Lecture 9: Plate Boundary Zones

I Inferred from plate motion data and seismicity

Submarine Lithosphere Doformatlon<

B Inferred from seismicity

Subaserial Lithosphere Deformation Inferred from seismicity, topography, and faulting

GEQOS 655 Tectonic Geodesy
Jeff Freymueller, UAF




Most Plate Boundaries Complex

* Distributed deformation at plate boundaries is
common. In continental crust, narrow boundaries

are the exception, not the rule.

* Many broad plate boundary zones are made up of

small blocks or microplates. In some regions,
deformation is either quasi-uniform or the blocks are
numerous and very small.

* |dentification of microplate boundaries and motions
is complicated by the elastic deformation associated
with locked faults (a topic we will come back to in
detail later in the course).



Key Elements
* Blocks usually assumed to be rigid

* Provide a means to separate elastic deformation from
locked faults from long-term motions

* Enforces self-consistency in estimates of fault slip rates



Southeast Alaska Block Model
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Global Strain Rate Map

* An example of a product
derived from GPS velocity
field.

— Rigid plate regions are shown
with velocity grids to show
motion.

— Color coding shows
magnitude of strain, a key
measure of deformation.

— We' ll develop the
mathematical basis for strain
calculations starting next
lecture.




Slip Partitioned System
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A “Simple” Plate Boundary Zone

124'W 123'W 122°'W 121°W 1200W

——

Blanco )\
fracture
zone

UNITED STATES

. .\
Mendocino
fracture zone

Relative motion of

e e North American Plate

Murra
racture Z0ne ;\\; \

Relative motion Los ®
of Pacific Plate An9ele®

Point Reyes

Farallon Islands *

—

fracturg 20ng

124°'W

% Nov 515:17 ‘ Figure 1, Freymueller et al.




Northern California Velocity Field
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Southern Profile

Ukiah Profile
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Northern Profile

Willits profile

20 30 40 50 60 70 80 90 100 110 120

10

(1A/wio) Aj00ja A [BWION-)NE

(1A/wo) Q008 |9|[BIRd-)NBS

20 30 40 50 60 70 80 90 100 110 120
Distance along profile (km)

10

Figure 7, Freymueller et al.

(¢ 1l Nov 5 15:20



0
. ) NN \ % inch per year
\ 1 inch per year . \ e
— major active faults — major active faults
~ other faults ~ other faults

Longitude Longitude



Block Model

S 2
S

BAY AREA VELOCITY UNIFICATION (e1"1 )l 2004 Apr 16 10:35:02
—_—

d’ Alessio et al. (2005, JGR), doi: 10.1029/2004JB003496



Example: Strain rate estimation from SCEC CMM3 (Post-Landers)
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Post-Landers Maximum Shear Strain Rate
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Post-Landers Maximum Strain Rate and Earthquakes of M>5.0 1950-2000
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Accumulative Eq Count

Strain Rate vs Earthquake Count (M>5.0)
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Basin and Range
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Basin and Range Velocities
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Main Features: Basin and Range

* Pure extension in eastern half of B&R
— Slow distributed extension
— Zones of concentrated extension
* Mix of extension and strike-slip motion in
western part of B&R
— Central Nevada Seismic Belt
— Eastern California Shear Zone/Walker Lane

* Total motion across Basin and Range
reaches 10 mm/yr



Basin and Range Velocities
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Discrete High-Strain Shear Zones
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) Sierra Nevada Plateau
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* Broad deforming zone consists of a few discrete
high-strain shear zones separated by regions of

low strain (Thatcher et al., 1999).



Leads to a Block Model Approach
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Block Models for the Lower 48
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A Decade of GPS in China and Tibg
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Relative Plate Motions
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Tectonic Setting
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Convergence Rate:
10-25 mm/yr [Molnar and Deng, 1984; Molnar, 1987]
18+/-7 mm/yr [Molnar and Lyon-Caen, 1989]
~18 mm/yr [Larson et al., 1999; Bilham et al, 1997]



Tibet Velocities




Latest Published Velocity Field
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“Tibetan Plateau Reference
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separated by mostly strike-slip faults = plateau is deforming, but not changing
area.



Thatcher vs. Meade
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Block motion velocities and rotation rates
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Block internal principal strain rates
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Relative Motion (Fault Slip) Rates at Block Boundaries
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4-5 mm/yr right slip along a previously unknown fault zone
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8-10 mml/yr left slip along Xianshuihe-Xiaojiang fault system, extending
southwestward across Red River fault



Progressive westward increase of north-south convergence across Tien Shan range

72°

Slow (~6 mm/yr) left slip along central Altyn Tagh fault



Complications (1)

All of the work shown here assumes short-term
velocity equals long-term velocity. It may not!
Velocities can be biased by several effects:

e Loading (seasonal and other)

— Heki (2003) showed that the strong seasonal signals in
Japanese network explainable by physical loading
models

* Hydrologic effects (famous subset of SCIGN)

Ko




Complications (2)

* Earthquakes

* Postseismic Deformation
— Can cause large amplltude potentially long-lived




One year of postseismic deformation: Average velocities
are 20-25 times faster than before the earthquake
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Tibet Velocities




Velocities Relative to Eurasia
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Displacement and Strain

e Displacements (or rates) are a combination of
rigid body translation, rotation and internal

deformation
veast Ve ,body
= +
_V north | _V n.,body ]

811

¢ = strain tensor components
w = rotation

% (élz o w)

LE, +o)|x

) y

(X, y) = position
v = velocity



Velocity Field Relative to Lhasa
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Velocity of N32°E in mm/yr
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No Thrust Faults Within Plateau
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Velocity of N122°E in mmiyr
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Blocks or Continuum?

* N32°E component resembles continuum deformation
— Possibly continuum deformation
— or distributed slip on many small faults

* N122° component resembles quasi-rigid block motion
* Both at the same time? How can this be?

What if blocks are not rigid, but instead
deform internally?



Block Boundaries
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Uniform Strain Rate
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Deforming Block Model

Based on GPS data from 44 sites

Four blocks moving relative to each other
on major faults, plus uniform strain

— Block motions are predominantly strike-slip
Models with spatial variations in strain do
not fit significantly better than uniform
strain

Models with all slip concentrated on a few
faults fit worse than the deforming block

model.
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Chen et al. Deforming Block Model
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