Tectonics - The View
Forward



Integrated Physics Based
Models Coupled to

Observations
Hydrologic
Geodetic - GPS, GRACE, InSAR,
absolute gravity

Geodynamic - mantle convection,
plate motions, loading response, GIA
predictions, Sea level change

Involves multiple spatial and
temporal scales

EARTH SYSTEM DYNAMICS



Confounding factors:
(2) Glacio-isostatic adjustment
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Confounding factors:
(3) Atmosphere & Oceans
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Confounding factors:
(1) Tectonics
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Is it p055|ble to have physics-based models that build on 3-D
kinematics, seismology (tomography), history of subduction,
convection, 3-D stresses, crust and mantle rheology?

Is it possible that models could also incorporate ice loading,
hydrology, sea-level change?

Fully coupled models must accommodate a variety of temporal and
spatial scales, will require precise geodetic techniques and accurate
reference frame determination.



Tectonic Models

 Development of short term solid
Earth models

— Earthquake cycle
— Rheology of the Earth
—Time dependent deformation

— Loading from sediments/ice (e.qg., Sierra
Nevada, SE USA, Antarctica, Greenland)



Tectonic Models

 Development of long-term dynamic
models

— Coupled physics of lithosphere/mantle
interactions

— Constrained by seismic observations,
history of subduction, mineral physics,
geologic constraints, plate motions

— Radial and lateral rheology

— Rheology estimates important for relating
ong -term deformation to shorter term
measurements (GPS)

— Provides an imbportant boundarv condition




Geodynamics/Geodesy/Hydrolo

ay/

Cryosphere
 Response to Earthquakes



Mapping the gravity jump : removing hydrological }
noises |
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Coseismic gravity change : Obs. vs.
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GIA and Physics Based
Models



A Priori and Posteriori GIA Geoid Trend
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Signature Separation and Perspectives

« Global Kinematic:
— Use fixed deglaciation areas and intrinsic dynamics
— Successfully separates long-wavelength signatures
— Fail to incorporate historical relative sea level data
— Lack dual data coverage over ice sheet interiors

— Cannot resolve ice history and Earth rheology

— Full dynamics requires sea-level egn solver with rev.
rotational feedback

« Dynamic: Massive combination of all data

D=F(M,M,_,H,,v, ...)
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GNET:

will provide
basin-by-
basin

view of ice
health
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Regional Scale Models



GPS / Absolute Gravity Integration
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N. Calif. Peak in Oct.

Annual Signal Phasor Plot

5 e g

40

Meertense® In order to measure tectonic mountain building (rates of <1mm/yr) we will
need to be able to understand and model hydrologic loading effects



Dong et al.
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—+ Hydrological signals are typically occur in isolated areas.
© When these signals are identified and subtracted, the
remaining vertical velocity field could reveal tectonic
information.

= ¢ GPS vertical measurements are very sensitive to
| hydrological signals and can provide effective means to
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Analysis of Showpack Reduction Impacts on
California Groundwater Water Infrastructure

Model

Miller



Vertical GPS Velocities Interpolated
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* Time Series 5 years or longer

* Frame i1s GB09, similar to
ITRF2005, but regionally filtered

on scale of Great Basin.

We See:

« Extremely stable eastern NV,
RMS of ~0.2 mm/yr

* Larger uplift rates near Central
Nevada Seismic Belt ~2 mm/yr

+ Complexity in Walker Lane
where crustal deformation rates
are higher

* Generally upward rates on west
slope of Sierra Nevada Range near
| mm/yr

Rates similar to what others have
shown (e.g. Fay et al., 2008;
Bennett et al., 2009; Dong et al,
2009)



Earthquakes and far-field
triggering



Fluid Pressure Changes at LLong Valley
Caldera from Distant Earth guakes
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Strain Changes Associlated with Earthguakes

1992 Landers
M7.3 450 km
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Summary

* Need solid geodetic/hydrologic
infrastructure of space-based and
land-based measurement

* Multidisciplinary research (physics-
based) that couples across multiple
spatial and temporal scales

* Rigorous multidisciplinary
approaches have implications for
sustainability, hazards, etc.



Questions posed Iin Peter
Clarke’s Presentation

Workshop questions

*How can we bridge the gap in spatial scales
between regional/global and point/catchment

measurements?

*How can we isolate long-term hydrological change
from secular effects due to tectonics, GIA, etc?

*How can we improve measurement accuracy and
robustness to seasonal and other artefacts?



