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The presence of subsurface cavities, either the natural or 
the man-made, can cause great public safety hazards. The im-
portance of detecting such cavities results in the application of 
existing methods and the development of new complementary 
methods. Seismic Rayleigh surface wave imaging is a relatively 
new non-destructive technique which generates subsurface 
images without drilling boreholes into the ground. In the last 
decade, some researchers have applied the technique to near-
surface cavity imaging and showed the possibility and potential 
for the future practical use of this technique.

This study presents the research and development of 

Atlantic Geology, 2005, Volume 41, Number 1 
Copyright © 2015 Atlantic Geology



Atlantic Geology 85

using seismic Rayleigh waves to detect and image subsurface 
cavities. This study made new investigations in the use of 
Rayleigh wave behaviours in subsurface cavity media, then 
evaluated the potential of using Multichannel Analysis of 
Surface Wave (MASW) seismic techniques to image near 
surface voids. This work is based on literature review and in 
situ test on Sexton Campus of Dalhousie University, Halifax, 
Nova Scotia, Canada. The primary test fi eld was the Montague 
Gold District, Dartmouth, Nova Scotia, Canada. The fi eld is 
a historical gold mining area with numerous narrow steeply 
dipping mine workings, actively subsiding or collapsed crown 
pillars, and laterally inhomogeneous bedrock. Seismic surveys 
were conducted at three test sites using portable components 
and an effective geophone spacing of 1 m. A complementary 
gravity survey was also conducted at one of the sites.

Two main strategies for the fi eld data signal processing were 
used. Pre-processing focused on techniques which highlighted 
and then isolated the direct Rayleigh waves for each waveform. 
Then, for the imaging goal, based on dispersion curves derived 
from MASW, two new imaging techniques were developed 
which were applied to the resulting pre-processed seismic 
sections: time delay mapping and shear velocity imaging. 
Both techniques showed the presence of time-delay or velocity 
anomalies where mine workings were mapped or inferred from 
surface subsidence patterns. Velocity imaging proved greater 
potential to image both the shape and position of the voids. 
Gravity surveying agreed with both the time-delay and velocity 
images and highlighted the use of complementary geophysical 
techniques to image near-surface voids.

  

 

 

 

    




