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Abstract 

The seismic shear-wave velocity in the upper 30 m of the Earth (hereafter, VS30) is widely 
used to characterize local seismic site conditions and predict ground-motion amplification. 
Previous studies have mapped the spatial distribution of VS30 based on its correlation with 
lithology and topographic slope. While this approach provides a reasonable first-order prediction 
of VS30, significant discrepancies still exist between predicted and measured VS30 values. Our 
project evaluated the hypothesis that topographically induced bedrock fracture and weathering 
patterns influence the spatial variability of VS30 in southern California. We took a two-step 
approach to examine the controls of local variations of VS30 in southern California. First, we 
measured and compiled VS30 from P-wave seismic refraction surveys. Second, we calculated 
elastic topographic stress distribution beneath the topographic profile using a boundary element 
model. Our initial results showed that the VS30 of the San Bernardino Mountains is slower than 
the VS30 of the San Gabriel Mountains. In our SGM site, the spatial distribution of stress model 
proxy shows a similar distribution with the P-wave tomography from our seismic refraction 
survey. The initial results of this work suggest a potential control of topographic stress on 
bedrock weathering and VS30, which we will continue to investigate. Our work will provide a 
systematic understanding of the spatial variation of bedrock weathering in mountainous sites in 
southern California, which will improve the characterization of subsurface shear-wave velocity 
and seismic site conditions. 

Objective 

We aim to improve the prediction of the shear wave velocity in the upper 30 m of the 
crust (VS30) by evaluating the potential control of topographic stress on bedrock weathering and 
VS30. Previous studies have calculated the spatial variation of Vs30 using proxies such as 
lithology, topographic slope, and terrain features (e.g. concavity, alluvial fans, volcanic 
sediments) (Wills et al., 2000; Wills and Clahan, 2006; Allen and Wald, 2009; Yong et al., 2012; 
Stewart et al., 2014; Yong, 2016). However, there are still discrepancies between predicted VS30 
values from proxies and measured Vs30 values.  We evaluate the hypothesis that 
topographically induced bedrock fracture and weathering patterns influence the spatial 
variability of VS30 in southern California. 
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Approach 

We take a two-step approach to examine the controls of local variations of Vs30 in 
southern California. First, we measured and compiled Vs30 from P-wave seismic refraction 
surveys. We conducted two P-wave seismic refraction surveys to image up to ~50 m of the 
subsurface in the San Gabriel Mountains (SGM) and San Bernardino Mountains (SBM). In order 
to capture the topographic variation on subsurface seismic velocities, both surveys were 
conducted along topographic profiles that include local hillslope and valley. The refraction 
survey was conducted with sledgehammer-induced impacts along a 240 m seismic line with 5 
Hz geophones spaced 5 m apart. Using first P-wave arrivals, we constructed P-wave seismic 
tomography profiles to depths of 50 m. In addition to our survey, we compiled existing seismic 
data from USGS seismic surveys that used both passive and active body-wave and surface-
wave techniques (Yong et al., 2013). In total, we acquired the results of 12 seismic surveys 
within the SGM and SBM.  

Second, we calculated elastic topographic stress distribution beneath the topographic 
profile using a two-dimensional displacement discontinuity method called TWODD (Martel, 
2000; Martel and Muller, 2000; Slim et al., 2015). This method uses a topographic profile as 
zero traction boundary and calculates the elastic stress distribution in the presence of gravity 
and horizontal tectonic stress. Using high-resolution topography from 1m LiDAR DEM 
(opentopography.org), we discretized the topographic profile into line segments and calculated 
the two-dimensional stress distribution based on valley-perpendicular horizontal tectonic 
compressive stress (σt). We calculated the spatial distribution of the stress proxy, failure 
potential, which represents the potential for dilating or shearing existing fractures based on 
Coulomb fracture criteria (Iverson and Reid, 1992; Yeo et al., 1998). 

Results 

 From our seismic refraction surveys as well as the seismic data from Yong et al. (2013), 
we observed that the VS30 of the SBM is slower than the VS30 of the SGM (Figure 1a). The 
median VS30 is 731 m/s for the SGM and 552 m/s for the SBM. In addition, we observed that the 
depths to a P-wave velocity of 1200 m/s in the SBM are deeper than those in the SGM. The 
median thickness of the weathered zone is 2.5 m for the SGM and is 10.8 m for the SBM 
(Figure 1b). We considered the depth to 1200 m/s to represent the thickness of the weathered 
zone that includes soil and both chemically and physically weathered bedrock. This is based on 
the previous studies, which interpreted the velocity of < 2000 m/s as the boundary between 
saprolite and fractured bedrock (Holbrook et al., 2014; St. Clair et al., 2015). The thicker 
weathered zones in the SBM likely cause slower VS30 values in the SBM. Currently, we are 
investigating the potential controls for the variations in the subsurface weathered zone and VS30 
in the SGM and SBM, which include lithology and mineral composition, geologic setting, climate, 
and topography. 
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Figure 1: A comparison of seismic site condition controls in the SGM and SBM. (a) Boxplot 
showing the ranges of the Vs30 values for SGM and SBM sites. (b) Boxplot showing the ranges 
of the depth to P-wave velocity of 1200 m/s for SGM and SBM sites.  

In our SGM site, the spatial distribution of the failure potential based on the σt value of 2 
MPa shows a similar distribution with the P-wave tomography from our seismic refraction survey 
in the SGM (Figure 2). The fracture-rich zone is thicker in the hillslope than in the valley, which 
correlates with the slower P-wave velocities in the hillslope. Our investigation reveals a 
significant variation of Vs30 within the hillslope scale, such that VS30 beneath the valley is ~25% 
faster than VS30 beneath the hillslope. A general correspondence between modelled topographic 
stress and measured near-surface seismic velocity in the SGM suggest a possible control of 
topographic stress on weathering zone and VS30 in SGM. We will continue to examine this 
control of topographic stress on VS30 in other locations within SGM and SBM in southern 
California. 

This SCEC project supported two graduate students in UCLA (Jessica Lin and Tian 
Feng). Graduate student Jessica Lin is working on bedrock weathering in both SGM and SBM in 
southern California. In collaboration with Alan Yong and Antony Martin, she plans to extend 
topographic stress calculations to other locations in Yong et al., 2013. She was recently 
awarded high-resolution LiDAR data in the SBM (e.g., 1 m) from the National Center for 
Airborne Laser Mapping (NCALM), which will allow us to calculate 3D topographic stress and 
constrain topographic variables such as slope, catchment size variations, and landslide scars. 
The results of this work will provide a systematic understanding of the spatial variation of 
bedrock weathering in mountainous sites in southern California, which will improve the 
characterization of subsurface shear-wave velocity and seismic site conditions. 

Graduate student Tian Feng is actively working on a related project under the SCEC 
support. In collaboration with Behzad Hassani and Alan Yong, Tian and Co-PI Lingsen Meng 
are trying to improve the characterization of the seismic site amplification effect based on 
microseismic data. Specifically, they measure the site fundamental frequency (f0), which 
correlates with the thickness and shear-wave velocity (VS) of the soil layer. Currently, f0 values 
obtained from earthquake recordings are compared with those derived from microseism. Our 
preliminary results indicate that the f0 values from earthquake response spectra are on average 
0.80 times the f0 values from microseism Fourier spectra, with a standard deviation of 
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0.25.  The results of this study have significant applications for better characterizing the site 
response in ground-motion prediction equation models as well as in building codes. 

 

Figure 2:  A comparison of the topographic stress proxy (failure potential for shear fractures) 
and seismic P-wave velocity for the SGM site. (a) The distribution of the failure potential from a 
horizontal stress value of 2 MPa and the seismic velocity. (b) The measured P-wave velocity (c) 
The average S-wave velocity for the upper 30 m using the relationship Vp= 3Vs. 

 

Figure 3: Photo from field trip at San Gabriel Mountains in May 2016 
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Results of the proposal 

The preliminary results of this proposal were presented in SCEC, AGU, and SSA meetings.  

1. Lin J., Moon S., Meng L., Davis P., (2016) Topographic Influence on Near-Surface Seismic 
Velocity in southern California, SCEC fall meeting  

2. Lin J., Moon S., Meng L., Davis P., (2016) Topographic Influence on Near-Surface Seismic 
Velocity in southern California, AGU Fall Meet., S33B-2835.  

3. Lin J., Moon S., Meng L., Yong A., Martin A., Davis P., (2017) Topographic Influence on 
Near-Surface Seismic Velocity in southern California, SSA meeting (upcoming).  
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