapping activities & data needs to 
driving questions

● Means to evaluate and discuss importance of different kinds of 
data or activities for addressing each question

● Some information required for all questions. Others important for 
some questions, but not all.  



1. New amphibious observations of subduction zone behavior
○ Observations of present-day slip behavior over long enough duration, of sufficient density and 

sensitivity, and over large enough spatial extent 
■ Offshore observations are a particular gap.

○ Paleoseismology/geology required to provide deeper time constraints on long-term behavior

Courtesy of Laura Wallace

Briggs et al., 2014

Observations and activities to address science questions



2.   Geology, geophysical imaging, experiments, and models needed 
to understand slip behavior 

○ Constrain subduction zone structure & physical properties at different scales
○ Identify optimal analog sites – field observations of faults and wall rock
○ Laboratory experiments and numerical models to determine constitutive laws and megathrust 

behavior

Naif et al., 2016

Kozdon & Dunham, 2014

Observations and activities to address science questions

Kirkpatrick et al., 2021

credit: H. Rabinowitz



Notional Observational Plan

Phase 2a: Backbone 
imaging and 
characterization of 
subduction zone behavior 
and structure, leveraging 
advantage of existing 
data

Phase 2b: Detailed 
characterization of 
areas of interest (e.g., 
those with variations in 
coupling/behavior, 
important fault systems) 
informed by Phase 0 
and 1 activities

**both phases interleaved with modeling and experimental efforts



Geological and Experimental Notional Experiment 

Phase 2: Detailed onshore/offshore 
characterization of areas of interest in modern 
system and of relevant onshore analogs, 
targeted sampling and experiments

Phase 1: Identification of onshore analogs, 
reconnaissance work and sampling, backbone 
characterization of geology/paleoseismology of 
modern system and of analog systems, 
experiments on existing samples

Phase 0: Synthesis of existing geology, 
paleoseismology, and relevant rock properties 
data at subset of analog sites, technology 
development

**interleaved with modeling and geophysical efforts



The process of developing a draft science plan
● What do we need to do? Traceability Matrices, Notional Experiments 
● Where do we need to do it? Key Requirements & Subduction zone 

inventories



Locations for study
Recommend:
● Complementary domestic and 

international sites
● International coordination of 

complementary networks 

Regions of Special Interest:

● Chile
● Cascadia
● Alaska

Bartlow
(2020)

Liu et al. (2020) 


