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During this year reconnaissance surveys for precarious rocks were carried out at the 
following sites in southern California:  Jacumba, Owl Canyon, Granite pass, Mill Creek 
Summit, Lovejoy Buttes, Wildomar, Baja California, Aliso Canyon, and between the San 
Jacinto and Elsinore faults.  New precarious rocks were found at Granite Pass, Mill Creek 
Summit, Lovejoy Buttes, Baja California, Aliso Canyon, and between the San Jacinto and 
Elsinore faults.  However, the main focus of the surveys was in two areas:  Baja 
California, near the surface rupture of the 1956 M=6.7  San Miguel Fault earthquake, and 
the region between the San Jacinto fault and the Elsinore fault along a line extending 
from Riverside to Aguanga.  

A number of new precarious rocks was found near the surface rupture of the 1956 
M=7 San Miguel fault earthquake in Baja California. This effort was part of a joint 
project with Francisco Suarez  of CICESE in Mexico, one of SCEC’s participating 
institutions.  The data from this project provides important constraints on ground motion 
from the 1956 earthquake, and a publication is currently being prepared by Francisco 
Suarez and James Brune.  A presentation of the preliminary results of this survey was 
presented at the 2003 SCEC Annual Meeting. 

Most of the survey effort during the year was concentrated on the line between the 
San Jacinto and Elsinore faults, extending from Riverside to Aguanga. This effort was 
stimulated by the discovery of a number of new precarious rocks in this line. It now 
appears that this line of precarious rocks may be as important in constraining ground 
motion from large earthquakes as the precarious rocks near the San Andreas fault. 
Preliminary results were presented at the 2003 SCEC annual meeting. The following is a 
more detailed report of the results of this study. 

THE RIVERSIDE-AGUANGA LINE OF PRECARIOUSLY BALANCED ROCKS 

A spectacular band of precariously balanced rocks extends from Riverside, CA, to 
Aguanga, CA, half-way between the Elsinore and San Jacinto faults.  More than two 
dozen of these rocks have been documented along this line, but none have been found 
more than a few km closer to either the San Jacinto or Elsinore faults, a strong indication 
that the distribution pattern is caused by the attenuation of strong ground motion from 
numerous large (M ~ 7) events along these two faults (two in historic times, in 1899 an 
1918).  These rocks have apparently been in place thousands of years, and thus place 
important constraints on ground motion from such earthquakes (median and standard 
deviation of attenuation curves). The region is one of numerous outcrops of relatively 
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uniform granite, low topographic relief, and lack of mapped faults. The rocks are 
approximately uniformly distributed along the line.  

Brune (1996) reported finding a number of semi-precarious rocks about half-way 
between the San Andreas and San Jacinto faults, and about half-way between the San 
Jacinto and Elsinore faults, roughly consistent with the seismic hazard maps of 
Wesnousky (1986), but not consistent with the low probability (long recurrence time) 
hazard maps given in the SCEC Phase 1 Report hazard maps (WGCEP95, 1995).  The 
number of rocks described in the Brune (1996) study was not enough to lend strong 
confidence to the results.  

In succeeding years the author and his family members have made numerous one 
or two day field excursions to the area between the San Jacinto and Elsinore faults to 
more accurately map locations of precariously balanced rocks. The picture which has 
emerged is remarkably simple and impressive: over 2 dozen precariously balanced rocks 
have been located along a line half-way between the Elsinore and San Jacinto faults, at a 
distance of about 17 km from either fault, with no such rocks found more than a few km 
from this line toward either fault. This distribution strongly indicates that the pattern is a 
result of attenuation of strong ground motion away from numerous large (M~7) 
earthquakes along the San Jacinto and Elsinore faults in the last several thousand years 
(two in historic times, in 1899 and 1918).  Rockwell (personal communication, 2003), 
based on trenching at Hog Lake (see figure 2) has indicated that 6 M~7 earthquakes have 
occurred in the last thousand years, and that the average rate of occurrence of such 
earthquakes is more than 4 per thousand years over the last ten thousand years. The rate 
along the Elsinore fault is about half that for the San Jacinto fault.  Thus the precarious 
rocks documented here have been exposed to dozens of earthquakes from the two faults, 
and offer the possibility of obtaining strong statistical constraints on ground motion from 
M~7 earthquakes along the two faults. 

Figure 1 shows an example of one of the precariously balanced rocks in the 
Riverside-Aguanga line. Figure 2 shows locations of the rocks on the geologic map of the 
region.  The rocks are located within a few km of a line halfway between the San Jacinto 
and Elsinore faults. Granite outcrops, indicated in pink, occur over most of the area 
between the two faults. Our reconnaissance surveys covered all areas of granite outcrops, 
but precariously balanced rocks were found only near the line halfway between the two 
faults. The granite in the area is relatively uniform in appearance and has relatively low 
topography.  Except for the San Jacinto and Elsinore faults there are relatively few 
mapped faults in the granite. The seismicity of the region between the two faults is very 
low.  Recent seismicity maps show essentially no earthquakes, even at small magnitudes.  
This suggests that there are no unrecognized seismically active faults in the region. 

 

PRELIMINARY ESTIMATES OF TOPPLING ACCELERATIONS 

Preliminary estimates of toppling accelerations can be made from field observations or 
from photographs. More accurate estimates require field testing and computer modeling 
(Anooshepoor et al., 2004).  Here we compare preliminary estimates with current 
attenuation curves and seismic hazard maps. 
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Figure 3 shows an approximate acceleration profile perpendicular to the San 
Jacinto and Elsinore faults, with the range of estimated toppling accelerations plotted as a 
circle, with range bars for the range of locations and range of preliminary estimates of 
toppling accelerations. The smooth red lines are recently published curves for peak 
ground motion attenuation as a function of distance from strike-slip earthquakes of M=7 
from Ned Field’s Open SHA website (Abrahamson and Silva, 1997, plotted from the left 
margin for one fault and the right margin for the other).  The upper green curve 
represents the median plus one standard deviation for these curves.  Also plotted (in 
brown) are acceleration values from the most recent seismic hazard maps for the region, 
published by the USGS and CGS (2% in 50 year values, i.e., recurrence times of 2475 
yrs). 

DISCUSSION 

The estimated upper-bound toppling accelerations for the most precarious rocks in the 
Riverside Aguanga line are about 0.2-0.3 g. These values are roughly consistent with, but 
slightly above, the median values for the upper attenuation curves.  These upper curves 
do not include a regression for the effect of sedimentary basin depth. The lower two 
curves ( in blue) include regression for basin depth, with the basin depth set to zero 
(Field, 2000).  The precarious rock data are not quite as consistent with the median plus 
one standard deviation curves (about 0.05 g lower).  If the estimate of several dozen 
earthquakes in the sample is correct we might have expected the plus-one-sigma curves 
to have been exceeded. 

The toppling accelerations are not consistent with the 2% in 50 yr hazard maps 
(2475 yr recurrence).  Since the rocks have been in place for thousands of years the 2475 
yr recurrence accelerations should have occurred at least once, and would have knocked 
the rocks down.  This inconsistency with low probability hazard values has been found 
from the beginning of the precarious rock studies (Brune, 1996; Brune 1999).  

This inconsistency, and the general evidence from the precarious rocks, may be 
important for testing some of the other assumptions that go into calculating PSHA (in 
addition to median and standard deviation of ground motion attenuation curves), i.e., the 
ergodic assumption, the assumption of random background earthquakes, and the 
assumption of a particular smoothing distance for historical seismicity. 

The inconsistency with low probability hazard maps has led Anderson and Brune 
(1999) to suggest that the usual PSHA methodology has made an erroneous statistical 
assumption, the so called ergodic assumption, in which the spatial scatter in ground 
motion values from a few earthquakes, representing a small fraction of 2475 years, is 
assumed to represent the scatter in ground motion over long periods of time at a 
particular site from repeated earthquakes on the same fault.  The counter assumption 
would be that repeated earthquakes on the same fault produce similar motions at a 
particular site (“characteristic ground motion earthquakes”, Brune, 1999). 

Of course, since the precarious rock data represent upper bounds, we cannot 
distinguish between the following alternative explanations: (1) the medians are 
approximately correct but the ergodic assumption is wrong,--i.e., the time-scatter 
assumed is too great, and (2) the medians are too low,(as suggested by the limited data 
from three recent earthquakes Turkey, Taiwan, and Alaska), and the time-scatter is 
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approximately correct, or (3) some combination of these.  All we can say is that the 
precarious rock data are inconsistent with the low probability seismic hazard maps based 
on the current medians and the ergodic assumption.  Further study will be required to 
definitively eliminate this ambiguity.  

 

CONCLUSIONS 

A spectacular band of precariously balanced rocks extends from Riverside, CA, to 
Aguanga, CA, , half-way between the Elsinore and San Jacinto faults, presumably a 
result of the attenuation of strong ground motion from numerous large (M about 7) events 
along these two faults(two in historic times, in 1899 an 1918. 

The estimated toppling accelerations for these rocks is about 0.2-0.3 g,- roughly 
consistent  with the median predicted value of ground motion for M=7 earthquakes, but 
lower than + sigma ground motions, and much lower than the values from the 2% in 50 
year hazard maps. Preliminary interpretations of the  data are consistent with the concept 
of “characteristic” ground motion earthquakes,  or with median values lower than 
assumed in current attenuation curves. 
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Figure 2: Geologic map showing locations of 
precariously balanced rocks between the San 
Jacinto and Elsinore faults.  Note location of 
Hog Lake where numerous large earthquakes 
have been documented by fault trenching (Tom 
Rockwell, personal communication).  Also, two 
historic M~ 7 earthquakes have occurred near 
the town of San Jacinto. 

Figure 3: Preliminary estimates of 
toppling accelerations for rocks in the 
line between Riverside and Aguranga, 
halfway between the San Jacinto and 
Elsinore faults.  The colored lines are 
median values for recent attenuation 
curves from Ned Field’s Open SHA 
website, plotted from the Elsinore Fault 
on the left and the San Jacinto fault on 
the right.  

Figure 1:  Benton Road 
Precarious Rock 


