
Subduction zone parameters:
Observational constraints on slab dip
and the maximum moment earthquake

Carl Tape

Mike Gurnis, Hiroo Kanamori, Mark Simons

March 13, 2007

 Thanks to Dietmar Mueller for the updated seafloor age grids.



Two influential papers:

Ruff and Kanamori (1980), “Seismicity and the subduction process” (WOS:166)

Jarrard (1986), “Relations among subduction parameters” (WOS:413)

Basic idea:

Choose a response variable (e.g., Mw-max or slap dip), choose a set of

predictor variables, and determine whether a simple linear combination of

predictors can estimate the response.

Why do we care:

Physical intuition to get at the causal mechanism of a particular observation.

The intuition can guide modeling efforts.



1. Select your subduction zones

Jarrard (1986)



Ruff and Kanamori (1980)





2. Select a set of observable variables

Jarrard (1986)



Ruff and Kanamori (1980)



Figure 23,
Jarrard (1986)

3. Make some scatterplots



Figure 24,
Jarrard (1986)

upper plate is
oceanic



Nature (1987)



3. Make multiple linear regression (MLR) models

Ruff and Kanamori (1980)



3. Make multiple linear regression (MLR) models

(And don’t just stop with scatterplots!)

Jarrard (1986)







Computing surface velocities

1. Description of plate boundaries.

2. Euler vectors for each plate.

3. Reference frame choice (e.g., “hot spot reference frame”)?







Computing the

convergence

velocity, the

trench-normal

convergence

velocity, and the

obliquity.

Should we only

consider the

major plates

(NUVEL)?





Choice of
subduction

zones





































The age of
subduction
zone (SA)



The seismogenic
dip angle



Miura et al. (2005)

Eastern Japan
subduction zone



Nakanishi et al. (2004)

Southern Kurile
subduction zone



Fluck, Hyndman, Wang (1997)



Engdahl et al. (2007)

Southernmost Andaman
subduction zone

Dips angle on thrust events = 27 +/- 4

Harvard CMT = 8



The maximum moment magnitude interplate thrust
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Applying my analysis to the same

data set as Ruff and Kanamori

(1980) and using the same set of

available parameters, I get the

exact same result (as expected).



Tonga :         10.1 = 7.95 + 0.0133 ( 230 ) - 0.00879 (104 )

Nicaragua :   8.74 = 7.95 + 0.0133 ( 72 ) - 0.00879 (19 )



If we FORCE the model to have

Vc and A, then we obtain a very

poor fit.

--> Vc and A do not explain the

variation in Mw in the new data

set.









A steeper intermediate dip is promoted by:

   a younger subduction zone

   an older subducting slab

   an upper plate that is oceanic

   a subduction transect near the edge of a subduction zone





A steeper deep dip is promoted by:

   a younger subduction zone

   an upper plate that is oceanic

   a lower convergence velocity



A greater Mw-max is promoted by:

   an older subduction zone

   a greater sediment thickness at the trench



What parameters did we ignore?
• Strain class of upper plate

1. Wedge taper angle

2.  Arc-trench distance, width/depth of seismogenic zone, etc

Summary
1. We have compiled a comprehensive set of subduction zone parameters for 159

transects.

2. The analyses of Ruff and Kanamori (1980) and Jarrard (1986) are excellent,
given the data sets available at the time.

3. Initial results of linear regression using the new dataset suggest that :

1. The relationship Mw(Vc, A) of Ruff and Kanamori is not valid.

2. Mw depends on the long-term evolution of the subduction interface (SA, age
of subduction zone).

3. Intermediate dip depends on SA, age of plate, whether the upper plate is
oceanic, and whether the transect is near the edge of a subduction zone.

4. Deep dip depends on SA and Vc and whether upper plate is oceanic.



Clift and Vannucchi (2004)

Accretionary margin

Erosive margin



Clift and Vannucchi (2004)

Accretionary
plate margins



Clift and Vannucchi (2004)

Non-accretionary
and erosive plate
margins



Non-accretionary
and erosive plate
margins

Clift and Vannucchi (2004)



Jing Yang and Tom Heaton



Song and Simons (2003)




