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Active tectonics in northern Victoria Land (Antarctica) inferred
from the integration of GPS data and geologic setting
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[1] A semipermanent Global Positioning System (GPS) network of 30 vertices known as
the Victoria Land Network for Deformation Control (VLNDEF) was set up in the Austral
summer of 1998 in northern Victoria Land (NVL), including Terra Nova Bay (TNB),

Antarctica. The locations were selected according to the known Cenozoic fault framework,
which is characterized by a system of NW-SE regional faults with right-lateral, strike-slip

kinematics. The TNB1 permanent GPS station is within the VLNDEF, and following

its installation on a bedrock monument in October 1998, it has been recording almost
continuously. The GPS network has been surveyed routinely every two summers, using
high-quality, dual-frequency GPS receivers. In this study we present the results of a
distributed session approach applied to the processing of the GPS data of the VLNDEF.
An improved reference frame definition was implemented, including a new Euler pole,
to compute the Antarctic intraplate residual velocities. The projection of the residual
velocities on the main faults in NVL show present-day activities for some faults, including
the Tucker, Leap Year, Lanterman, Aviator, and David faults, with right-lateral strike-slip
kinematics and local extensional and compressional components. This active fault
pattern divides NVL into eight rigid blocks, each characterized by its relative movements
and rigid rotations. These show velocities of up to several millimeters per year, which
are comparable to those predicted by plate tectonic theory at active plate margins.

Citation: Dubbini, M., P. Cianfarra, G. Casula, A. Capra, and F. Salvini (2010), Active tectonics in northern Victoria Land
(Antarctica) inferred from the integration of GPS data and geologic setting, J. Geophys. Res., 115, B12421,

doi:10.1029/2009JB007123.

1. Introduction

[2] The East Antarctic craton has long been considered a
stable continent that is surrounded by passive margins [e.g.,
Cande et al., 2000]. The tectonic setting of northern Victoria
Land (NVL) contrasts with this picture. A set of NW-SE
striking, regional faults cuts across NVL and connects to the
fracture system of the Southern Ocean: the Balleny and
Tasman Fracture zones [Salvini et al., 1997; Storti et al.,
2007; Faccenna et al., 2008]. Recent geologic investiga-
tions have shown that some of these faults were active in
Upper Cenozoic time [Di Vincenzo et al., 2004]. Further-
more, the pattern of the main glaciers in the region has been
strongly influenced by these faults [Salvini and Storti,
1999]. The recent and active volcanoes along these gla-
ciers and the seismic activity associated with them strongly
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suggest the presence of active tectonics in NVL. All of this
neotectonic evidence favors the hypothesis that at least some
of these faults are active.

[3] The use of space geodesy can provide the data
required to define the role of the fault set within the present-
day active tectonics of NVL. Over the last few years,
enlargement of the GPS satellite system, improvements in
the global continuous GPS tracking network, use of more
sophisticated space vectors and atomic clocks, and rapid
improvements in the Global Navigation Satellite System
(GNSS) have all provided improvements to global plate-
velocity site measurements, global reference-framework
definitions, satellite orbits, and other global Earth-orientation
parameters. At the same time, the establishment of several
worldwide regional permanent and semipermanent networks
of GPS stations has increased the number of stations
available for linking various observations [Serpelloni et al.,
2006; Casula et al., 2007]. In addition, the quality of the
data from modern dual-frequency receivers has benefited
from several technological improvements, including increases
in the numbers of channels and in the internal memory.

[4] These systematic observations for spatial geodesy in
Antarctica began during the Australian summer of 1990-1991
[Capra et al., 2007] in the framework of the Scientific Com-
mittee on Antarctic Research (SCAR) surveys, to study the
geodynamics of the area, to estimate the crustal deformation,
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and to compute an improved reference frame [Dietrich et al.,
2001, 2004; Manning et al., 2005]. Following these trends,
within the Italian National Research Project in Antarctica,
Capra et al. [1996] planned and realized the application of
GPS technology and other geodetic facilities in NVL, East
Antarctica.

[5s] Since the 1998 Austral summer, geodetic infra-
structures have been installed in the area of Terra Nova Bay
(TNB), in NVL, East Antarctica. The semipermanent GPS
network of the Victoria Land Network for Deformation
Control (VLNDEF) consists of a total of 30 stations
installed since the Austral summer of 1999-2000, and it was
specifically designed with the aim of estimating crustal
deformation in this region [Capra et al., 2004, 2007]. At
least four complete seasonal campaigns (1999, 2001, 2003,
and 2007) and a set of continuous observations for the
TNB1 permanent GPS site have been collected over this
time span, from 1999 to the present.

[6] The aim of the present study is twofold: first, to
publish the results obtained from the integrated processing
of data in the VLNDEF GPS network and, second, to define
the tectonic interpretation of these results in the active tec-
tonic setting of NVL.

[7] A new definition of the Euler pole for Antarctica was
computed and used to remove the inherently rigid rotation of
the plate, so that intraplate velocities can be estimated for
use as input observations for the tectonic interpretation of
the NVL area. Our results show that some of the main
regional faults that characterized NVL had significant
movement along their segments over this observation
period, and thus the kinematics found fully confirm that the
reorganization of the plate tectonics that started in the late
Oligocene period (approximately 40 Ma) in the Australia—
Southern Ocean—East Antarctica system is still ruling the
tectonics in NVL, with right-lateral, strike-slip, intraplate
faulting with velocities comparable to those predicted at
plate boundaries by plate tectonic theory.

2. Geologic and Geodynamic Setting

[8] The present-day geologic framework of NVL (Figure 1)
is the result of long tectonic evolution that has been domi-
nated by a system of NW-SE elongated faults; these have
been intermittently active since the lowermost Paleozoic
period [e.g., Bradshaw et al., 1985; Borg and Stump, 1987,
GANOVEX Team, 1987; Kleinschmidt and Tessensohn,
1987]. Previous studies have recognized that at least two
of these faults (the Leap Year and Lanterman faults) rep-
resent the boundary between terranes that were juxtaposed
during the Ross Orogeny in the Cambro-Ordovician period
(about 480 Ma) [GANOVEX Team, 1987, and references
therein]. Three major terranes have been identified: from the
SW to the NE, the Wilson, Bowers, and Robertson Bay
terranes.

[s] The outcrops of the Wilson Terrane are characterized
by high to suborderly, low-grade metamorphic rocks of the
Neoproterozoic to Early Paleozoic period, which are deeply
intruded by granitoids of Granite Harbour intrusives (500—
480 Ma [Gunn and Warren, 1962; Borg and Stump, 1987]).

[10] The Bowers Terrane consists of Cambrian low-grade,
meta-volcanic, and meta-sedimentary rocks that are derived
from an oceanic environment [e.g. Weaver et al., 1984, and
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references therein]. Of note, the Lanterman Fault, which
represents the boundary between these two terranes, is
characterized by a belt of mafic to ultramafic rock with
eclogites [Ricci et al., 1996] and relatively limited over-
thrusts (Mt. Murchison Thrust), both of which testify to the
strong activity of this fault during the juxtaposition.

[11] The Robertson Bay Terrane consists of a thick suc-
cession of very low grade metaturbidites of the Cambro-
Ordovician period [Wright et al., 1984]. The progressive
peneplanation of the Ross Orogen produced a series of
erosional surfaces up to the Permian and the sub-Beacon
peneplains. During this process, in Devonian-Carboniferous
time (350 Ma), a new tectonic event was responsible for a
granitoid intrusion episode that almost exclusively involved
the NE sector of NVL (i.e., the Robertson Bay and Bowers
terranes). In Permo-Triassic time the deposition of sand-
stone and conglomerates of the Beacon Supergroup [Barrett
et al., 1972] confirmed that the peneplanation was complete.
Continental deposition was followed in Jurassic time by
tholeiitic magmatism (mostly volcanites), Ferrar dolerites,
and Kirkpatrick basalts of the Ferrar Supergroup [Grindley,
1963]. This magmatic event is referred to as the initiation of
the Australia—East Antarctica rifting, and it was followed in
Cretaceous time by the development of a major faulting
tectonic event. This latter resulted in the opening of the Ross
Sea basin and initiation of drifting between Australia and
East Antarctica. A series of what are today N-S oriented
basins within the Ross Sea allows us to guess at the
extension direction at that time. It is important to note here
that at the initiation of and during the rifting process, the old
regional sutures (the NW-SE fault system today) repre-
sented a series of correctly oriented corridors of crustal
weakness, and they favored development of the transform
faulting and fracture zones that are required for the plate
tectonic geometry of the Australia—East Antarctica drifting.
As a result, the main transforms (such as the Tasman and
Balleny fracture zones) are located on offshore projections
of the main NW-SE faults onshore (Figure 1).

[12] By its inherited character, the Australia—Southern
Ocean—East Antarctic plate tectonic framework has been
characterized by the presence of a series of weak corridors
deeply inside the continental lithosphere in the Cenozoic
[Storti et al., 2007]. As expected, there is a similar evolution
on the Australian projection of these fracture zones, both
offshore and onshore, that is, the Newer Volcanic Province
[Lesti et al., 2008].

[13] The major plate tectonic reorganization and its
acceleration in the South and Southern Pacific oceans that
occurred during lowermost Late Cenozoic time (approxi-
mately 40 Ma) was eased by the reactivation along these
weak corridors. This was thus responsible for the important
right-lateral, strike-slip movements [Wilson, 1995; Paulsen
and Wilson, 2004] that added their transform component in
the Southern Ocean [Salvini et al., 1997; Rossetti et al.,
2003]. If these additional components were too difficult to
be separated from drifting in the oceanic crust, only the
strike-slip component propagated onshore. The result was
the development (or reactivation of inherited, weak corri-
dors) of the NW-SE, right-lateral, strike-slip system in
southern Victoria Land [Wilson, 1995] and NVL [Salvini
et al., 1997], as well as on the Australia side [Lesti et al.,
2008, and references therein]. A series of transtensional to
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Figure 1. Cenozoic tectonic map of the northern Victoria Land (NVL) region, redrawn from Salvini
et al. [1997], with the locations of the GPS network sites. The tectonic setting is characterized by a
series of reactivated regional faults with right-lateral, strike-slip kinematics. Inset: Location within the
map of Antarctica. The square marks the location of the area shown in Figure 2.
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Figure 2. Structural map of the Lanterman Range area,
modified from Rossetti et al. [2003] showing the trans-
pression and reverse faulting associated with the main right-
lateral, strike-slip motion along the Aviator and Lanterman
faults. Refer to Figure 1 for location.

extensional N-S basins is associated with the right-lateral,
strike-slip regime; this series is produced by interactions
between adjacent NW-SE faults that merge into the Ross
Sea rifting region to the SE. (Re-)activation of this fault
system and its interaction with the E-W extension have
resulted in the development of tholeiitic volcanism, which is
characterized by the development of central volcanoes at the
correct intersection of the main NW-SE faults, with the N-S
normal faults in between, for example, Mt. Melbourne
Volcano [Salvini et al., 1997; Salvini and Storti, 1999].
[14] Whether the Late Cenozoic tectonics are still active at
present in NVL is an open debate, although the age of the
volcanism and the glacier path following the NW-SE pat-
tern, which exactly matches the main faults, provide a strong
suggestion of recent activity [Salvini and Storti, 1999].
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[15] Investigations into the Lanterman Range area
(Figure 2) have indicated that right-lateral, strike-slip
motion is associated with local transpression and reverse
faulting with a brittle character along the western side of the
Lanterman Range, facing the Lanterman Fault [GANOVEX
Team, 1987; Roland and Tessensohn, 1987]. Apatite fis-
sion track analyses have confirmed a late Paleogene age
(38 Ma) for the start of the last uplifting episode, confirming
the activity age of the Lanterman Fault [Rossetti et al., 2003].

3. Victoria Land Network for Deformation
Control Data and the GPS Campaigns

[16] Since the establishment of the Geodetic Infrastructure
in Antarctica (GIANT) project in the framework of the
SCAR international program in 1992, and with the super-
vision of Antarctic Neo-Tectonics, a committee of specia-
lists, there has been a geodesy program with the following
objectives.

[17] 1. Creation of a common geodetic reference frame for
all of the scientists in Antarctica.

[18] 2. Global geodetic contributions based on the defi-
nition of the terrestrial-geodetic reference frame.

[19] 3. Monitoring services for the crustal deformations, in
terms of horizontal and vertical movements.

[20] Useful measures have been realized through different
techniques: very-long-baseline interferometry; Doppler orbit-
ography, and radiopositioning integrated by satellite, abso-
lute gravity, tide gauges; and GNSS [Capra et al., 2008]. In
1995 a series of periodic GPS measurement campaigns, the
SCAR GPS Epoch Project, was started, which was coordi-
nated by R. Dietrich of the T.U. Dresden (Germany), with the
aim of defining and maintaining the GPS Antarctic network
within the International Terrestrial Reference Frame (ITRF).
Following these measurement campaigns, the first perma-
nent geodetic GPS observatories were established in Ant-
arctica. Three years later, in 1998, in the framework of the
GIANT program of SCAR, the Italian permanent geodetic
observatory (ITRF code TNB1) was established in Antarc-
tica, near the Mario Zucchelli Station (MZS) of the Italian
scientific base in the area of TNB. In the period from 1999 to
2001 the VLNDEF geodetic network was finally created
(Figure 1).

[21] All of these infrastructures take part in the interna-
tional activities of the Polar Earth Observing Network
consortium, which is particularly interested in dynamic
knowledge of the polar areas and installation of permanent
observatories. The main purpose of the VLNDEF is to
detect neotectonic phenomena within the area of NVL and
to provide metric parameters for the definition of glacial
isostatic adjustment models. For these reasons, particular
attention has been paid to site choice and benchmark
materialization.

[22] The TNBI permanent GPS station is a part of the
VLNDEF, and it is equipped with an ASHTECH Z-XII-III
receiver and an ASH700936 Dorne Margolin antenna, with
a SNOW radome established by means of a reinforced
concrete pillar anchored directly to a granitic outcrop.
All of the instruments are contained inside a controlled-
temperature, thermally isolated shelter. Since the distance
between TNB1 and MZS is approximately 600 m, and since
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Figure 3. (a—e) Victoria Land Network for Deformation Control (VLNDEF) nonpermanent and
(f) TNB1 permanent GPS sites displacement time series. North, east, and vertical components are repre-
sented in sequence. Values represent deviations from trend.

TNBI1 is a permanent GPS station with continuous data
acquisition, a direct cable connection to electrical power at
the MZS base was established, 24 h per day, 365 days per
year. Data recorded at TNBI are saved daily to a hard disk
device inside the MZS station, which is directly connected
to a GPS receiver by modem, with a yearly download for
processing the data during seasonal Italian scientific
expeditions. The typology of the construction has provided
evidence of very high stability at the site, considering the
results of a time series analysis of the data (Figure 3).

5 of

[23] Other benchmarks of the VLNDEF have been
defined, by considering that the GPS campaigns should be
held periodically, with the purpose of minimizing errors due
to antenna height measurements. Following these indica-
tions, we decided to install a benchmark comprising a
stainless-steel pillar firmly anchored to the rock outcrops,
with a 5/8 inch screw at the top, which made it possible to
screw the choke-ring antenna directly to the benchmark
itself.

[24] With the aim of defining a dynamic tectonic model of
NVL, the choice of the network benchmark site was deter-
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Table 1. Victoria Land Network for Deformation Control (VLNDEF) Nonpermanent Stations for the Number of Daily

Sessions per Site During These Antarctic Campaigns

Antarctic Campaign

Site 1999-2000 2000-2001 2002-2003 2003-2004 2004-2005 2005-2006
VLO1 2 57 55 170 12
VLO02 8 36 13
VLO03 9 16 22
VL04 4 18 5
VLO5 5 50 17 35 65
VLO06 1 7 8 35 17
VLO7 8 2 21 17
VLO08 4 2 9 13
VL09 10 19 13
VL10 8 25 36 44
VLI11 3 1 9 17
VL12 8 31 29 69 62
VL13 4 5 11 13
VL14 12 20 26 36 52
VLI15 6 11 8 7
VL16 8 14 12 13
VL17 7 17 9 46 13
VL18 4 10 7 13
VLI19 4 8 53 11
VL20 2 4
VL21 5 4 10
VL22 6 7 9
VL23 40 20 6
VL24 6
VL25 9
VL27 1 7
VL29 4 5 11
VL30 2 5 5
VL32 2 15 22

mined on the basis of the Cenozoic tectonics derived from
previous geologic studies [Salvini et al., 1997]. Other fun-
damental logistics were also taken into account, such as the
presence of stable outcrops, the full visibility of the sky, and
the possibility of accessing the site through landing of a
helicopter. The VLNDEF spans an area that extends for
approximately 700 km in the N-S direction and approxi-
mately 300 km in the E-W direction, with a mean distance
between sites of roughly 60 km (Figure 1).

[25] In the southern part of NVL the VLNDEF partially
overlaps with the TransAntarctic Mountains Deformation
Network, which was established by Ohio State University
and the U.S. Geological Survey for studying crustal defor-
mation and tectonic settings in the area of southern Victoria
Land [Willis et al., 2006; Wilson et al., 1999].

[26] Since the establishment of VLNDEF in 1999, six
periodic GNSS measurement campaigns have been under-
taken (Table 1). During each campaign, different types of
instruments and antennas have been used (e.g., Trimble,
Ashtech, Topcon). Simultaneous acquisitions have been
performed by dividing the overall network into clusters,
with the aid of daily sessions, with cutoff angles of 10° and
a 15 s data-acquisition rate.

4. GPS Data Analysis and Methodology

4.1. General Description

[27] GPS measurements in the VLNDEF have been car-
ried out with two tasks in mind: (i) to obtain information
regarding the movement of the Antarctic plate with respect
to the Pacific plate, by improving our knowledge of the

position and velocity of the rotation pole; and (ii) to estimate
intraplate movements in the area of NVL more precisely.

[28] To accomplish these tasks, we used a set of redundant
GPS measurements taken from the Antarctic and peri-
Antarctic stations over a time span of approximately 7 years,
together with GPS observations of nonpermanent sites. Addi-
tionally, GPS observations performed using the VLNDEF
vertices were carried out annually, and sometimes biannu-
ally (i.e., 1999-2000, 2000-2001, 2002-2003, 2003-2004,
2004-2005, 2005-20006), using daily sessions for a period of
at least 10 continuous days (Table 1). The simultaneous
recordings of at least seven GPS receivers per day provided
a particularly effective application for data processing. The
main problem during GPS data processing for an Antarctic
network (i.e., VLNDEF) is a loss of connection of these
dense nonpermanent stations to the network and to the peri-
Antarctic stations located in Oceania, Africa, and South
America; because of the extreme flexibility of the distrib-
uted-sessions approach, this problem has been solved. As
determined from the literature [Dong et al., 1998; Serpelloni
et al., 2006; Casula et al., 2007], such a strategy is based on
the creation of daily loose-constraint solutions, called quasi-
observations (h-files), by means of the GAMIT/GLOBK
10.3 modules of the Massachusetts Institute of Technology
[Herring et al., 2006a, 2006b] and by involving in these
solutions both the nonpermanent stations of the VLNDEF
and some Antarctic and peri-Antarctic stations of the
VLNDEF and International GNSS Service (IGS).

[29] In the following steps the observations were computed
by means of a robust combination of quasi-observations,
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using solutions computed by other analysis centers, like the
Scripps Orbit and Permanent Array Center (http://garner.
ucsd.edu). The process consisted of using solutions (quasi-
observations) obtained using precise orbits and solutions
with at least two or three permanent, common stations. At
this stage stochastic model consistency was verified by
evaluation of the stochastic parameter y?, which was used to
weight the observations. During the third and final step the
adjustments of the combined solutions were determined,
together with their stabilization and georeferring in the global
ITRF2005 [Altamimi et al., 2007]. Using this approach, it was
possible to remove the rigid rotation of the plate using a
general definition of the Euler vector, which represents the
rotation of the Antarctic Plate with respect to the Pacific
Plate. This was given by Altamimi et al. [2007] for global
determination of the ITRF2005.

4.2. GPS Data Processing Strategy

[30] As stated, the GPS data processing was performed
using the GAMIT/GLOBK software (version 10.3) devel-
oped at the Harvard Smithsonian Center of Astrophysics,
Massachusetts Institute of Technology, and the Scripps
Institution of Oceanography, University of California, San
Diego. This software is composed of several routines for
GPS processing and data modeling that are sequentially
applied following different steps, with the aid of Unix c-shell
facilities. At the beginning, double-differenced, iono-free
combinations were used to compute loosely constrained
daily solutions with coordinates, orbits, atmospheric delays,
integer ambiguities, and variance-covariance matrices.

[31] Owing to the nonlinear nature of the equation-related
observables, an iterative procedure was used to improve the
coordinate solutions by applying a weighted least-squares
algorithm at least twice. With this approach, the residuals
were reduced from centimeters to millimeters. Cycle slips
were detected and repaired or removed using a cleaning tool
for observable automatic editing. Ambiguities of double
differences were solved using the Melbourne-Webbena
wide-lane linear phase-code combination. The IGS precise
orbits were used. Other dynamic models were initially
considered: the default gravitational field IGS/International
Earth Rotation and Reference Systems Service (IERS) 1992
model [McCarthy, 1996] and the nongravitational acceler-
ation of satellites model [Colombo, 1986; Beutler, 1994].

[32] Atmospheric gradients and zenith delays were esti-
mated to consider the effects of azimuthal asymmetry, using
a piecewise linear function over the observation time period.
The default models for the dry and wet components of
atmospheric delays were used in a subsequent step, as
described by Saastamoinen [1972]. The a priori model
adopted for zenith delay correction was the global pressure
and temperature model developed by Boehm et al. [2006a].
This model is based on the fit of spherical harmonics to
meteorological data, and it generated surface pressure and
temperature values as a function of location and time. In
particular, we used site-by-site values of zenith delay cor-
rections, extrapolated from a global grid a priori file gen-
erated by the Vienna mapping function [Boehm et al.,
2006b].

[33] Because of the mixed antenna-receiver types used in
this network, we used the new (2006-2007) absolute phase
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center corrections of satellite and receiver antennas. The
ionosphere contribution was greatly reduced through the use
of iono-free linear combinations, and it was modeled and
stochastically adjusted. The IERS/IGS 2003 models for
diurnal, semidiurnal, and terdiurnal solid earth tides
[McCarthy and Petit, 2004] were determined, and pole-tide
corrections were applied according to the IERS standards
[Dong et al., 2002; Herring et al., 2006]. The ocean-loading
tide effect was modeled using the FES2004 tide model
produced at Centre National d’Etudes Spatiales [Lyard
et al., 2006].

4.3. Solution Editing and Error Analyses

[34] Data preprocessing was operated through the tsview
facility using the GAMIT/GLOBK package [Herring, 2003]
to estimate gross sources of errors, such as outliers and
offsets. The output of the tsview package was suitably for-
matted and used as input for the GLOBK package. To
obtain more realistic error ellipses (for semipermanent
GPS sites), we took into account the time-correlated
sources of errors using the global Kalman filter [Casula
et al., 2007].

[35] In the literature several approaches have been
developed to account for the noise of GPS time series [Mao
et al., 1999; Dixon et al., 2000; Mazzotti et al., 2003;
McClusky et al., 2000, 2003; Williams et al., 2003; Reilinger
et al., 2006; Williams, 2008]. As is well known, the position
time series of data on permanent GPS sites are influenced by
noise that can be described in the frequency domain as a
power-law function with a spectral index k that varies
between 0.5 and 2.0 [Williams, 2003]. By using this
approach, we identified three components [Mao et al., 1999]:
a white noise with £ = 0 and, for instance, no frequency
dependence; a flicker noise with £ = —1, which was
Gaussian and depended on the period of some natural
phenomena, such as atmospheric seasonal effects and orbital
or tidal disturbances; and random-walk noise with a spectral
index of k£ = —2, which was generally neglected, but was
largely due to the monuments, and was sometimes seen after
approximately 2 years of recordings. According to the lit-
erature, it is clear that a better estimate of noise in the GPS
position time series has been reflected in more realistic error
ellipses of the velocity field. In the present study we used
different approaches to account for errors in the GPS time
series. These included the Herring tsview real o option of
robust fit; the Mao et al. [1999] approach, using the for-
mulas of Dixon et al. [2000] and Mazzotti et al. [2003]; and
finally, the Create and Analyze Time Series (CATS) pack-
age [Williams et al., 2004; Williams, 2008], with a noise
power law of k = 0.2 applied to the TNB1 continuous GPS
station, to account for the correct levels of noise. For the
latter case we found that the error ellipses obtained with
the GLOBK package were comparable with estimates of the
CATS package, which uses the maximum likelihood
method (Table 3, Figure 3).

5. Discussion

5.1.

[36] To define the internal constraints for our solutions,
we used data from seven Antarctic IGS permanent GPS

Reference Frame Definition
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Figure 4. Absolute horizontal velocity vectors (mm/yr) for
the 2005 International Terrestrial Reference Frame (ITRF),
calculated at each site of the VLNDEF, with their associated
error ellipses; 95% confidence ellipses, 20.

stations, four Antarctic permanent GPS stations belonging to
the TransAntarctic Mountains Deformation Network project,
and seven peri-Antarctic permanent GPS stations belonging
to the IGS global network. The loosely constrained daily
estimates for station coordinates (h-files) were successively
aligned into ITRF2005 [Altamimi et al., 2002, 2007] using a
Helmert transformation.

[37] A distributed session approach (similar to sequential
least-squares minimization) using sequential Kalman filter-
ing was applied (considering the x> parameter) to estimate
the level of data fitting [McClusky et al, 2000, 2003;
Reilinger et al., 2006]. Finally, the total adjusted solution
was obtained in terms of coordinates and velocities, and daily
coordinate estimates were given in the same reference frame
(ITRF2005). The resulting horizontal absolute velocities are
shown in Figure 4, with the 95% confidence ellipses [ Wessel
and Smith, 1998]. Obviously, neither the definition of the
Nuvel-1A [4rgus and Gordon, 1991] nor the general defi-
nition of the Euler pole given by Altamimi et al. [2007] in
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the ITRF2005 was sufficient to completely remove the
inherent rigid rotation of the Antarctic plate from the GPS
site velocity field. For these reasons we estimated a Euler
pole with the aid of the plate tool of the GLOBK package, to
best fit and correct the rotation of the Antarctic plate and to
invert the intraplate residual velocity field of the VLNDEEF.

[38] To infer rigid motion of the plate we defined the
Antarctic plate by choosing nine of the more stable IGS
permanent GPS stations. This was based on their intraplate
residual velocities, which were obtained by a preliminary
computation that used the rotation rate defined by the
Altamimi ITRF2005 Euler pole and were negligible
(<1 mm/yr) (Figure 5). In the following step we ran the
GLOBK facility to estimate the intraplate VLDEF GPS site
velocities, as well as the positions and rotation rates of the
Euler pole (Table 2).

5.2. Intraplate Horizontal Velocities

[39] Residual horizontal velocities were obtained from the
absolute velocities by removing the previously determined
rotation, and they are shown in Figure 6. Most of the values
were between 0 and 2 mm/yr, with the exception of the
VL21 site. The error ellipses at the 95% confidence level
were computed with the aid of the GLOBK 10.3 package,
taking into account the white and colored noise (red and
pink), and they were comparable with those computed with
the Mao formula [Mao et al., 1999] and those with errors
obtained by applying the CATS package to the permanent
GPS station time series [Williams, 2008].

[40] In general, we can confirm that in the most optimistic
of cases (e.g., a permanent site operating continuously for
over 5 years), an error (10) can be obtained that is of the
order of 0.2 mm/yr for the horizontal component and
0.7 mm/yr for the vertical component (Table 3).

5.3. Vertical Velocities

[41] As shown in Figure 7 the vertical velocities were gen-
erally positive and ranged between 0 and 4 mm/yr. Despite the
improvements in atmospheric modeling used in the GAMIT
processing, the velocities fell within the estimated errors, as
can be seen by analyzing the time series of the permanent and
nonpermanent GPS sites (e.g., Figures 3a—3f). Indeed, the
weighted root mean square errors obtained by applying a
robust fit to the longest time data series (TNB1) showed a
reduction from 6 to 4 mm/yr in the vertical component after
atmospheric modeling improvements (application of the
Vienna mapping function [Boehm et al., 2006b]). Table 3
reports the velocity data of station TNB1 computed by fitting
the three-component position time series over a time span of
7 years, with the aid of different algorithms.

6. Active Tectonics of Northern Victoria Land
6.1. Methodology

[42] The spatial distribution of the residual horizontal
velocities (Figure 6) showed strong variability, resulting in a
puzzling strain-rate field for the investigated area. In con-
trast, higher local differences in residual velocities between
neighboring stations were located in sectors where geologic
studies have shown evidence of intense Meso-Cenozoic
tectonic activity, namely, the Lanterman Range and the
Northern Foothills (Figures 1 and 2) [Roland and Tessensohn,
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Figure 5. Positions for the Euler poles of rotation, calculated in different studies; our estimate of the
Euler pole (red) was computed using data registered at the sites marked.

1987, Skinner, 1987, Salvini et al., 1997; Rossetti et al., 2003].
This evidence suggested a framework for computing the
residual velocity field into a block tectonic model using the
Cenozoic regional fault set on NVL, that is, the same set that
was used to organize the GPS network (Figure 8). The results
of this comparison confirmed the compatibility of the velocity
pattern found with the block model, including present-day
activity for some of the NW-SE regional faults. Computed
residual horizontal velocities for each GPS station (i.e., sub-
tracting the clockwise rotation of the Antarctic plate, approx-
imately 2.21 x 107° rad, surrounding a Euleran pole at 58.6°S,
56.0°E; see Table 2) were projected along the neighboring
regional faults. The projection was carried out with the
assumption that there are rigid-block tectonics in NVL and that
the deformation and relative movements are confined within
the block margins corresponding to the fault segments.

[43] Only pairs of GPS stations lying on opposite sides of
a given fault were selected, as this was the only fault
between them. The tectonic model used assumed that the
strain was concentrated on the faults. In this way the relative
velocities found corresponded to the fault velocities. These
velocities would represent the resulting combination of
relative rigid block motion and strain accumulation at block
boundaries, rather then mere actual fault slips. Since most of

Table 2. Relative Euler Poles®

the stations were located far enough from the faults, this
assumption is reasonable. In contrast, strain distribution has
been reported across regional strike-slip faults (e.g., San
Andreas Fault [Turcotte and Schubert, 2002]), with an
increasing strain rate approaching the fault and, therefore, a
decreasing cumulative relative displacement between pairs
of points closer to the fault. Four GPS stations, namely,
VLO09, VL10, VL29, and VL30 (Figure 8), were located
close enough to the studied faults to represent this situation.
In this case the computed relative displacements would
represent a fraction of the total displacement between the
blocks. Accordingly, the displacement velocities found
represented a conservative hypothesis for the present-day
block-fault activity in NVL.

[44] Projected vectors were split into their along-strike
and across-strike fault components. The comparison of these
components for each pair of GPS stations located on
opposite sides of the faults considered allowed the compu-
tation of the strike-slip and the extensional and shortening
components of the relative velocities between adjacent
blocks. The computation was carried out by adding the
modules of the analyzed components for vectors trending in
the opposite sense and by subtracting the modules for the
vector with the same sense (see Table 5). Resulting values

Latitude Longitude w
Model (°N) (°E) (deg/Myr)
Dietrich et al. [2004] —63.000 +1.000 54.700 +6.000 0.221 £0.014
ITRF2000 —61.830 +2.143 54.426 +3.689 0.231 £0.015
ITRF2005 —59.813 +0.864 54.685 +1.676 0.223 +0.007
Zanutta et al. [2008] —62.110 +0.925 50.280 +1.276 0.228 +£0.004
Present study —58.586 +2.152 56.077 £2.419 0.221 +0.008

ITRF, International Terrestrial Reference Frame. Euler poles computed in the present study compared with those reported by
Dietrich et al. [2004] and Zanutta et al. [2008] and with the absolute determinations of Euler poles given by Altamimi et al. [2002,

2007] for ITRF2000 and ITRF2005, respectively.
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Figure 6. Residuals of the horizontal velocity vectors
(mm/yr) for the ITRF2005, calculated at each site of the
VLNDEF, with their associated error ellipses; 95% confi-
dence ellipses, 20.

greater than 1 mm/yr were considered meaningful for the
present analysis. The overall picture of the displacement
velocities found showed a general right-lateral strike-slip
movement of the fault network, locally associated with
transtensional or transpressional components.

[45] The VL21 GPS station represents a single NW
residual component. This might result from monument
instability, although this hypothesis cannot be considered
realistic, owing to the particular Antarctic climatic condi-
tions characterized by permanent-freeze conditions. The
GPS sites were preliminary surveyed by geologists of
the Italian National Research Project in Antarctica team. The
analysis allowed us to identify the fault segments that were
active during the recorded time interval (Figure 8).

[46] A comparison of the residual velocity vectors of the
VL21 and the VL22 GPS stations showed a left-lateral shear
component of 6.9 mm/yr and a 4.7 mm/yr shortening along
the Lanterman Fault in the area of the Lanterman Range. In
the northernmost sector of the Leap Year Fault, NE of the
Lanterman Range, there was a right-lateral shear of 5.1 mm/yr,
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with an associated extension of 5.9 mm/yr, as shown by the
comparison between the VL21 and the VL30 stations.
Along the Tucker Fault the velocity vector comparison
between the GPS station pairs VL32-VL02 and VLOI-
VLO02 showed right-lateral strike-slip movements of 2.2 and
1.4 mm/yr, respectively. The VL05-VLO1 pairing showed
an extension of 1 mm/yr in the coastal segment of this fault.
The Lillie Fault was characterized by a right-lateral motion
of 1.8 mm/yr, as shown by the velocity vectors of VL30 and
VL29. A comparison of the residual velocities of the VLO3
and VL14 stations indicated that there was no significant
relative motion in the NW sector of the Aviator Fault. There
was an extension of 1.4 mm/yr for its coastal sector, as
indicated by the VL07-VL14 comparison. The Priestley
Fault had no significant motion (i.e., it was <l mm/yr), as
derived from the VL10-VL11 pairing.

[47] Higher velocity values characterized the coastal zone
between the Priestley Fault and the Reeves Fault, for
the area including the Northern Foothills (where TNB and
the MZS were located) and Inexpressible Island (Figure 1).
The comparisons between station pairs VL11-TNB1 and
VL11-VL15 indicated that there was an active fault, which
links the Priestley Fault to the Reeves Fault along the
western border of this block. The comparison between
TNBI1 and VL11 showed a 1.3 mm/yr right-lateral, strike-
slip motion in the northern sector. The central sector of this
fault had no meaningful right-lateral motion (0.9 mm/yr),
which was associated with a shortening of up to 2.6 mm/yr
(VL11-VLI15). The Reeves Fault was characterized by no
significant motion, as indicated by the comparison between
the VL11 and the VLI13 stations. The contrasts between
station pairs VL13-VL17 and VL16-RYNO along the David
Fault in the NE sector showed a right-lateral strike-slip
motion with a velocity of 0.9 mm/yr, with an associated
relative extension of 1.4 mm/yr along its northwestern sector
and 2.7 mm/yr to the SE.

[48] The comparisons among the residual motions of
stations VLO3, VL06, VLO08, VL09, and VLI10 indicated
that the Campbell Fault did not show significant relative
motion during the observation period. Similar results char-
acterized the northern segment of the Aviator Fault and the
Rennick Fault, as shown by a comparison between the
VLO03 and the VL22 stations.

[49] Comparison of the GPS stations VL18 and VLI19
south of the David Fault showed evidence of relative motion
between them (Figure 8). No faults have been proposed in
this sector, although if we assumed the presence of a fault
parallel to the David Fault, we derived an along-strike,
right-lateral velocity of 1.1 mm/yr associated with a larger

Table 3. Comparison Among the Estimated ITRF2005 Velocities
for the TNB1 Permanent GPS Station in the ITRF2005*

V.loV, V,loV, V.oV,

TNBI, ITRF2005 (mm/yr) (mm/yr) (mm/yr)
GLOBK 5.15 9.97 £0.22 -11.16 +£0.22 1.91 £0.71
tsview 2.00 R/F 9.79 +0.03 —11.03 +0.04 2.65 £0.10
Enfit/Mao/Dixon R/F 9.81 +0.40 —11.06 £0.40 2.58 +£1.41
Enfit/Mao/Mazzotti R/F 9.81 +0.28 —11.06 +£0.18 2.58 £1.20
CATS MLE 3.1.2 9.80 +£0.21 —10.97 +0.20 3.05 £0.62

ICATS, Create and Analyze Time Series; TNB, Terra Nova Bay; V,, east
velocity; V,, north velocity; V,, uplift velocity. Thirty-nine percent
confidence ellipses, 1o. See text for explanation.
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transpressional component of 2.4 mm/yr. These proposed
components would be fully compatible with the general
framework found.

6.2. Tectonic Framework

[s0] Results from the projection of the GPS showed that
some fault segments are active (Table 5). The GPS network
was not sufficient to constrain all of the faults in the tectonic
model, yet it was sufficient to constrain the active or locked
character of many of the fault segments (Figure 8).

[s1] Displacements were found along portions of the
Tucker, Leap Year, Lanterman, Aviator, and David faults
(Figure 8). In contrast, the GPS evidence showed that, at
least for the observed periods, there were no significant
displacements along the Rennick, Campbell, Priestley, and
Reeves faults. The latter two faults showed relative move-
ment values just below the 1 mm/yr threshold used, and
their connection with the active Northern Foothills Fault
leaves open the hypothesis of limited activity.

DUBBINI ET AL.: ACTIVE TECTONICS IN NORTHERN VICTORIA LAND

B12421

[52] The onshore GPS network could not resolve motions
along the Cape Adare offshore fault, and no definitive
results were found for the NW segment of the Tucker Fault.
The GPS network results were not sufficient for detecting
movement along SE segments of the Lanterman and Leap
Year faults, although the small differences in motion among
stations across these segments strongly suggested that the
movements, if present, would have been negligible over the
observed decade.

[53] The active faults dissected NVL into five main tec-
tonic blocks, namely, from north to south, the Victory,
Rennick, Mesa, Nansen, and Larsen blocks. Two smaller
blocks, the Lanterman and the Northern Foothills blocks,
were also seen and were characterized by higher displace-
ment rates (Figure 9). Althogh the resulting velocities within
each block are relatively homogeneous, as can be deduced
by comparing values from Table 4, the presence of rotations
reduces the reliability of using a variance analysis to char-
acterize block rigidity (Table 5).

[54] The SE sector of the Tucker Fault was characterized
by right-lateral, strike-slip displacement with a velocity of
between 0.3 and 2.1 mm/yr. An extensional component was
also present in the southeasternmost sector of the fault, with
values of extension of up to 1 mm/yr. Right-lateral, strike-
slip displacement with a velocity of 1.8 mm/yr was seen for
the Lillie Fault, where no component orthogonal to the fault
segment was seen.

[s55s] The Leap Year Fault showed evidence of intense
activity along its NW segment. The segment of the Leap
Year Fault NE of the Lanterman Range had one of the
largest observed displacements. The right-lateral, strike-slip
component reached a velocity higher than 5 mm/yr, and was
associated with an extensional velocity of approximately
6 mm/yr, which gives a transtensional, right-lateral overall
displacement velocity of approximately 8 mm/yr for this
fault segment. To the SE this fault did not show clear evi-
dence of activity, although constraints from the GPS net-
work do not allow a definitive result.

[s6] The Lanterman Fault showed evidence of important
activity in its NNW-SSE segment bordering the Lanterman
Range. There the velocity computed by the GPS measures
showed a left-lateral, strike-slip displacement with a velocity
higher than 6.9 mm/yr, associated with a shortening velocity
of 5.7 mm/yr. These data contrast with those measured
along the segment of the Leap Year Fault on the opposite
side of the Lanterman Range. Two geological models may
need to be proposed to solve this puzzle. The apparent
opposite displacements might be the result of block rotation
tectonics [Beck, 1989; McKenzie and Jackson, 1989]. Owing
to the relatively low strength of rocks under extensional
regimes, stress conditions between pairs of synthetic faults
can easily induce the dissection of the region confined
between faults into a series of blocks, through the initial
development of extensional faulting. These blocks are free
to rotate synthetically to ease the strike-slip motion, and this
rotation can induce antithetic movements along the newly
created faults (i.e., the formerly extensional faults). The
relative rotation of these blocks would produce an opposite
symmetry of compression and extension along their border,
depending on the sense of rotation. Within this model the
velocity pattern observed for the Lanterman Range can be
solved with a clockwise rotation of the Lanterman Block. In
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Figure 8. Horizontal residual velocities projected along the main Cenozoic faults in NVL assuming block
tectonic kinematics. This allowed us to identify the fault segments that were active during the recording
time interval (1998-2008), which were characterized by strike-slip kinematics with local transpression
or transtension components. The background image is a subset of the Radarsat mosaic of Antarctica.
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Figure 9. Sketch map showing the eight rigid crustal blocks dissected out by the active fault network in
NVL during the recording time. The block displacements are exaggerated and scaled to measured hori-
zontal residual velocities (see Figure 8). Split and unsplit squares are superimposed on the main faults to

show their relative offsets.

contrast, the combination of left-lateral and right-lateral
motions on the sides of the Lanterman Range may well be
the result of a relative translation of this block toward the
NW, due to strong transpressional conditions. These two
hypotheses may well partly coexist. In this area the move-
ments shown largely agree with results from the field
geology [GANOVEX Team, 1987; Rossetti et al., 2003]
(Figure 2). The western side of the Lanterman Range shows
a series of NNW-SSE striking thrusts that have been active
since 40 Ma [Rossetti et al., 2003]. Field investigations
revealed that almost all of the strike-slip faults had a right-
lateral sense of motion, in contrast to the left-lateral motion
seen by GPS measurements. A reasonable explanation of
this is that the Lanterman Range block is located in a
restraining bend of the Lanterman Fault, and it suffers from
shortening tectonics, while block tectonics (i.e., rotation)
started more recently than the age of the exposed faults

(about 40 Ma). In this way the evolution of the block would
be slightly different from that of a tectonic block developed
initially as a transpressional deformation. Offsets along the
main fault were responsible for the relative movement of the
block, compatible with the general right-lateral motion,
toward the SE. As the Lanterman Block reached the
restraining bend zone of the branching of the Lanterman
Fault from the Aviator Fault, it was compelled to rotate
clockwise (i.e., compatible with the general motion). This
rotation was responsible for the collision of the WSW border
against the Lanterman Fault and the consequent shortening
associated with the persistence of the thrusts. Translation of
this block to the NNW might be produced by the relative
motion of the Leap Year, Lanterman, and Aviator faults.
[57] The motions described remain confined to the
Lanterman Block, since GPS showed that the Rennick Fault
had no significant motion over this last decade, confirming
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Table 4. Velocities of the VLNDEF GPS Station and the Permanent GPS Stations Involved in the Computation (TNB1, MCM4) in the

ITRF2005 Reference Frame®

Long. Lat. V., ITRF2005 V,, ITRF2005 V., Intraplate V,, Intraplate oV, oV, Correlation V. oV,
Site (deg) (deg) (mm/yr) (mm/yr) (mm/yr) (mm/yr) (+mm/yr) (+mm/yr) Factor (rad) (mm/yr) (+mm/yr)

MCM4 166.669 —77.838 8.95 -11.23 0.42 —-0.30 0.37 0.36 —0.002 -1.57 0.71
RYNO 162.571 —75.454 8.25 —12.47 —0.52 —-0.80 0.89 0.95 0.007 1.17 5.90
TNB1 164.103 —74.699 9.97 —-11.16 0.91 0.07 0.33 0.32 —0.004 1.91 0.71
VLOl  169.725 -72.45 12.38 —-10.30 1.64 0.51 0.55 0.56 0.011 2.80 1.30
VL02  167.378 —72.565 10.85 —10.46 0.62 1.00 0.51 0.60 —0.005 4.86 1.27
VLO03  162.926 —72.951 10.86 -11.13 1.61 0.43 0.47 0.54 0.00 4.11 1.22
VL04  169.749 —73.518 10.22 —-10.78 —-0.09 —-0.10 0.75 0.85 —0.001 7.55 2.17
VLO5 169.612 -73.063 11.04 -11.11 0.83 -0.24 0.55 0.45 0.018 2.31 1.21
VL06  164.691 —74.35 9.74 —-10.11 0.41 0.98 0.67 0.80 —0.003 6.14 1.62
VLO7 165379 -73.76 9.55 -11.78 —0.04 —0.61 0.49 0.44 0.005 -2.19 1.20
VL08  163.74 -73.764 10.71 —-10.31 1.49 1.14 0.39 0.75 —0.001 3.21 1.32
VL09  162.169 -73.331 10.48 -11.17 1.39 0.42 0.46 0.60 —0.002 445 1.29
VLI0O  162.769 —73.688 10.41 —10.96 1.31 0.60 0.43 0.54 —0.003 3.25 1.17
VL11  162.542 -74.371 9.66 —9.61 0.98 1.64 0.47 0.51 —0.005 0.60 1.40
VLI12  163.727 —72.274 9.72 —-12.14 —0.02 —0.82 0.44 0.43 —0.010 5.08 1.18
VL13  162.205 -74.848 8.95 —10.30 0.25 1.03 0.50 0.62 —-0.019 3.40 1.58
VL14 165.906 —73.228 11.04 -11.21 1.33 0.18 0.51 0.48 0.001 2.37 1.12
VLI5S 163.716 —74.934 7.49 —-10.87 -1.50 0.36 0.55 0.49 —0.001 2.95 1.57
VL16  162.545 -75.233 10.67 —10.69 2.11 0.57 0.51 0.42 —0.003 3.22 1.43
VL17 161.539 -75.095 7.55 -10.92 -1.28 0.47 0.60 0.46 —0.001 3.73 1.41
VLIS  162.594 —75.899 7.72 —11.66 -1.17 —0.41 0.77 0.48 —0.002 3.65 1.63
VL19 161.782 -75.805 7.65 -9.22 -0.59 2.18 0.44 0.59 —-0.001 3.20 1.57
VL21  163.733 —71.669 3.17 —-10.38 —6.49 1.00 0.64 0.47 —0.003 6.64 1.43
VL22  162.04 -71.422 11.40 -11.71 1.79 —-0.09 0.41 0.53 0.004 4.99 1.32
VL23  170.305 -71.346 12.71 —11.60 1.62 —0.62 0.87 0.81 0.002 9.03 2.08
VL29  163.896 —71.154 12.09 —11.09 2.14 0.34 0.56 0.47 0.001 8.49 1.43
VL30  162.525 -70.599 11.19 —9.91 1.23 1.86 0.52 0.76 —0.003 6.91 1.57
VL32  166.165 —71.733 12.40 -11.26 221 0.02 0.54 0.54 —0.018 5.60 1.44

“Thirty-nine percent confidence ellipses, 1o (i.e., 2.44 is the conversion factor from lo to 20).

the proposed model of NNW relative translation of the
Lanterman Block and the prevailing present-day transpres-
sion in the area. Similar results characterize the Aviator
Fault, where the GPS relative motion indicated that the fault
was locked to the NW and showed an extension of 1.4 mm/yr
in its SE segment. The Campbell Fault also appeared to be
locked, based on results from comparisons among several

GPS stations. Evidence of right-lateral, transtensional
motion was also found along the southernmost faults of
NVL, on the David Fault, with values of up to 2.7 mm/yr.
The Priestley Fault showed a possible right-lateral, trans-
pressional motion along the Priestley Glacier, with a right-
lateral strike-slip component rate of 0.8 mm/yr and a
shortening rate of 0.7 mm/yr.

Table 5. Fault Movements as Derived From the Projections of Residual Velocities of the GPS Station Pairs®

Along-Strike

Across-Strike

Reference GPS Relative Velocity Converging Velocity

Fault Fault Strike Station Pair (mm/yr) (mm/yr) Fault Movement Type
Tucker N120° VL32-VL02 2.189 (<0.2) Right-lateral
Tucker NI119° VLO01-VL02 1.394 (<0.2) Right-lateral
Tucker N117° VLO1-VLO05 (0.328) —-1.037 Transtensional
Lillie N155° VL29-VL30 1.762 (<0.2) Right-lateral
Leap Year N133° VL30-VL21 5.060 —5.894 Right-lateral transtensional
Lanterman N132° VL21-VL22 —6.882 4.731 Left-lateral transpressional
Lanterman N99° VL21-VL12 —6.675 (0.786) Left-lateral
Rennik N142° VL22-VLO03 (0.521) (<0.2) Locked
Aviator N122° VL03-VL14 (<0.2) (0.360) Locked
Aviator N125° VL14-VL07 (0.669) —1.433 Transtensional
Campbell N137° VL03-VL09 (<0.2) (<0.2) Locked
Campbell N135° VLO08-VL10 (—0.255) (-0.51) Locked
Priestley N120° VL10-VLI11 (0.806) (0.736) Possibly locked
Northern Foothills NI151° TNBI-VLI11 1.339 (0.822) Right-lateral
Northern Foothills N172° VLI11-VL15 (0.922) 2.634 Transpressional
Reeves N126° VL11-VL13 (0.232) (—0.923) Possibly locked?
David N126° VLI13-VL17 (0.909) -1.352 Transtensional
David N128° VL16-RYNO 1.229 —2.699 Right-lateral transtensional

“Positive (negative) values indicate right (left)-lateral and compressional (extensional) movements. Values in parentheses are below the 1 mm/yr
reliability threshold used.
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[s8] The velocities measured at stations surrounding the
Northern Foothills Block presented a puzzle similar to that
described for the Lanterman Block, with the western border
showing extension of less than 1 mm/yr in the northern
sector, which inverted in the southern sector, where short-
ening reached values of up to 2.6 mm/yr. The strike-slip
component along this border of the Northern Foothill Block
was approximately 1.3 mm/yr to the north, where it reached
a compressional component of 0.8 mm/yr. Strike-slip
motion decreased to 0.2 mm/yr to the SW. In this case the
presence of block rotation tectonics might well justify the
found motions. The Reeves Fault showed a lower velocity,
with no strike-slip motion and an extensional rate that was
limited to 0.9 mm/yr. The David Fault had a transtensional
motion, with a right-lateral, strike-slip velocity of about
1 mm/yr, associated with an extension rate of 1.3—2.7 mm/yr.
The resulting total relative displacement rate along this fault
was approximately 3.6 mm/yr.

[59] Seismic activity in NVL confirms the active tectonic
framework observed. Since the 1960s a number of earth-
quakes have been reported in this region [Reading, 2002].
This activity might well represent the results of elastic
stress accumulation along the active fault segments found
(Figure 8). A temporary broadband seismometer array was
positioned in Austral summer 1999-2000 in the central
trans-Antarctic Mountains and showed fault-related seismic
activity along the David Fault [Bannister and Kennett,
2002].

[60] As indicated in the foregoing geologic and geody-
namic setting details, the NW-SE trending Cenozoic faults
of NVL are the onshore extension of two fracture zones of
the Southern Ocean, namely, Tasman Fracture Zones I and
II (Figure 1). These fracture zones have accommodated the
rifting and drifting between East Antarctica and Australia.
The presence of high seismic activity [Storti et al., 2007]
along their active segments (the zones separating the two
riftings, following classical plate tectonic theory) shows
evidence of extra strike-slip motion. Evidence of Quaternary
activity in the northern projection of these fracture zones
was found for the Australian continent, with the presence of
the tectonovolcanic Newer Volcanic Province [Lesti et al.,
2008].

[61] The relative horizontal displacement seen along some
of the NW-SE regional faults in NVL might well be the
intracontinental extension of this right-lateral, strike-slip
motion as it splits and fades into the extensional tectonics in
the Ross Sea. The relative horizontal displacement rate
observed, which was of the order of millimeters per yeear, is
comparable to the velocities predicted between adjacent
plates by plate tectonic theory. In this way the Tasman
Fracture Zones not only are a classic transform fault of the
Southern Ocean expansion [Wilson, 1965], but also might
also represent an active, incipient, plate boundary.

[62] The vertical velocities (Figure 7) showed the general
uplift of NVL, although most of the reported uplift was well
within the measurement uncertainty. These movements
might relate to recent ice loss in the region. Uplift related to
ice loss has been seen in the Arctic region [e.g., Jiang et al.,
2010]. As discussed by Bevis et al. [2009], with the present-
day data set available for NVL, caution should be taken in
attributing the vertical movements to mere glacial rebound,
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owing to the difficulties in separating this from the tectonic
components.

7. Conclusions

[63] GPS measurements have proven here to be a useful
tool for highlighting the geodynamics and neotectonics of
NVL through the detection of crustal deformation. The
proposed strategy of data processing has successfully
allowed reduction of the error, thus revealing movements of
the order of a few centimeters over a decade of observation.
With use of this method, nonpermanent-station residual
velocity errors are quite comparable with those from perma-
nent stations. The final intraplate residual velocities obtained
allowed us to recognize the main tectonic faults and their
velocity trends in the VLNDEF area. With better constraint of
the Euler pole, they absolute measured velocities confirm the
clockwise (rigid) rotation of the East Antarctic Plate.

[64] These data confirm the tectonic activity of NVL and
the primary role of the regional fault set. The present-day
fault motions agree well with the Upper Cenozoic tectonic
framework, thus confirming the long-lasting activities of
these faults and their framework in the regional geo-
dynamics of the Australia—Southern Ocean—East Antarctica
plate system. The Tucker, Leap Year, Lanterman, Aviator,
and David faults are active today and are characterized by
right-lateral, strike-slip kinematics with a subordered local
component of extension/compression.

[5s] The Lanterman Range and Northern Foothills areas
showed intense relative movements, with local rigid rotation
that matched their complex tectonic setting. The intracratonic
velocity field measured is comparable to the velocity pre-
dicted by plate tectonic theory at active margins and confirms
the present-day active tectonic role of the Balleny and Tas-
man fracture zones, which propagate into the East Antarctic
craton through its continental “passive margin.”

[66] Future improvements will include increasing the
numbers of semipermanent GPS stations of VLNDEF and
the availability of GPS transects across the more active
faults. Maintenance and exploitation of the Italian geodetic
infrastructures in NVL are of great interest to the entire
Antarctic scientific community.
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