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[1] We estimate the present-day vertical velocity field in
the central Basin and Range and Sierra Nevada mountains
and consider causative processes. We analyzed data from
16 continuously operating Global Positioning System
stations finding that relative vertical velocity precision
(WRMS scatter) is �0.25 mm/yr. These data demonstrate
that the southern Sierra Nevada is experiencing uplift of
�0.5 mm/yr relative to a local reference frame in southern
Nevada, and �1 mm/yr relative to stations in the northern
Mojave Desert. As a possible source of these motions, we
explored post-seismic viscoelastic relaxation following the
1872 Owens Valley and 1952 Kern County earthquakes
with models of laterally homogeneous lower crust and
upper mantle viscosity. Post-seismic deformation from
these two earthquakes cannot entirely explain the data set.
Lateral variations in viscosity or contributions from other
regional earthquakes may also be important. Citation: Fay,

N. P., R. A. Bennett, and S. Hreinsdóttir (2008), Contemporary

vertical velocity of the central Basin and Range and uplift of the

southern Sierra Nevada, Geophys. Res. Lett., 35, L20309,

doi:10.1029/2008GL034949.

1. Introduction

[2] The formation and uplift of mountain ranges is a
fundamental component of continental deformation associ-
ated with plate tectonics. The vertical history of the Sierra
Nevada (SN) Mountains, the remnant of Cretaceous arc
magmatism [e.g., Ducea, 2001] and western margin of the
extensional Basin and Range province, is debated. A
diverse body of evidence suggests that the �3–5 Ma
removal of the gravitationally unstable eclogitic root of
the granitic batholith [e.g., Zandt et al., 2004] prompted a
significant uplift event [Jones et al., 2004]. However,
geochemical and thermochronological tracers of paleoele-
vation and relief on and around the SN suggest that it has
seen little increase in average elevation during the late
Cenozoic [e.g., House et al., 1998; Mulch et al., 2006].
[3] The present-day vertical deformation field may pro-

vide useful constraint on lithospheric rheology and possibly
a datum from which to work backwards in time to constrain
the vertical history of the range. To do so, long-lived
transient vertical motions, such as caused by post-seismic
stress relaxation [e.g., Gourmelen and Amelung, 2005],
need to be quantified. In this paper we present vertical
velocity estimates for the southern SN and surroundings
through analysis of more than 8 years of continuous Global

Positioning System (CGPS) data (Figure 1) and estimate the
vertical velocities caused by postseismic viscoelastic relax-
ation following two recent large earthquakes.

2. GPS Data and Analysis

[4] The CGPS stations used in this study (Figure 1) were
chosen based on their similar data quality, duration of
operation and the fact that they form a linear array approx-
imately perpendicular to the strike of the SN batholith and
major faults accommodating relative SN-Basin and Range
horizontal motion (Figure 1). The stations began operating
in 1999 and 2000 as a part of the SCIGN [Hudnut et al.,
2001] and BARGEN [Wernicke et al., 2000] CGPS net-
works. GPS phase data were processed following Bennett
and Hreinsdóttir [2007] and Bennett et al. [2007]. We used
the GAMIT/GLOBK software [King and Bock, 2002;
Herring, 2002] version 10.3 incorporating IGS absolute
phase center models and the stable North American refer-
ence frame (SNARF) of Blewitt et al. [2005]. The horizontal
velocities at the CGPS stations in our study area (Figure 1;
see also Table S11) clearly demonstrate the dominant
regional horizontal tectonics, i.e., right-lateral shear accom-
modating the NW motion of the SN relative to the conti-
nental interior [e.g., Wernicke and Snow, 1998].
[5] Vertical positions and velocities derived from CGPS

are inherently less precise than the horizontal components,
owing to a number of imperfectly understood hydrologic
and atmospheric processes that load the Earth’s surface and
displace its center of mass [Blewitt et al., 2001]. However,
these issues do not necessarily prevent precise determina-
tion of relative vertical motions over relatively short base-
lines (e.g., 500 km) [Bennett and Hreinsdóttir, 2007;
Bennett et al., 2007]. We consider here only relative vertical
velocities that allow us to safely ignore long-wavelength
vertical signals that effectively cancel in a locally-defined
vertical reference frame.
[6] One such example of common-mode ‘‘noise’’ that

does not significantly bias relative vertical velocity esti-
mates is shown in Figure 2. Figure 2a shows the vertical
position timeseries of station BEPK that typifies the times-
eries of all of the stations in our study area. There is a clear
vertical signal with an apparent period of �5.5 yrs (apparent
because we do not have a complete cycle). We estimate the
magnitude and phase of this signal with a weighted least
squares fit to the timeseries including terms accounting for
coseismic and radome vertical offsets, a constant velocity,
annual and semi-annual periodic signals, and a periodic
signal with period of 5.5 years (determined iteratively). The
average amplitude of this 5.5 year signal is �2.7 ± 0.5 mm.

1Auxiliary materials are available in the HTML. doi:10.1029/
2008GL034949.
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