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Technical Description 

Objectives and Products 
This project is measuring shallow site conditions at a dozen locations of precariously 

balanced rocks in the vicinity of the Elsinore and San Jacinto faults. With measured site 
conditions, we intend to test whether these rocks may remain untoppled due to a site effect. A 
newly computed vector PSHA still demands that these rocks should have toppled. If the rocks 
have not experienced de-amplified shaking due to a site effect, further investigation of source-
rupture and path effects will be indicated. 

At each location we are deriving a shear-velocity versus depth profile from the surface to 
at least 100 m depth. These profiles will be posted on the web (at www.seismo.unr.edu/hazsurv) 
along with summary values such as Vs10, Vs30, and Vs100 for various depths of averaging; and 
conveyed to Magistrale, Shaw, and others maintaining the SCEC Community Velocity Models. 
 
Background and Significance 
 Purvance et al. (2004) cataloged precarious and semi-precarious balanced rocks between 
the San Jacinto and Elsinore faults (fig. 1).  The red diamonds represent sites of precariously 
balanced rocks that are inconsistent with the vector-valued PSHA as calculated by Hong Kie 
Thio and Paul Somerville of URS.  We 
presume that the rocks have been in these 
precarious positions for at least 10,000 
years based on Bell et al. (1998). 
 The refraction microtremor 
technique is a surface-wave recording 
and analysis method most effective at 
deriving shear-wave velocities to 200 m 
depth in noisy urban areas (Louie et al., 
2001; Scott et al., 2004). The method 
derives volumetric velocity averages 
across the 150-to-400-m length of the 
measurement array. The method’s results 
match those derived from other surface 
techniques such as SASW, and from 
downhole profiles as well, to the degree 
expected when comparing point 
measurements to volumetric averages 
(Louie et al., 2002; Liu et al., 2005). 
 Abbott et al. (2000) and Louie 

Fig. 1: Locations of precariously and semi-precariously 
balanced rocks cataloged between the San Jacinto and 
Elsinore faults. VPSHA computed by Purvance et al. 
(2004) is represented by colors and shading. The rocks 
shown as red diamonds should have toppled under this 
VPSHA and some are analyzed in fig. 2.  Notice these 
rocks lie approximately equidistant from both faults. 



and Abbott (2000) reported refraction-microtremor characterizations of precarious-rock sites 
unexpectedly near the San Andreas fault in the western Mojave. Those indicators of maximum 
10 ka ground motions constrained motions to levels much less than those expected from PSHA 
studies. The San Andreas precarious-rock sites showed seismic hazard class B conditions. Thus, 
the Mojave precarious-rock sites do not have the unusually high-velocity class A conditions, that 
could produce sufficient de-amplification to preserve the balanced rocks through dozens of 
earthquake cycles. 
 
Work Plan Progress to Date, Collaboration, and Leveraging 

1) We are identifying a dozen 
well-characterized precarious 
rocks closest to the Elsinore 
and San Jacinto faults, for 
which limits on shaking also 
best constrain rupture 
directivity effects. 

2) We received only on October 
24, 2005 the funds for this 
project, possibly because 
SCEC combined three 
related projects and asked us 
to rework the overall budget 
and work plan. For this sub-
project, we are engaging 
Satish Pullammanappallil of 
Optim Inc., UNR’s 
technology partner for 
refraction microtremor 
(ReMi) surveying, to conduct 
three days of measurements 
at the dozen sites. Optim 
may employ the DOE-GBCGE-funded UNR Texan instrument array. A UNR 
Seismology grad student may assist. Our  project’s new budget expires Jan. 31, 2006, but 
we are trying to extend the deadline by 6 months. Optim will complete the measurements 
and deliver results before the close of the project. 

3) Both Optim Inc. and a UNR grad student will analyze refraction microtremor data with 
commercial SeisOpt®ReMiTM software. The grad student will do the analysis under a 
DOE-Yucca Mountain Project quality assurance procedure, to pick Rayleigh dispersion 
and model each site’s shear-velocity profile. Student Donghong Pei has been developing 
with Satish Pullammanappallil of Optim a new optimization method for modeling shear-
velocity profiles from ReMi dispersion data, and they have presented their results at 
several national meetings, listed below. 

4) After analysis of data from each site we will compute summary values such as Vs10, 
Vs30, and Vs100 by arithmetic slowness averaging. We will post profiles and summary 
values at www.seismo.unr.edu/hazsurv. 

Fig. 2: Time dependent probability of toppling.  The process is 
modeled via a Poisson distribution with annual rate of topple TR, 
i.e., PT(t) = 1 - exp(-t*TR).  TR is simply the sum of all 
normalized toppling rates over all PGAs and PGVs.  The 
minimum precariously balanced rock age is 10,000 years, shown 
by the blue lines.  VPSHA hazard estimates for the Tooth, 
Pedley-1, and perhaps Nuevo-1 sites do not appear to be 
consistent with the rock constraints. 



5) We will deliver velocity profiles to Magistrale, Shaw, Field, and others updating and 
using the SCEC CVM. 

6) We will compare measured site conditions, toppling accelerations for the precarious 
rocks, and accelerations from probabilistic hazard maps and OpenSHA. 

7) UNR Seismology grad student Jim B. Scott attended the recent 2005 SCEC Workshop on 
behalf of this sub-project, and presented a poster showing results of the collaborating 
USGS-sponsored project discussed below. 

 
This project is being conducted in close collaboration with a USGS NEHRP So. Calif. 

Panel-funded project by Louie measuring site conditions at 50 CISN and strong-motion stations 
in the Los Angeles region. Figure 3 shows progress on that project; as of Nov. 14 2005 fifty of 
fifty stations had been measured, 29 under subcontract to Optim Inc. We are also working with a 
DOE-sponsored effort by Brune to assess site conditions and limits on shaking at Yucca 
Mountain. The Yucca Mountain project is quality-certifying a procedure for refraction 
microtremor analysis and modeling; a QA procedure for refraction-microtremor data recording is 
already in place (Scott and Louie, 2004, YMP IPR-024). The seismic recorders to be used for 
this project (21 Reftek RT-125 Texans in a facility worth $87,000) were provided to the 
University of Nevada by the DOE-funded Great Basin Center for Geothermal Energy 
(www.unr.edu/geothermal). 

This project is also collaborating with Louie’s project “Development of a Wellington 
community earthquake hazard modeling environment,” a Fulbright Senior Scholar Award to 
New Zealand sponsored by the the U.S. Dept. of State and the New Zealand government, 
2/1/2006-7/31/2006.  
 
Recent and Submitted Presentations on Los Angeles Hazards and ReMi Inversion 
Weston A. Thelen*, Matthew Clark*, Christopher T. Lopez*, Chris Loughner*, Hyunmee Park*, James B. Scott*, 

Shane B. Smith*, Bob Greschke, and John N. Louie, 2005, A transect of 200 shallow shear velocity 
profiles across the Los Angeles Basin: submitted to Bull. Seismol. Soc. Amer., 5 May 2004, revised 13 
February 2005. Not SCEC-supported research. (On line at http://www.seismo.unr.edu/hazsurv/Thelen-et-
al-rev0502.pdf) 

W. J. Stephenson, J. N. Louie, S. Pullammanappallil, R. A. Williams, and J. K. Odum, 2005 in press, Blind shear-
wave velocity comparison of ReMi and MASW results with boreholes to 200 m in Santa Clara Valley: 
Implications for earthquake ground motion assessment: Bull. Seismol. Soc. Amer., submitted Dec. 18 
2004, accepted July 14. (On line at 
http://www.seismo.unr.edu/ftp/pub/louie/papers/Stephenson_et_al.pdf) 

Don Pei*, John N. Louie, and Satish Pullammanappallil, 2005, 1-D inversion of shallow surface-wave dispersion 
curves using a simulated annealing optimization method: short paper in Expanded Abstracts, Soc. of 
Explor. Geophys. 75th Annual Internat. Meeting, Nov. 6-11, Houston, Texas. 

J. B. Scott*, M. Clark*, C. Lopez*, A. Pancha*, T. Rasmussen*, S. B. Smith*, W. Thelen*, and J. Louie, 2006, 
Three urban transects of shallow shear-velocity using the refraction microtremor method: submitted to the 
Proceedings of the Managing Risk in Earthquake Country Conference Commemorating the 100th 
Anniversary of the 1906 Earthquake, April 18 - 22, San Francisco, Calif., 10 pp. 

Donghong Pei*, Satish Pullammanappallil, and John Louie, 2006, Adaptive simulated-annealing velocity 
modeling for Rayleigh surface-wave inversion: submitted to the Proceedings of the Managing Risk in 
Earthquake Country Conference Commemorating the 100th Anniversary of the 1906 Earthquake, April 
18 - 22, San Francisco, Calif., 10 pp. 

Karalyn Heath*, John Louie, Glenn Biasi, Aasha Pancha*, and Satish Pullammanappallil, 2006, Blind tests of 
refraction microtremor analysis against synthetic models and borehole data: submitted to the Proceedings 
of the Managing Risk in Earthquake Country Conference Commemorating the 100th Anniversary of the 
1906 Earthquake, April 18 - 22, San Francisco, Calif., 10 pp. 



 
Fig. 3: Map of sites being measured by a collaborating USGS project. Blue circles mark sites 
measured in Jan. 2005 by UNR students. Red triangles mark sites measured more recently by 
Optim Inc. All results will be available Jan. 31, 2006. 
References Cited 
Abbott, R. E., J. N. Louie, J. N. Brune, and R. Anooshepoor, 2000, Shallow site response at precariously-balanced 

rock sites near the San Andreas fault: presented at So. Calif. Earthquake Ctr. Ann. Mtg., Sept. 18-20, 
Oxnard, Calif. (On line at http://www.seismo.unr.edu/ftp/pub/louie/larse/scec00-abbott.pdf) 

Bell, John W., J. N. Brune, Tanzhuo Liu, Marek Zreda, and James C. Yount, 1998, Dating precariously balanced 
rocks in seismically active parts of California and Nevada: Geology, 26, no. 6, 495-498. 

Liu, Y., Luke, B., Pullammanappallil, S., Louie, J., and Bay, J., 2005, Combining active- and passive-source 
measurements to profile shear wave velocities for seismic microzonation: accepted for the Geo-Frontiers 
2005 Congress, Austin, Texas, Jan. 24-26. (On line at 
http://www.seismo.unr.edu/ftp/pub/louie/papers/Liu-et-al-Geofrontiers.pdf) 

Louie, J. N., 2001, Faster, better: shear-wave velocity to 100 meters depth from refraction microtremor arrays: 
Bull. Seismol. Soc. Amer., 91, no. 2 (April), 347-364. 

Louie, John N., and Robert E. Abbott, 2000, Shallow shear-velocity structure below strong-motion and precarious-
rock sites near the San Andreas fault: presented at So. Calif. Earthquake Ctr. Ann. Mtg., Sept. 18-20, 
Oxnard, Calif. (On line at http://www.seismo.unr.edu/ftp/pub/louie/larse/scec00-louie.html) 

Louie, John N., Robert E. Abbott, and Satish Pullammanappallil, 2002, Refraction microtremor and optimization 
methods as alternatives to boreholes for site strength and earthquake hazard assessments: Proceedings 
15th Annual Symposium on the Application of Geophysics to Environmental and Engineering Problems 
(SAGEEP '02), February 11-13, Las Vegas, Nevada. (On line at 
http://www.seismo.unr.edu/ftp/pub/louie/papers/louie-sageep02.pdf) 

Purvance, M., J. Brune, R. Anooshehpoor, H. Thio, and P. Somerville, 2004, Precariously balanced rock toppling 
constraints and vector valued hazard: Proceedings 2004 SCEC Conference, Palm Springs, Calif., Sept. 
20-22. 

Scott, J. B., and J. N. Louie, 2004, Procedure for the deployment of "Texan" seismic microtremor arrays: Dept. of 
Energy Yucca Mountain Project, UNLV Harry Reid Center, Procedure IPR-024, 52 pp. 

Scott, J. B., M. Clark, T. Rennie, A. Pancha, H. Park and J. N. Louie, 2004, A shallow shear-velocity transect 
across the Reno, Nevada area basin: Bull. Seismol. Soc. Amer., 94, no. 6 (Dec.), 2222-2228. 


