JA124 2004 Joint Assembly

Computing has the potential to facilitate deeper de-
grees of collaboration within the context of the GGP.
Through use cases which seek to identify core resonance
effects at semi-diurnal periods (e.g., Lumb et al., AGU
Monograph 72, 51-68, 1993) and earthquake activity,
various opportunities for Grid-enabling the GGP are
identified and prioritized. Because the High Energy
Physics community has figured so significantly in the
development of the World Wide Web and The Grid, a
Grid-enabled GGP also has the potential to play a role
in shaping the ongoing evolution of Grid Computing.
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Tectonic forces along thrust belts deform geological
layers to produce folds and later faults when stresses
exceed the failure stress. Evolution of such structures is
influenced by several factors including composition and
strength of geological layers, inhomogeneity in strength
(vertical and horizontal), geometry of the layers, and
boundary conditions. A comprehensive understanding
of the influence of these factors on the development of
folds and associated faulting is required to explain evo-
lution of these structures over geological time scale. To
achieve this understanding the finite element modeling
technique is used. The study focuses on the effect of
material strength and geometry of the layers on the de-
velopment of fold structures and related faults. For a
given boundary condition and geometry, it is observed
that geological layers with low strength thickens with-
out folding. In the case of high strength geological lay-
ers, folding is observed without significant thickening.
‘When the layers and the decollement are horizontal,
folding initiates in the middle of the unrestrained part
of the layer. When a ramp is included in the decolle-
ment folding initiates at the ramp. In all the cases
only one fold is produced except when vertical con-
centrated loads are applied that multiple folds are ob-
served. When basal friction between decollement and
the overlying layers is present, the layers thicken more
and amplitude of the fold is less than when no fric-
tion is present. In the case of extreme folding cracks
develop which may later evolve into faults, producing
fault-bend folds.
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The paper presents numerical results for the solu-

tion of the altimetry-gravimetry boundary value prob-
lem along a mountainous coastline. The solution
uses spherical Shanon wavelets based on the Abel-
Poisson kernel and spherical pseudo-diffferential oper-
ators. The orthogonality of Shanon wavelets can be
used for the numerical solution, overcoming some tech-
nical problems with generally non-orthogonal spheri-
cal wavelets. A numerical experiment has been con-
ducted in the western coast of Canada and the US
and the results have been compared with the geoid
heights computed from gravity anomalies by applying
1D FFT spherical Stokes convolution with 50 km in-
tegration radius and with the most recent Canadian
geoid (CGG2000). Significant effects of compatibility
are expected in this mountainous coastal region. The
smoothness effects on the solution are discussed and
conclusions are drawn about the quality of the numer-
ical solution obtained.
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The National Geospatial-Intelligence  Agency
(NGA) has an ongoing massive collection and evalua-
tion effort of terrain and gravimetric data to support
navigation. This presentation will concentrate on the
methods and findings of the data error analysis in
ocean areas. NGA has devised a method of error anal-
ysis, which used differences between altimetry-derived
gravity anomalies and its marine, submarine, and air-
borne survey gravity anomalies. Comparisons with
both gridded and point gravity anomalies and how the
results differ with respect to bathymetry, significant
wave height, ice coverage, roughness, coast line vari-
ables, and the accuracy of the gravity anomalies will
be presented. In recent years NGA has helped other
geodesist design, test, and tune their procedures by
comparing altimetry derived gravity anomaly sets in
development using its data holding and analysis tools.
This has resulted in significant overall improvement
and dramatic improvement in the reduction of outliers
(spikes), in shallow water areas, and in high frequency
areas. Overall improvement and improvement in shal-
low water areas will be discussed. NGA has applied
this same method of data analysis to bathymetric
depths. It used comparisons of gridded bathymetry
files derived from altimetry and ship soundings and
from ship soundings alone with point depth sound-
ings. There will be a discussion of how the results
differ with respect to such variables as roughness, plus
examples of how the analysis can be used to identify
bad tracks in the point depth data. The results from
the gravity anomaly analysis created certain expec-
tations for the bathymetric results. There were some
surprises. The results of using the two bathymetry
grids will be discussed as well as the results using the
two altimetry-derived grids (i.e. the gravity anomaly
and depth grids). NGA is excited about methods of
estimating bathymetry from a combination of satel-
lite altimetry and ship depth soundings and in new
developments in determining depths in shallow water
using LIDAR or motion imagery. NGA looks forward
to collaborating on improvements in the methods of
computing bathymetry depths, as it did with improve-
ments in methods of computing gravity anomalies.
The presentation will conclude with a discussion of
the advantages of using comparisons with point data,
the complications introduced by using point data of
varying quality, and what must be done to resolve the
complications.
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The Princess of Acadia is an on-going GPS project
in which a GPS receiver and meteorological station
have been placed on-board the ferry the Princess of
Acadia, which crosses the Bay of Fundy, in the East-
ern coast of Canada, on a regular basis. A network of
static continuous GPS receivers collocated with mete-
orological stations and tide gauges have also been in-
stalled. The project aims at studying high-accuracy
GPS carrier phase relative positioning and navigation
under variable weather environment, integration of ver-
tical reference frames and local and tidal effects. This
presentation will describe the project and its intended
goals. Results will be presented coming from prelimi-
nary analysis of GPS data sets, tidal records and search
for possible multipath signature in the GPS stations.
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In this paper, we employ historical tide gauge
records and precise relevelling data in Eastern Canada
to detect the glacial isostatic adjustment (GIA). The
study region lies immediately outside of the Lauren-
tide Ice covered area at the last glacial maximum. As
the ice sheet began to decay, leading to the postglacial
rebound of the crust in the Laurentide region, the fore-
bulge began to collapse to supply the mass required to
produce the uplift in the central region. Therefore, the
geodetic data in this region primarily show the glacial
isostatic submergence. The analysis of the tide gauge
data set for the east coast is based upon monthly mean
sea level linear trends. These are then treated using dif-
ferencing method, in which the trend value at one gauge
is considered as a point vertical velocity input and the
rest of the records are differenced to cancel out the lo-
cal variations of the sea level. Special attention is also
paid to the contribution of other vertical movement ef-
fects such as sediment subsidence. Eustatic water rise
is then removed from the records to obtain the post-
glacial rebound signal. Precise relevelled sections in
Maritime Provinces are also used to compute the time
variations of the regional tilt. We perform a prelimi-
nary comparison between the geodetic results and GIA
models. The comparison is based on geodynamic in-
terpretation of the observables in terms of the uncer-
tain parameters in the GIA models, such as viscosity
and lithospheric thickness. We then fit a vertical ve-
locity surface in the form of a two dimensional alge-
braic polynomial over the sea level linear trends and
levelling height difference differences. The results are
presented in the form of a map for Maritime Provinces.
‘We show that it provides useful constraints for the eval-
uation and/or refinement of postglacial rebound mod-
els. Keywords: Glacial isostatic adjustment, vertical
crustal movement model, precise levelling data and tide
gauges records
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The solution to the sea-level equation describing
the redistribution of glacial melt water in the oceans
is implemented in conjunction with the spectral-finite
element method (Martinec, 2000) of modelling glacial-
isostatic adjustment (GIA). The main feature of this
method is that it solves the field equations governing
GIA in the time domain, where a radially symmetric,
self-gravitating, incompressible earth model consisting
of a fluid core, a Maxwell-viscoelastic lower and upper
mantle, and an elastic lithosphere has been adopted
in the present study. The additional contribution to
sea-level caused by the variation of the Earth’s rota-
tion due to the ice-water mass redistribution is deter-
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mined by means of the Liouville equation. For pre-
dicting the GIA-induced sea-level change, three differ-
ent global models of the Pleistocene deglaciation and
several viscosity stratifications are used. We compare
the predicted postglacial sea-level change induced by
the Pleistocene deglaciation with a set of globally dis-
tributed sea-level index points and evaluate the accept-
ability of the underlying earth and ice models. The
best-fitting models are employed to remove the GIA-
induced contribution to the recent sea-level change
recorded by a set of Fennoscandian tide-gauge sta-
tions. In future studies, the reduced tide-gauge trends
may serve as a datum when studying the relation be-
tween recent ice-mass change and absolute sea-level
rise. Martinec,Z., 2000. Spectral-finite element method
approach to three-dimensional viscoelstic relaxation in
a spherical earth. Geophys. J. Int., 142, 117-141.
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The intepretation of sea-level indicators (SLIs) in
terms of glacial-isostatic adjustment (GIA) has usually
been based on neighbouring SLIs grouped into a sin-
gle sea-level curve, which is then assumed to represent
the Holocene sea-level change in that region. In this
method, the nominal height and age of a particular SLI
are the only characteristics considered in the inference
of the former sea-level height. However, only isolation
basins yield a narrow range for sea level, whereas SLIs
based on samples, such as flotsam, shells or peat, only
allow the determination of an upper or lower bound or
a range for it. To use also these types of sample prop-
erly, we have developed a clas ation scheme based on
Fuzzy logic. After the defintion of appropriate member-
ship functions, this method leads to a more systematic
and realistic interpretation of the large amount of SLIs
available. We apply this method to SLIs from several
regions in Canada and demonstrate how it modifies the
inference of GIA for a particular region and, thus, the
determination of mantle viscosity.
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We review the history of analyses of the tide-gauge
record for Churchill, Manitoba, and advance a new
analysis of the record using a longer time series than
that available to Tushingham (1992). The sensitivity
of the mean rate of relative sea-level change obtained
to the averaging procedure employed is demonstrated
by calculating rates for sliding observation intervals
of variable widths. After that, the 'best’ mean rate
of relative sea-level rise is compared with estimates
of the mean rate of land uplift and the mean rate of
gravity change based on GPS and absolute gravimetry
data, respectively. As an additional type of observa-
tion, the postglacial relative sea-level change obtained
from paleo-shoreline evidence in the Churchill region
is also included. Assuming that the governing process
is glacial-isostatic adjustment, a joint inversion of the
four types of data return upper- and lower-mantle vis-
cosities of about 3 X 1020 pa s and > 5 X 1021 pa s,
respectively.
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The response of viscoelastic (VE) half-space models
to time dependent surface loading was analyzed using
both a semi-analytical and numerical approachs. The
models solved were (1) an elastic layer resting on a
VE half-space and (2) a three layer lithosphere, con-
taining a crustal low viscosity zone, resting on a half-
space mantle.
lems were solved using Propagator Matrix methods (an

First, the corresponding elastic prob-

exact analytical approach) or shooting methods (using
an ODE solver). Then, the Correspondence Principle
was employed to transform the elastic solutions into
their corresponding VE solutions for a given model rhe-
ology. The Correspondence Principle involves invert-
ing the Laplace Transform of the time domain solu-
tion using the calculus of residues. In the first model,
a comparison was made between Maxwell and Burgers
Body rheologies for the VE half space. The poles were
investigated to determine their characteristics in the
wavenumber domain and under what conditions they
have imaginary parts. In the second model, the effects
of the crustal low viscosity zone on the ratio of the
vertical to horizontal displacements was investigated in
an attempt to reconcile the difference between observa-
tions and current model predictions.
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Tide gauge records, multi-epoch precise levelling,
and time series of GPS data have revealed both vertical
and horizontal movements of the Fennoscandian crust
due to glacial isostatic adjustment. The oval-shaped
uplift area has an extension of 1750 by 1000 km with
the major axis oriented approximately northeast. Max-
imum uplift (1 cm/yr) is observed in the northern part
of the Bothnian Bay, reducing to less than 1 mm/yr at
the western coastline of Norway Denmark and Baltic
countries. Existing time series of relative and absolute
gravity for a few sites and GIA model calculations indi-
cate an annual gravity change of -2 pgal/yr in the cen-
tral uplift area. Detection of this phenomenon is within
reach of FG-5 absolute gravimeters, but may require a
time series of 5 years or more. Similarly the geoid rate
cexpected to peak at 0.6 mm/yr may be determined by
gravimetric satellite missions. Cross-validation of the
space and terrestrial observations will play a central
role in the project. Initiated by Institut fiir Erdmes-
sung, a multi-national cooperation has been set up for
frequent collection of absolute gravity data in a dense
Fennoscandian network. Three recently acquired FG-5
absolute gravimeters (by the University of Hannover,
the Finnish Geodetic Institute, and the Agricultural
University of Norway) will visit 30 sites annually in
Denmark, Finland, Norway, and Sweden, some by sev-
eral instruments for comparison purposes. The first ob-
serving run was carried out in 2003, which also included
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the participation of BKG, Germany. The national map-
ping agencies in all four countries have made observing
sites available to the project, and even prepared new
sites. This poster describes the present status of the
project.

G41B-02 0830h POSTER

Absolute Gravity and Global
Positioning System Measurements of
Glacial Isostatic Adjustment in
Eastern Canada

Joseph A. Henton! (1-613-992-4035;

jhenton@NRCan.gc.ca); Jacques O. Liardl;

1

Michael R. Craymer); Thomas JamesZ Carey G.

1

L. Gagnonl; Barl Lapelle!

1Natural Resources Canada, Geodetic Survey Divi-
sion, 615 Booth Street, Ottawa, ON KI1A 0E9,
Canada

2Natural Resources Canada, Geological Survey of
Canada, Pacific Geoscience Centre, Sidney, BC V8L
4B2, Canada

The Nouveau Quebec-Labrador region was the site
of one of the major ice domes of the Laurentide Ice
Sheet and is currently experiencing postglacial re-
bound. For this region the highest observed uplift rates
are in the vicinity of James Bay through to southwest-
ern Labrador; the rates then decrease to the south and
towards the coastal Atlantic margins. High-precision
geodetic observations are providing a useful and ac-
curate method of measuring the pattern and rates of
contemporary uplift in this area. In order to monitor
the temporal variations in gravitational potential re-
sulting from regional glacial isostatic adjustment, an
array of absolute gravity (AG) sites have been estab-
lished in northern Quebec. Acquired in late 1985, the
JILA-2 absolute gravimeter operates by using the free-
fall method. This instrument has been continually up-
graded since its acquisition with new computer control,
new lasers, GPS clock, new timing electronics, and an-
cillary equipment. These upgrades were necessary in
order to make it more efficient, field-worthy, lighter
and easier to use. Indeed for the sites of the James
Bay/Nouvelle Quebec Region, JILA-2 is generally oper-
ated within a tent in an often challenging environment.
Absolute-gravity field stations are all co-located with
sites of the Canadian Base Network (CBN). Initiated in
1994, the CBN is a network of pillar monuments with
forced-centering plates for Global Positioning System
(GPS) receiver antennae. Accurately positioned three-
dimensionally with GPS, the CBN can serve as a moni-
toring network for deformation studies of the Canadian
landmass. Issues such as mass redistribution or changes
in density contrasts within the Barth may be better ad-
dressed by monitoring positional changes (i.c., primar-
ily height changes) and integrating these observations
with gravitational variations. The comparison of the
temporal rate of change of gravity with the GPS height
rate is thus highly desirable. Recent velocity estimates
based on both the multiple-epoch GPS network surveys
as well as the preliminary results from absolute-gravity
trends indicate regional uplift. These preliminary re-
sults also exhibit general agreement among the uplift
rates for GPS radial velocities, gravity trends, and pre-
dictions of vertical crustal motion from postglacial re-
bound models. Finally, in order to densify the array
of AG stations and facilitate comparisons with GPS-
determined rates, planning is now underway for the oc-
cupation of all suitable CBN sites with an A-10 (Micro-g
Solutions) absolute gravimeter.
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We present results based on forward modelling of
signatures related to present and past variations of the
Antarctic Ice Sheet. Our calculations are organized ac-
cording to the time scale of the ice-mass change. First,
we implement seasonal and secular ice-mass imbalances
acting on an elastic earth. Then, the elastic earth is re-
placed by a viscoelastic earth, and the glacial-isostatic
adjustment due to global Pleistocene deglaciation sce-
narios is calculated. We predict the resulting geoid-
height change and vertical crustal motion for Antarc-
tica and discuss whether the signals generated are suf-
ficiently large to be detected by the GRACE satellite
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