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on the other hand, although characteristic of the Lake Tahoe
region, would result in a loss of elevation at SLID. A dilation
mechanism can fit the geodetic data. Applying Okada’s (19)
model for a tensile crack at 30 km depth in the source region,
a potency equivalent to a volume of 3.7 x 107 m3, or
volumetric moment equivalent of Mw 6.1, fits the SLID
observations (see supporting online text). Since only one GPS
station is available the source of the displacements at SLID
cannot be uniquely determined. Mechanisms such as the
introduction of fluids in the volume between the deep swarm
and SLID or volumetric expansion of a potential source of
magma below the deep crustal swarm could be developed to
fit SLID motions.

The temporal correlation of SLID motions and deep
seismicity strongly suggest the source of SLID displacements
is spatially correlated with the earthquake swarm. SLID
motions are not consistent with a shear dislocation but with
dilation, or tensile failure, along the deep structure. Also, the
progression of earthquake depths and stress field implied
from earthquake focal mechanisms is consistent with other
observations of dike intrusion (8). In addition, the high b-
value of the Lake Tahoe sequence is most likely in response
to high-strain rate driven rock failure typical of dike injection
(7). The injection front of a propagating dike represents the
temporal progression of earthquake depths, whereas the high
frequency character of the events require brittle failure of
rock at the crack tip. Also, tensile failure along east dipping
structures would be consistent with east-west extension along
the Great Basin Sierra Nevada transition near Lake Tahoe.
High dilatational strains rates are inferred from GPS data in
the Lake Tahoe region (Fig. 4). SLID deformation and the
character of the earthquake swarm are consistent with magma
injection. The volumetric source required to fit SLID
observations would correspond to a ~1 meter thick dike over
the area of the imaged structure at depth. Dipping eastward at
50°, the lower-crustal structure would project to the surface
west of the Sierra Nevada Great Basin frontal fault system
west of Lake Tahoe. However, if a Sierra Nevada Great Basin
bounding structure, or structural zone, shallows eastward into
the lower crust the event may have taken place near or within
this structural boundary.

Periodic aseismic transient deformation in the Cascadia
subduction zone is associated with deep crustal LP’s (25-45
km depth), tremor like seismic signatures (20, 21). Outside of
subduction regions, however, deep brittle failure earthquakes
are uncommon due the predominance of a brittle-ductile
transition in the mid-crust and increased temperature with
depth. Brittle failure at these depths requires localized high-
strain rates that can result from magma injection. Deep
earthquakes observed in the western Sierra foothills (22) may
be in response to the same mechanism (Fig. 4). We suggest
that this magmatic phenomenon should not be viewed as a

likely precursor to volcanism, but rather as part of the
tectonic cycle of lower crustal evolution, perhaps providing a
mechanism to sustain crustal thickness and crustal strength in
zones of extension.

References and Notes
1. T. Dixon, M. Miller, F. Farina, H. Wang, D. Johnson, D,

Tectonics 19, 24 (2000).
2. R. Bennett, B. Wernike, N. Niemi, A. Friedrich, and

J.Davis, Tectonics, v.22, n.2, 31 (2003).
3. C. Henry, J. Faulds, (abstract) EarthScope/NSF Great

Basin Symposium Lake Tahoe, California, June 21-23
(2004).

4. R. Schweickert, M. Lahren, K. Smith, J. Howle,
Tectonophys., in press, (2004).

5. S. Wesnousky, C. Jones, Geology 22, 1031, (1994).
6. Nevada Seismological Laboratory Historical Earthquake

Catalog, accessible and searchable at
http://www.seismo.unr.edu/Catalog/catalog-search.html.

7. A. Rubin, D. Pollard, Geology 16, 413 (1988).
8.. M. Ukawa, H. Tsukahara, Tectonophysics 253, p. 285

(1996).
9. McNutt, S. R., International Handbook of Earthquake and

Engineering Seismology, Part Academic Press (2002).
10. V. Zobin, Introduction to Volcanic Seismology, Elsevier,

(2003).
11. S. Wiemer, S. McNutt, M. Wyss, California, Geophys. J.

Int., v. 134, 409 (1998).
12. G. Ichinose, J. Anderson, K. Smith, J. Anderson, Seism.

Soc. Am. Bull. 93, 61 (2003).
13. B. Wernicke, A. M. Friedrich, N. A. Niemi, R. A.

Bennett, and J. L. Davis, GSA Today 10 (11), 1—7,(2000).
14. J. Zumberge, M Heflin, D. Jefferson, M. Watkins, F.

Webb, J. Geophys. Res., 102, 5005 (1997).
15. G. Blewitt, J. Geophys. Res.Vol. 94, No. B8, p. 10,187-

10,283 (1989).
16. Z. Altamimi et al., Am. Geophys. U., Vol. 82, 273 (2001).
17. S. Wdowinski, Y. Bock, J. Zhang, P. Fang, and J., J.

Geophys. Res., 102, 18,057- (1997).
18. G. Blewitt, G., D. Lavallee, J. Geophys. Res., Vol. 107

(B7), 10.1029/2001JB000570, (2002).
19. Y. Okada, Bull. Seism. Soc. Am., 75, 1135 (1985).
20. H. Dragert, K. Wang, T. James, Science 292, 1525,

(2001).
21. G. Rogers, H. Dragert, Science 300, 1942 (2003).
22. I. Wong, W. Savage, Bull. Seism. Soc. Am. 73, 797

(1983).
23. The University of Nevada Reno seismic network in

northern Nevada is operated under the U.S. Geological
Survey National Earthquake Hazards Reduction Program
with support from the State of Nevada. The GPS data
analysis was funded by the Department of Energy, Yucca
Mountain Project. The BARGEN GPS network is funded












