JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, B11405, doi:10.1029/2006JB004326, 2006

Click
Here

Full
Article

Contemporary deformation of the Wasatch Fault, Utah,
from GPS measurements with implications for interseismic
fault behavior and earthquake hazard:

Observations and kinematic analysis

Wu-Lung Chang,1 Robert B. Smith,' Charles M. Meertens,2 and Ron A. Harris®
Received 3 February 2006; revised 14 July 2006; accepted 1 August 2006; published 22 November 2006.

[1] Contemporary strain accumulation rates of the 350-km-long Wasatch fault, Utah, have
been determined by GPS measurements and provide key data for evaluating normal fault
behavior and related earthquake hazard assessment. This paper presents a complete
description of the Wasatch GPS network, data archiving and processing, and the measured
ground deformation. The network spans the Wasatch fault in an area ~300-km long
and ~200-km wide in north and central Utah and consists of 43 GPS sites surveyed in
1992, 1993, 1994,1995, 1999, 2001, and 2003, plus 8 permanent GPS stations operating
continuously beginning 1997. Observations across a 65-km wide area centered on the
Wasatch fault indicate the principal horizontal extension rate of 24 + 6 nstrain/yr with the
direction nearly perpendicular to the fault. This strain rate corresponds to a horizontal
displacement rate of 1.6 = 0.4 mm/yr, accommodating ~50% of the crustal deformation
across the ~200 km-wide eastern Basin-Range. Analysis of the spatial variation of the
strain-rate field reveals that the strain accumulation is concentrated near the Wasatch fault,
which suggests an abrupt transition in the horizontal deformation at the fault between the
eastern Basin-Range and the Rocky Mountains. We employed a finite-strain model that
accounts for simple-shear deformation of the hanging-wall to compare horizontal
extension rates measured by GPS with vertical fault-displacement rates determined by
geologic data. Our results suggest that the average Holocene strain-release rate is higher
than the contemporary strain-loading rate for the Wasatch fault if the fault dips less than

30°W, but these two rates are consistent if the fault dips more steeply.
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1. Introduction

[2] It is generally accepted that stress and resulting strain
accumulation on a fault is a time-dependent process during
the earthquake cycle [e.g., Thatcher, 1983]. While geologic
information such as paleoearthquake fault displacements
from fault trenching have been used to determine average
slip or strain-release rates, geodetic measurements provide
contemporary strain-loading rates on faults. In this study,
we present a comprehensive discussion on the acquisition
and processing of GPS data of the Wasatch fault in northern
and central Utah, and focus on accessing the contemporary
ground deformation and the relation between geodetically
and geologically observed strain rates.
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[3] The 370 km-long, Late Quaternary Wasatch fault
extends along the west side of the Wasatch Range, UT,
and traverses the populated Wasatch Front area where more
than 80% of Utah’s two-million+ people reside, including
the cities of Ogden, Salt Lake City, and Provo (Figure 1).
The fault, generally interpreted to be composed of six
Holocene segments, is part of the central Intermountain
Seismic Belt that separates the stable Rocky Mountains and
Colorado Plateau to the east and the extending lithosphere
of the Basin and Range province to the west [Smith and
Sbar, 1974; Smith and Arabasz, 1991].

[4] Based on analyses of fault morphology and Holocene
rupture dating by trenching of the Wasatch fault, an excellent
record of paleoearthquake history has been defined for the
past 5,600 years [e.g., Schwartz and Coppersmith, 1984;
Machette et al., 1992; McCalpin and Nishenko, 1996; Olig et
al., 2004]. During this period the fault experienced 11 multi-
segment scarp-forming paleoearthquakes (6.8 < M < 7.2)
with the youngest rupture about 600 years ago on the Provo
segment. Multiple studies of the geologic data, including
determination of vertical fault displacements observed at
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