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ABSTRACT INTRODUCTION

METHODS
• Seismic data were collected using 100 Fair�eld 3-component seismic nodes bor-

rowed from the EarthScope PASSCAL Instrument Center (EPIC).
• Nodes were deployed over two days (one line per day), with data collected for a 

minimum of 4 hours (Fig. 2).
• Analyses were done using the VsSurf ReMi 2dS™ software from Terēan.
• Data were gathered into 30 minute records, which were combined for refraction 

microtremor processing and modeling.
• Velocity pro�les were modeled for each whole line, and for 9, 20-node subarrays-

for each line (Figs. 3 and 4). 
• The subarrays were then stitched together to form 2D velocity pro�les.
• The 2D velocity pro�les for each line used picks from the subarrays as well as 

deep picks from the full array (Fig. 5). 

The presence and extent of landslide deposits are key bases for understand-
ing long-term landslide occurrence. However, in tectonically active basins 
landslide deposits frequently become buried, resulting in an incomplete 
record. Confirming the presence of buried landslide deposits generally re-
quires expensive techniques like drilling boreholes. In this study we used 
deep refraction microtremor surveys to test whether buried landslide de-
posits show systematic variability in shear- wave velocity relative to an area 
without landslide deposits.

The study involved collecting two microtremor arrays in western Washoe 
Valley, NV. The Carson Range bounds the west side of the valley, bounded 
by the Sierra Nevada Frontal Fault system. The Slide Mountain landslide 
complex, which contains a stack of at least 10 Quaternary landslide depos-
its, sits in the northwestern part of Washoe Valley. The landslides were 
sourced from Slide Mountain granitic material, flowing down Ophir Creek 
and exiting onto the valley floor. No other current or past landslide complex 
is apparent along the western range front.

Two passive-source linear arrays were collected on the western side of 
Washoe Valley. One array (Slide) was placed across the toe of the Slide 
Mountain landslide complex near Ophir Creek. The second array (Frank-
town) was ~2 km south in an area with no apparent past landslide deposi-
tion. Each line consisted of 100 Fairfield 3‐component seismic nodes with 
~22 m spacing for total line lengths of 2.2 km. The nodes collected data for 
~4 hours for each array and data were analyzed using VsSurf ReMi 2dS™ 
from Terēan. The Slide array shows abundant heterogeneity in the upper 
~200 m (including velocity inversions) that are not present in the Franktown 
array. We interpret the heterogeneity in the Slide array to represent land-
slide deposits, with velocity heterogeneity resulting from the generally 
larger but variable clast size in the landslide deposits. The more homoge-
neous Franktown array is interpreted to not record any landslide deposits. 
These results suggest that landslide deposits can be identified in the subsur-
face using the refraction microtremor technique. 

• The goal of this project is to test whether buried landslide deposits can be identi-
�ed using the passive-source deep refraction microtremor technique

• Refraction microtremor generates subsurface shear wave velocity pro�les 
• We hypothesize that areas with buried landslide deposits will generally have higher 

shear wave velocities and more lateral variability than areas without buried land-
slide deposits

• To test this hypothesis, we collected data along two ~2.2 km-long arrays in Washoe 
Valley, NV during 2 days in June 2021

• Line1 was across the toe of the Slide Mountain landslide complex, whereas Line 2 
was farther south, in an area with no known landslide events (Figs. 1 and 2)

Figure 2. Field photos from deployment. A. Fair�eld seismic nodes. B. Node deployment.
C. Field crew measuring Line 1. D. Field crew measuring line 2. E. Field crew for Line 1,
including faculty and students from University of  Cincinnati and University of Nevada,
Reno. F. Photo of Slide Mountain (background) and landslide deposits (foreground).
All photos from D. Sturmer except A (from PASSCAL website).   
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Figure 3. Picks (boxes) for Line 1 on VsSurf ReMi™ software dispersion images in the frequency-slowness domain for frequencies of 0-10 Hz. A. Full data set. B. Sub-array 3, nodes
20-39 (midpoint at 675 m). C. Sub-array 5, nodes 40-59 (midpoint at 1125 m). D. Sub-array 8 (midpoint at 1800 m). E. Example model �t of dispersion curve (top) and resulting
velocity model for the upper 200 m of the subsurface (bottom). Model is for Sub-array 5. Note that velocity inversions were present in line 1 but not in line 2. 
The Line 1 dispersion results show many veritcal runs of dispersion, where phase velocity is constant over a range of frequencies. Vertical runs can suggest velocity inversions.

Figure 4. Picks (boxes) for Line 2 on VsSurf ReMi™ software dispersion images in the frequency-slowness domain for frequencies of 0-10 Hz. A. Full data set.  B. Sub-array 3, nodes
20-39 (midpoint at 675 m). C. Sub-array 5, nodes 40-59 (midpoint at 1125 m). D. Sub-array 8 (midpoint at 1800 m). E. Example model �t of dispersion  curve (top) and resulting
velocity model for the upper 200 m of the subsurface (bottom). Model is for Sub-array 5. Vertical runs of dispersion are much more rare on Line 2.   

Figure 5. 2D shear-wave velocity-depth pro�les for lines 1
(upper) and 2 (lower) from Terēan’s VsSurf ReMi 2dS™ software.
Heterogeneity and velocity inversions with depth in the low-
velocity basin �ll may result from blocky landslide deposits.
 

Figure 6. Current USGS-NEHRP project making deep refraction
microtremor and gravity surveys in Reno-Stead and the
Tahoe-Reno Industrial Center at the stations shown here at
http://ds.iris.edu/gmap/#network=5K&planet=earth
Assessing thickness of basin sediments will allow improved
seismic-shaking predictions in these areas, which host more
than 20,000 jobs (e.g., Tesla, Panasonic, Amazon).
Christopher Kratt and CTEMPs (http://ctemps.org) are key
facilitators for this year’s �eld and analytical work. 
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Figure 1. Geologic map showing location
of two seismic arrays (Lines 1 and 2) and 
the Slide Mountain landslide complex. 
Map from Carlson et al. (2019). Map in 
lower right shows approximate location 
of map within Nevada.   
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Data for this survey are available at Sturmer, D. and Louie, J., 2021, 
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https://doi.org/10.7914/SN/Z8_2021
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Continuing Work: Assessing Potential for
Basin Ampli�cation of Seismic Shaking in

Reno’s Industrial Areas

Results: Landslide Deposits
Show Velocity Inversions

• Line 1 has abundant lateral heterogeneity in the shallow subsurface that is not observed in Line 2.
• Velocity inversions also occur in Line 1 but not in Line 2. 
• Heterogeneity in Line 1 is interpreted to represent landslide deposits, with faster velocities resulting from 

dominantly larger clast size within the landslide deposits. 
• Line 2 is more homogeneous, suggesting abscence of landslide deposits in the subsurface and a more uni-

form depositional history and environment along that array.
• These initial analyses suggest that landslide deposits can be identi�ed in the subsurface using the refraction 

microtremor technique.
• H/V spectral analysis as well as interferometric analyses will be performed on this data set.
• We will search for any well-log and gravity data from the area to tie to the velocity pro�les.
• Further testing will include other basins with known buried landslide deposits and areas suspected of 

having buried landslide deposits.
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