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Abstract Seismic tomography methods based on surface wave dispersion curves have been instrumental in
investigating subsurface shear wave velocity structures at different scales. In recent years, the direct surface
wave travel-time tomography (DSurfTomo) algorithm has been widely applied to solve three-dimensional shear

wave velocity structures at scales ranging from several kilometers to thousands of kilometers. This is attributed
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to its enhanced utilization of seismic dispersion data and incorporation of horizontal correlation constraints for
heterogeneous media. Generally, for small-scale seismic tomography with exploration depths reaching up to 3
km, such as in urban planning and mineral exploration, a local Cartesian coordinate system is employed for
velocity model construction. However, DSurfTomo relies on the fast-marching method within a spherical
coordinate system to calculate theoretical surface wave travel-times and perform seismic ray-tracing, making it
more suitable for regional scale studies. To adapt DSurfTomo to smaller scales, we have developed a three-
dimensional direct tomography algorithm for surface wave travel times based on the Cartesian coordinate
system. Numerical experiments demonstrate that the newly proposed algorithm can be effectively applied to a
smaller seismic array apertures as small as 100 meters. The validity of the new DSurfTomo program has been

confirmed using actual surface wave dispersion data from a small-scale seismic array deployed in a mine in

Yangquan, Shanxi province.
Keywords
scale
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Fig. 1 Flowchart of direct three-dimensional surface wave travel-time tomography algorithm in a Cartesian coordinate system
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Fig. 2 Configurations of the seismic array with an aperture of 196 km and horizontal grid points for
discretizing the velocity model in different coordinate systems

(a) Spherical coordinate system; (b) Cartesian coordinate system. The triangles denote stations, and the dots mark the model horizontal grid points. The triangle

wrapped by a circle denotes a virtual source that is used to compute the surface wave travel-time field.
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error of theoretical surface wave travel-time. The black lines with squares and dots are for Cartesian and spherical coordinate systems, respectively.
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Fig. 4 Configurations of Yangquan seismic array in different coordinate systems

(a) China Geodetic coordinate system 2000; (b) Local Cartesian coordinate system. The black triangles mark seismometers. The four survey lines are the
locations of AA', BB', CC' and DD' profiles.
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Fig. 5 Histograms of station-pair spacing errors and surface wave travel-time errors for different coordinate systems

(a) Histogram of station-pair spacing absolute errors; (b) Histogram of station-pair spacing relative errors; Histograms of theoretical absolute travel-time errors

for spherical coordinate system (c) and Cartesian coordinate system (d); Histograms of theoretical travel-time relative errors for spherical coordinate system (e)

and Cartesian coordinate system (f).
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Fig. 6 Relative error distributions of surface wave travel-time with station-pair spacing for different coordinate systems

(a—c) Spherical coordinate system; (d—f) Cartesian coordinate system. The horizontal coordinates represent station-pair spacing, the vertical coordinates

represent theoretical surface wave travel-time, and colored dots represent relative errors of surface wave travel-times.
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Fig. 7 Distribution of horizontal tomographic grid points for different coordinate systems

(a) Spherical coordinate system; (b) Cartesian coordinate system. Triangles mark stations. Points mark tomographic grid points.
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Fig. 10

Distributions of percentage differences in Vg models derived from DSurfTomo algorithm based on

different coordinate systems

(a) Slices of percentage differences in inverted Vg at various depths; (b) Profiles of percentage differences in inverted Vg along different survey lines.

AA', BB', CC' and DD' survey lines are shown in Fig.4.
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