GPS determination of current Pacific-North American plate motion
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ABSTRACT

Global Positioning System (GPS) data, collected by campaign-style GPS experiments at
five sites along the Gulf of California in 1996 and 1998, determine a locally based estimate for
current relative motion between the Pacific and North American plates. At the mouth of the Gulf
of California, the Pacific plate moves 50.4 + 3.4 mm/yr, along an azimuth of N59.0°W + 2.7°, rela-
tive to mainland Mexico. These estimates substantiate and refine previous locally based GPS-
determined rates, and agree with GPS determinations of giobal plate motion. A reexamination
of magnetic anomalies in the gulf used in the widely accepted NUVEL-1A global plate model has
yielded an average Pacific—-North American relative velocity from 0.78 Ma to the present of 51.1
+ 2.5 mm/yr. The new GPS-determined velocity agrees with this estimate, supporting the ideas
that the transfer of Baja California to the Pacific plate continued until ca. 1 Ma, and that the cur-
rent Pacific-North American rate is greater than the 3.16 Ma average. The azimuth determina-
tion is ~5° west of the NUVEL-1A results calculated from earthquake slip vectors and azimuths
of gulf transforms offsetting both oceanic and continental crust. The Tamayo fracture represents
the only fault zone used in the NUVEL-1A model that offsets solely oceanic crust. This fault zone
trends N60°W, consistent with the GPS-determined azimuth at the mouth of the gulf.

INTRODUCTION

Until recently, estimates of relative plate mo-
tion have relied on several-million-year averages
determined from magnetic anomalies, trans-
form-fault azimuths, and hotspot tracks, which
collectively yield global plate circuits (Minster
and Jordan, 1978; DeMets et al., 1990, 1994).
Determining relative Pacific~North American
plate motion (Fig. 1) has been hampered by its
sensitivity to relatively small changes in input
data. The widely accepted NUVEL-1A global
plate circuit, using magnetic anomalies in the
Gulf of California, predicted an average Pacific—
North American velocity over 3.16 m.y. of 49
mm/yr with an azimuth of N53.9°W at the
mouth of the Gulf of California (DeMets et al.,
1994). Studies in the western United States
showed that the rates of right-lateral slip along
the San Andreas fault are significantly less than
the global plate-circuit estimates for Pacific—~
North American motion (Sieh and Jahns, 1984;
DeMets et al., 1987; Weldon and Humphreys,
1986). Distributed right-lateral slip on faults PACIFIC
west of the San Andreas fault, and east to the Rio PLATE
Grande rift in places such as the eastern Califor-
nia shear zone (Dokka and Travis, 1990) and the
Basin and Range province, accommodates this
missing plate motion. Pacific-North American
motion was also determined from geologic data 0 100 200 km
in California, from which slip estimates on
active faults were accumulated into a relative-
plate-motion vector (Weldon and Humphreys, Figure 1. Pacific-North American plate margin in Gulf of Cali-

1986; Humphreys and Weldon, 1994). This ap- fornia. ECSZ = eastern California shear zone (modified from
proach predicts a Pacific—North American rela- Ortlieb et al., 1989).
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