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NOAA’s National Geophysical Data Center (NGDC)
is developing and using an integrated system of Web-
based tools for receipt, ingest, quality review, and dis-
semination of metadata and data. These tools are being
used to improve the quality and content of gravity data
as part of the North American Gravity Database. Us-
ing these tools, scientists will be able to submit data
and metadata information on-line.
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After verification
and ingest, these and other data can be compared and
viewed with other data This poster describes the meta-
data component of the integrated system and intro-
duces the Web-based tools for browse, subset, overlay,
and delivery of data on-line using Oracle spatially en-
abled database, ArcIMS, and Web browsers.

URL: http://www.ngdc.noaa.gov/seg/potfld /gravity/
welcome.shtml
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Earth-model discrimination via
gravimetric terrestrial spectroscopy

Mensur _Omerbashich! (omerbasic@unb.ca)

Petr Vanitek! (vanicek@unb.ca)

lDepartment of Geodesy and Geomatics Engineering,
University of New Brunswick, PO Box 4400, Fred-
ericton, NB E3B 5A3, Canada

We devised a method for Earth-model discrimi-
nation, of potentially general interest to geophysics.
Based on Jeffreys’s rule of thumb, it is claimed that the
last decade’s mean-diurnal free oscillation magnitudes
(MDOM) of the Barth’s gravity field linearly correlate
with seismic energies and seismic magnitudes of 381
earthquakes larger than M = 6.3 found in the record.
Here the oscillation of the gravity field is caused by
the seismic waves generated by these medium-to-large
earthquakes. Oscillation magnitudes are taken at the
discrete values predicted by the individual model’s long
eigen-periods; we take all modes between 12 min - 2
hrs. Using the correlation coefficients computed from
variance-spectra between the MDOM and M > 6.3
global seismicity, which in some cases reach up to 0.97,
we subsequently propose a general method for Barth-
model discrimination: if a model yields high correla-
tions of the MDOM with Earth’s seismicity on the day
of the large earthquake, that model is to be consid-
ered successful. Various criteria for model discrimina-
tion could then be derived from this observation. Gaps
are normally present in the record of temporal gravity
variations obtained by a seismically excited gravimeter.
‘We thus start the data processing for our technique by
applying a non-equidistant Gaussian filter with 4sigma-
width, to the last decade’s one second step record
collected by the Canadian superconducting gravimeter
(SG) that operates at Cantley, Quebec. Thus the orig-
inal one-second data are transformed to records with
steps 8 and 32 sec. The non-equidistancy feature of
our filter means that one-second gaps in the record are
properly accounted for and gaps larger than the filter-
ing steps set at 8 and 32 sec remain in the series. We
then perform the least squares spectral analysis (LSSA)
of so filtered a record, without any further preprocess-
ing of the data so as to satisfy the rigour requirement.
The LSSA seems suitable for our purpose due to its
ability to handle gaps in data, unlike other spectral
analyses. We obtain power- and variance-spectra of
the record (including noise), and using three different
geophysical models we look into the free oscillation of
the Earth at the periods predicted by these models;
we compute respectively the mean-diurnal and mean-
weekly gravity oscillation magnitudes (MWOM). For
all three models the correlations are higher when seis-
mic energies are used rather than seismic magnitudes,
as well as when variance-spectra are used rather than
power-spectra. As deduced from the variance-spectra
(but not the power spectra) of gravity, the correla-
tion is maximum for eigen-periods of around 821 sec.
When a depth-of-earthquake separation is performed,
the best correlation between the MDOM series and the
deep (d > 400 km) earthquakes shows a curious delay
of three days, for all the models. For this we have no
physical explanation. Finally, the series of MDOM val-
ues of the Earth’s gravity field appears periodic over
the studied decade: a synodic semi-monthly and solar
semi-annual periods show up as the only two significant
periods from the one-day to ten-years period interval.
Various researchers in the area of earthquake prediction
and “tidal triggering” have in the past pointed their
finger at the same periods. We know where these pe-
riods come from but we have no physical explanation
as to why they should trigger the characteristic oscil-
lations.

URL: http://einstein.gge.unb.ca
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The Plate Boundary Observatory
Component of the EarthScope Facility
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The Plate Boundary Observatory (PBO), one of the
core components of EarthScope, is a geodetic obser-
vatory designed to study the three-dimensional strain
field resulting from plate boundary deformation in the
western US including Alaska. The science goals of PBO
require that plate boundary deformation be adequately
characterized over the wide range of temporal and spa-
tial scales common to active continental tectonic pro-
cesses. To meet these goals, PBO will install a core of
geodetic instruments that possess excellent sensitivity
over this broad temporal spectrum, with a deployment
configuration that will dramatically increases the spa-
tial scale and density of stations. The PBO Facility
will consist of 891 permanently-installed GPS stations,
175 borehole strainmeters, five laser strainmeters, and
a pool of 100 portable GPS receivers for temporary de-
ployment and rapid response for volcanic and seismic
crises. PBO will provide a range of data and data prod-
ucts for scientific investigations and for education and
outreach activities. Congress has provided funding for
EarthScope to the National Science Foundation and a
proposal to construct EarthScope has received approval
from the National Science Board. Construction is ex-
pected to commence in September or October 2003.

URL: http://www.unavco.org/PBO/PBO.html
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A Reference Frame for PBO: What do
we Have; What do we Need?

Geoffrey Blewitt (1-775-784-6691 x 171;
gblewitt@unr.edu)

Nevada Bureau of Mines and Geology, and Seismologi-
cal Laboratory, University of Nevada Mail Stop 178,
Reno, NV 89557, United States

By definition, the Plate Boundary Observatory
(PBO) will investigate the mechanics associated with
the boundary between the North America and Pacific
plates. A natural frame of reference to describe crustal
deformation between these two plates would be one
in which the far field appears to be stationary, which
leads to two possibilities: the “stable North America
frame” or the “stable Pacific frame.” The theory of
plate tectonics pre-supposes the existence of such enti-
ties. Within such a framework the sum of deformations
across contiguous regions of the plate boundary zone
are constrained by the known relative far-field plate
motion. However both theory and observation com-
plicate this simplified framework. Are “stable plate
interiors” a meaningful concept at the level of antic-
ipated geodetic accuracy? Observational evidence sug-
gests that most of the North America and Pacific Plates
appear to be horizontally stable at the level of 1-2
mm /yr over plate-wide distance scales, which is not a
very stringent constraint given current and anticipated
station velocity accuracies at <1 mm/yr. Where do
these stable plate interiors end, and the plate boundary
zones begin? The Pacific-North America plate bound-
ary zone is so broad that gravitational potential en-
ergy and mantle dynamics must play an important role
- how deep into the plates do these dynamics have a
measurable effect? How should we account for glacial
isostatic adjustment in the definition of a plate-fixed
frame? How should we define a “vertical datum” that
is theoretically useful and can be realized in practice?
In this presentation I review the current status of ref-
erence frame theory and actual practice, and I outline
current thinking on the reference frame needs for PBO
that derives from the working group on the “Stable
North America Reference Frame” (SNARF), recently
formed under the auspices of UNAVCO and the IAG
sub-commission on the North America Reference Frame
(NAREF).
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GPS Lessons Learned

Michael Heflin (mbh@cobra.jpl.nasa.gov)

Jet Propulsion Laboratory, 4800 Oak Grove Drive,
Pasadena, CA 91109, United States

Global geodesy has improved dramatically over the
past decade starting with the GPS for IERS and Geo-
dynamics demonstration compaign in 1991 (GIG 91).
At that time it took over a week of CPU time to pro-
cess a network solution based on 21 global receivers
and orbit overlaps were in the 40 cm range. Today it
is possible to process a network solution based on 80
global receivers in less than one day of CPU time and
orbit overlaps are in the 4 cm range. Special meth-
ods are under development for efficient processing of
increasingly large regional networks which may contain
hundreds or thousands of GPS receivers. Along the way
there have been many lessons learned about GPS satel-
lites, receivers, monuments, antennas, radomes, anal-
ysis, reference frames, error sources, and interpreta-
tion. A wide range of scientific disciplines have been
impacted including studies of plate motion, post-glacial
rebound, seasonal loading, deformation in plate bound-
ary zones, coseismic displacements due to major earth-
quakes, postseismic relaxation, and interseismic strain
accumulation related to assessment of seismic hazards.
Lessons learned will be presented in the context of new
dense networks such as the Plate Boundary Observa-
tory (PBO).

G32B-04 1425h INVITED

Results and Comparisions from the
Southern California Integrated and
other arrays

Thomas A Herring (1-617-2535941; tah@mit.edu)

EAPS MIT, 77 Massachusetts Av, Cambridge, MA
02139, United States

The Southern California Integrated GPS Network
(SCIGN) was established after the 1994 Northridge
Earthquake near Los Angeles, California. The SCIGN
array is the largest integrated array in North America
and was largely completed in July 2001. Currently
the array has about 250 continuously operating GPS
The current operation of SCIGN shares
many of the characteristics sought for the operation of
the plate boundary observatory. All of the data from
SCIGN are freely available. SCIGN operates three
analysis centers, one for near-real time processing and
two for final post processing. There is also an analysis
committee that compares and combines the results
from the two post processing centers. This analysis
committee makes available results in the form of time
series, 3-dimensional velocity vectors, and postseis-
mic deformation parameters from a uniform analysis of

receivers.

loosely constrained solution vectors with full covariance
matrix information and from analyses preformed at the
two post processing centers at Jet Propulsion Labo-
ratory (JPL) and the Scripps Institution of Oceanog-
raphy (SIO). (http://chandler.mit.edu/ tah/SCIGN).
We present here comparisons of uniform process-
ing of the solutions from JPL and SIO with the
processing results presented by the two centers
(http://sideshow.jpl.nasa.gov/mbh/series.html and
http://sopac.ucsd.edu/cgi-bin/dbShowArraySitesMap

.cgi?array=SCIGN). From these comparisons, the ro-
bustness of signals seen in strain field in the region
and non-linear temporal variations in the time series
can be assessed. The RMS difference of the 3-D veloc-
ities from the uniform analysis is 0.6 mm/yr, and for
horizontal 2-D velocities 0.5 mm/yr. We will examine
those sites where the two analysis centers do not agree
well. In these cases, the differences arise from site
characteristics such as the effects of snow, multipath,
subtle instrument failures, and loading processes when
different lengths of data are used. We will also examine
results from other networks around the world where
some of the effects discussed above are even more
pronounced.

URL: http://chandler.mit.edu/ tah/SCIGN
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Broadband Deformation in the San
Francisco Bay Area
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Measured at Mini-PBO Stations:
Implications for PBO
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1Berkeley Seismological Laboratory, 215 McCone
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2U.S. Geological Survey, 345 Middlefield Rd., Menlo
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SDTM, Carnegie Instit. of Washington, Washington,
DC 20015
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5IGPP, University of California, La Jolla, CA 92093

‘We report on 5 borehole stations installed in the San
Francisco Bay area with strainmeters, seismometers,
pore pressure monitors, tilt sensors, GPS, and high-
frequency 24-bit recording systems. These “Mini-PBO”
stations are part of an NSF-funded project to develop
a pilot system for the study of transient plate bound-
ary deformation from fractions of seconds to years in
central California. We are currently resolving inter-
action problems, such as electical grounding, that are
typically encountered during the hookup of such com-
plex systems, and are in the initial stages of assessing
the data quality of the instrumentation. The tensor
strainmeters use the CIW hydraulic system to measure
the volume change in 3 sensing volumes that form 120-
degree sectors of an annulus, allowing the 3-component
horizontal strain tensor to be determined. The tensor
strainmeters, pore pressure monitors, and tiltmeters
appear to reliably measure tidal strain, and local and
teleseismic earthquake deformation. We will present
studies of noise spectra and tidal calibration to better
assess the performance of the strainmeters. We plan
to add pre-amplifiers to the 3-component 2-Hz veloc-
ity borehole seismic packages to improve the signal at
some of the stations where the microseismic noise peak
around 0.1 Hz currently is not evident. The GPS an-
tennas are mounted at the top of the borehole casings
in an experimental approach to achieve inexpensive yet
stable monuments. We will present noise studies that
compare their stability with more conventional monu-
ments. The lessons learned from the analysis and in-
tegration of the different data types produced by the
Mini-PBO project should pave the way for users of the
more extensive data sets that will be acquired through
the dense instrumentation deployments planned under
PBO.
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Crustal Deformation in the Basin and
Range: Recent Results from the
BARGEN Network and Questions for
the Future

James L Davis! (617-496-7640;
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lHarvard-Smithsonian Center for Astrophysics, 60
Garden Street, MS 42, Cambridge, MA 02138,
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2 California Institute of Technology, Division of Ge-
ological and Planetary Sciences, Pasadena, CA
91125, United States

As late as the mid-1990’s, our state of understand-
ing of crustal deformation within the northern Basin
and Range was quite poor. Prior space geodetic stud-
ies indicated that the integrated deformation across
this ~1000-km-wide zone was 10-12 mm yrfl, with
only one site (ELY) near the center of the province.
By 1998, however, continuous GPS had described the
major features of the horizontal velocity deformation
field near lat. 40° N, and by 2002 detailed horizon-
tal velocity fields from both continuous and campaign
GPS were available for both northern and central Basin
and Range. Studies now focus on the physical mecha-
nisms for both the broad-scale and detailed studies of
deformation patterns as they relate to individual faults.
These studies have highlighted a number of problems
to be addressed by PBO, including: whether or not
strain is localized along a small number of individual
faults, versus evenly distributed across most Quater-
nary faults; the relationship between past and present
strain and seismicity; the role of plate boundary forces
versus gravitational forces in controlling the deforma-
tion field; and the contribution of historic earthquakes
to the detailed deformation observed. With > 7 yrs
of continuous data from the BARGEN network, we are

now in a position to begin evaluating two important av-
enues of research, including transients or accelerations
in site motion, and the vertical component of deforma-
tion. A subset of BARGEN sites now shows temporal
variations in velocity that are as high as 0.4 mm yr72,
Although we do not yet know whether these motions
are related to tectonic processes, they have systematic
properties, including regional coherence and displace-
ments in accord with slip directions of nearby faults.
Vertical velocities show a broad pattern of subsidence
of ~1 mm yr—
+2 mm yr—1.
error on account of reference frame problems, the co-
herent variations of subsidence cannot be explained by
any long-term, steady-state geophysical process such
as thermal subsidence, erosion, or strain accumulation
along faults.

with coherent spatial variations of
Even if the overall subsidence is in
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Crustal Deformation of the Northern
Basin and Range from Measurement
with the Global Positioning System
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In northeast California, southern Oregon, and
northwest Nevada the three major plate boundary ele-
ments of western North America interact, exhibiting a
complex pattern of crustal deformation. Between lat-
itudes 40 — 44°N, deformation associated with trans-
lation of the Sierra Nevada microplate, the Cascadia
convergent margin, and the extending Basin and Range
province overlap. Boundaries for geodetic domains as-
sociated with each of these tectonic elements are not
well located, and as a result the contributions that each
component has on the broad pattern of crustal motion
are not well understood. To distinguish among vari-
ous influences on crustal motion in the northwestern
Basin and Range, a 700 km wide network of 86 geodetic
sites was established and surveyed in September, 1999,
and in June, 2003 with the Global Positioning System
(GPS). The network provides a first look at the plate
boundary scale deformation pattern of the northwest
Basin and Range. We report geodetic velocities and
strain rates inferred from the pattern of motion, and
use their spatial characteristics to infer the dynamic
sources of deformation. Locating the most rapidly de-
forming areas is necessary to guide the establishment
of future sites in the extensional tectonics cluster of
the nascent Plate Boundary Observatory. Results in-
dicate that velocities in the eastern half of our net-
work (between 114°W and 119°W longitude) are ap-
proximately 2-3 mm/yr westerly with respect to non-
deforming North America. Strain rates between 114° W
and 119°W are not resolvable, similar to GPS results
obtained from campaign and permanent sites east of
the Central Nevada Seismic Zone near latitude 39°N.
West of 119.5°W the velocity magnitudes begin to in-
crease and change to a more northwesterly azimuth,
again similar to the transition between roughly non-
deforming central Nevada and the Central Nevada Seis-
mic Zone seen at 39°N. Velocities in the northernmost
part of our network, near 43.5°N latitude, have a small
eastward velocity component, possibly showing the in-
fluence of the Cascadia convergent margin at least as
far east as longitude 120° W. Right lateral simple shear
deformation is observed near the southwestern part of
the network, and is most likely attributable to trans-
form motion between the Sierra Nevada microplate and
adjacent northeast California.

G32B-08 1525h

Before PBO: What Do We Know About
Ground Deformation in the Cascade
Range?

Daniel Dzurisin! (360-993-8909; dzurisin@usgs.gov)

Michael Lisowskil (360-993-8933;
mlisowski@usgs.gov)

Michael Poland! (360-993-8957; mpoland@usgs.gov)

Charles W. Wicks? (650-329-4874; cwicks@usgs.gov)

Angela K. Diefenbach® (509-899-2370;
angiedbach@hotmail.com)

lu.s. Geological Survey, David A. Johnston Cascades
Volcano Observatory, 1300 S.E. Cardinal Court,
Vancouver, WA 98683-9589, United States

2U.S. Geological Survey, MS 977, Menlo Park, CA
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Three of thirteen active volcanic centers in the Cas-
cade Range are known to be deforming and therefore
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are among the candidates for PBO instrument clus-
ters (i.e., concentrations of continuous GPS stations
and borehole strainmeters to be installed as part of the
Plate Boundary Observatory). At Three Sisters in cen-
tral Oregon, a broad area of uplift centered 5 km west
of South Sister volcano was discovered in April 2001
using satellite radar interferometry (InSAR). Subse-
quent InSAR, campaign GPS, continuous GPS, and tilt-
leveling observations indicate that the inflation is cen-
tered near 6 km depth, began in 1997 or 1998, and has
continued at a constant rate of 0.00540.001 kmS/yr.
The total volume increase through September 2002 was
0.027:£0.005 km?3. Results of the most recent (Septem-
ber 2003) campaign GPS and tilt-leveling surveys will
be reported at the meeting. Medicine Lake Volcano in
northeast California is known from repeated geodetic
leveling, campaign GPS, and InSAR observations to be
subsiding 84+1 mm/yr at the summit. A leveling sur-
vey in June 2003 between Tionesta and Alturas east of
the volcano suggests fault displacements of several cen-
timeters at three sites along the route since the previ-
ous survey in 1940. At Mount St. Helens in southwest
Washington, a 14-station Geodolite EDM network cen-
tered near the volcano and extending 30 km across and
90 km along the volcanic arc was established in 1982.
All 26 line lengths were remeasured in 1991, and 10
line lengths between 7 central stations were recovered
by GPS in 2000. Strain accumulation between 1982
and 1991 was dominated by areal dilatation (0.1540.06
pstrain/yr) in the central part of the network around
Mount St. Helens. No significant strain accumulation
was observed in the same area between 1991 and 2000.
A continuous GPS station (JRO1) located 9 km north
of the volcano is moving 8+1 mm/yr north-northeast
relative to interior North America, which is generally
consistent with rigid rotation of coastal Oregon as de-
termined from modeling of regional GPS-measured de-
formation. A dense 40-station campaign GPS network
around Mount St. Helens was established in 2000 and
remeasured in 2003. Preliminary results indicate no
significant deformation of the volcano beyond the 1980-
86 lava dome, part of which is subsiding 8 cm/yr. The
source of apparent far-field deformation is not yet clear.
InSAR observations show that thick 1980 deposits in
the North Fork Toutle River valley north of the vol-
cano are subsiding and presumably compacting a few
cm/yr.
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We combine both permanent and campaign GPS

data from mostly published work to infer a kinematic

solution within western North America plate bound-
ary zone. We interpolate 1603 GPS velocity vectors
to infer the horizontal velocity gradient tensor field,
which is important for both seismic hazards analysis
and for constraints on the dynamics. The interpola-
tion algorithm uses continuous bi-cubic splines on the
surface of a sphere. The GPS vectors are matched by
the model velocity field, in a specified reference frame,
in a weighted least-squares inversion. The reference
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