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Intellectual Merit/abstract 
We perform ambient noise tomography (ANT) using data recorded on 342 seismographs within a 
50\times50~km area inside which the July 2019 M7.1 and M6.4 Ridgecrest earthquakes occurred. 
We used the locally sparse tomography (LST) method, an unsupervised machine learning approach 
that learns to represent small-scale geophysical structures using only data from the immediate 
study.  
The Rayleigh group speed obtained from LST better predicts travel times than conventional 
regularized least-squares inversion. 
The 3D shear velocity model of the area obtained from the surface wave dispersion maps reveals a 
highly heterogeneous low-velocity zone (LVZ, with the primary velocity reduction in the upper 2-3 
km) around the causative faults for the M7.1 and M6.4 events, with a 40\% reduction of the shear 
wave velocity. Further, correlation of other imaged LVZs in the model area with parts of the Little 
Lake Fault System without recent activity may indicate long-lasting damage zones.  
 
 
Broader Impacts 
The work has supported one graduate student and one Postdoctoral researcher. 
 
REPORT 
The project is carried out by graduate student Zhen Zhou with Peter Gerstoft as lead-PI. Post 
Doc Michael Bianco will also be active in the project. Professor Kim B Olsen will also participate 
in the project. We have previously collaborated in the Long Beach paper [Bianco 2019]. 
 
(1) We have Performed noise cross correlation and quality check. Extract group and phase 

travel times. 
(2) We have Performed inversion with least-squares regularization [Aster 2013] to help validate the low-

velocity zones in the proposed group speed maps. This will consider the distribution of the rays and 
also the distribution of noise sources, as the arrays in the study are irregularly distributed. We will 
perform cross-validation to obtain the model that best predicts the travel times.  

(3) We have Perform LST tomography study for a series of surface wave frequency bands. We will use 
the least squares inversion to perform quality-control on the array data, and use the resulting group 
speed map to initialize the LST tomography approach. We analyzed where LST proposes 
improvements to the velocity model. We correlate these results with geological studies. This work 
will include a parameter selection study and uncertainty quantification.  

(4) Use the imaged 2D phase velocities to obtain a 3D Earth velocity structure by expanding the single 
frequency maps in depth. This may involve further development of the LST code to also estimate 3D 
velocity (versus conventional approach of 2D slices).  

(5) We have presented at the   work at 2 conferences.  
We have published a GRL paper: Zheng Zhou, Michael J Bianco, Peter Gerstoft, and Kim 
Olsen (2022), High-resolution Imaging of Complex Shallow Fault Zones Along the July 2019 
Ridgecrest Ruptures, Geophys Res Lett, 49, e2021GL095024, 2022. Please see attached. 

 
4a: SSA 2021, Session: Fault	Damage	Zones:	What	We	Know	and	Do	Not	I, Day: 
4/20/2022 
Abstract Title: Ambient	Noise	Tomography	of	the	Ridgecrest	Fault	Damage	
Zones:	What	We	Know	and	Do	Not 
Authors: Zheng Zhou, Peter Gerstoft, Michael Bianco, and Kim Olsen 
 



 
2021 SCEC Annual Meeting, Abstract ID: 10701, Poster ID: 064, Date: 09/14/2020 
Poster Title: "Machine Learning-Based Tomography of the Ridgecrest Region" 
Authors: Zheng Zhou, Peter Gerstoft, Michael Bianco, and Kim Olsen 

 
 
In Figure 1, a composite 3D image of Rayleigh wave velocities in the Ridgecrest area, obtained 
from inversion of Rayleigh waves dispersion. Low velocity zones can be observed around the 
flower-shaped structures. A composite 3D image of Rayleigh wave velocities obtained by the 
sparse arrays is shown in Figure below. Generally, the surface traces from the M6.4 and M7.1 
Ridgecrest events intersect the cross sections at the center of the LVZs, and the shallow cross 
sections reveal distinct LVZ flower structures, as observed by Zigone [2019]. However, the 
complexity of the fault zone, as characterized from the variation of particularly the width of the 
LVZ, is remarkable. For example, the fault zone at arrays A1 and B1 appear to delineate two or 
more separate low-velocity parts of the fault zone, which may represent a concentration of 
damage along different locations of the rupture for past events. 
 
 



 
Figure 1: (a) Vertical cross section of the shear wave velocities from the A1, A2, B1, B2, B3 and 
B4 station arrays. The intersection with the surface rupture of the M6.4 and M7.1 Ridgecrest 
events (green circles) and 2 km/s contours (white lines) are indicated. (b) Composite 3D image of 
shear wave velocities obtained from inversion of Rayleigh waves dispersion curves, delineating 
flower-shaped LVZs. 



 


