APPLYING GEODESY
TO GEOSCIENCE 1

Donald Argus
Jet Propulsion Laboratory
California Institute of Technology

PART 1 Data Uncertainties
PART 2 Rigid Plates

PART 3 Plate Motion
From Geodesy

PART 4 Plate Motion
From Geology

PART 5 Postglacial Rebound
PART 6 Earth Center Motion
PART 7 Spin Axis Wander

Earthquake Research Institute 27 August 2002



PART 1
Data Uncertainties
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SCIENCE APPLICATIONS

(1) How big are the true
GPS velocity errors?
horizontal= 4 mm/time
vertical= 8 mm/time

How do we know?
data partitioning
technique comparison
rigid plates

Conclusion
GPS velocities are
extremely accurate.



PART 2
Rigid Plates



GEODVEL

DATA
site velocities
30 VLBI 1979-1999 Ma Ryan
20 SLR 1976-2000 Eanes
104 GPS 1991-2001 Heflin
154

PARAMETERS
angular velocities
North America Nubia
Eurasia Antarctica
Pacific Nazca
Australia Somalia

South America

horizontal velocities
Bahrain (Arabia)
Bangalore (India)

translational velocities
VLBl GPS

rotational velocities
VLBI SLR GPS
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SCIENCE APPLICATIONS

(@) How rigid are the plates?
Where are the limits of
the plate interiors?

Root mean square residual
~1 mm/year

Conclusion
Plates are very rigid.
Geodesy is defining
the plates limits.



PART 3
Plate Motion
From Geodesy
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GEODVEL

DATA

Site velocities
30 VLBI 1979-1999 Ma Ryan
20 SLR 1976-2000 Eanes
104 GPS 1991-2001 Heflin

154

PARAMETERS
angular velocities
North America Nubia
Eurasia Antarctica
Pacific Nazca
Australia Somalia

South America

horizontal velocities
Bahrain (Arabia)
Bangalore (India)

translational velocities
VLBI GPS

rotational velocities
VLBI SLR GPS
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SCIENCE APPLICATIONS

@ Do plate motions from geodesy
equal plate motions from geology?

GEODVEL
JPL GPS
Goddard VLBI
Texas SLR

Angular velocities
GEODVEL= ITRF2000
more tightly constrained than before



PART 4
Plate Motion
From Geology
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SCIENCE APPLICATIONS

@ Do plate motions from geodesy
equal plate motions from geology?

NUVEL1A shortcoming
neglects motion across
east African rift |
motion between Pacific plates
and surrounding continental plates
screwed up

Conclusion
Space geodesy is becoming
more accurate than geology.



PART 5
Postglacial Rebound
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SCIENCE APPLICATIONS

@ What is space geodesy bringing to
postglacial rebound models?

Horizontal motion
slow motion away from
former ice sheet centers
Algonquin Park 1 mm/year
Onsala 1 mm/year

Vertical motion of continent interiors
Yellowknife rising
at 8 +2 mm/year
west Laurentide ice sheet
must be thicker

Conclusion
Space geodesy is
bringing new information
to postglacial rebound.



PART 6
Earth Center Motion
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the velocity between the
the geocenter and mass center
is negligible
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SCIENCE APPLICATIONS

(6) Motion between
GPS center of figure
SLR center of mass

0.3 £0.5 mm/year

Conclusion
GPS can define
translational velocity.



PART 7
Spin Axis Wander



Defining the Angular Velocity
of the Reference Frame:

No Net Rotation
- VS.
Hotspots

22 April 2002 European Geophysical Society



Relative to WHAT?

@ 1 plate

mean lithosphere
=no0 net rotation
of the plates

@ hotspots

@ mean mantle
(using a geodynamic model
of mantle convection)
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A Revised Estimate
of the Motion Between
the Spin Axis and the Mantle

17 April 2002 International Astronomical Union



Polar Motion

forced annual wobble
3 meter amplitude
1 year period

free Chandler wobble
3 to 6 meter amplitude
433 day period

Markowitz wobble
1 meter amplitude
30 year? period

constant velocity
11 meter/100 year
along 75°W meridian
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Polar Motion
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revised input to
postglacial rebound model
of Peltier [1996]





