
Seismic Detect ion Of Subsur face Karst-Like 
S tructures

Karst  i s  ubiquitous  on the peninsula  of  Qatar, inc luding depress ions, s inkholes , and caves . Aer ia l 
reconnaissance indicates  that  the widespread depress ions, s inkholes , and caves  reveal  NE-SW and NW-
SE or ientat ions , s imi lar  to  the jo int  and fracture  systems. Fault ing and fractures  play  a  major  role  in 
the development of  karst , where f lu ids  f ind pathways  through l imestone and dissolve  the host  rock. The 
resul t ing f i ssures  may grow larger  as  more sur face  water  i s  funneled through to form cavi t ies  or  karst . 
S inkholes  may a lso form, when cavern roof s  col lapse, and i t  i s  this  last  character is t ic  that  i s  of  concern 
to rapid ly  growing metropol i tan areas , that  expand in heretofore  unexplored regions. Qatar  has  seen a 
recent  boom in construct ion, inc luding the planning and development of  complete  new sub-sect ions of 
metropol i tan areas . Before  planning and construct ion can commence, the development areas  need to be 
invest igated to determine their  sui tabi l i t y  for  the planned project . Of par t icular  concern to construct ion 
projects  are  ubiquitous  karst  features  that  are  prone to col lapse, par t icular l y  when sur face loading is 
increased due to construct ion. In this  s tudy, we present  a  spectra l-based analys is  to  se ismical l y  detect  the 
presence of  karst- l ike  subsur face void in Doha, Qatar.  
 
Seismic waves  are  wel l  sui ted for  karst  detect ion and character izat ion. Voids  represent  high-contrast 
se ismic objects  that  exhibit  s t rong responses  due to incident  se ismic waves . However, the complex 
geometr y  of  karst , inc luding shape and s ize, makes  their  imaging nontr iv ia l . W hile  karst  detect ion can 
be reduced to the s imple  problem of  detect ing an anomaly, karst  character izat ion can be complicated 
by the 3D nature  of  the problem of  unknown scale, where i r regular  sur faces  can generate  di f f racted 
waves  of  di f ferent  kind. In our  current  project  we use  an innovat ive  approach to detect  and character ize 
subsur face voids  by spectra l  se ismic analys is . We devised an i terat ive  approach to progress  f rom 
symmetr ica l l y  shaped subsur face voids  with known geometr y  to  more complex geometr ies  and final l y  to 
rea l i s t ic  karst  features . In the current  paper, we present  resul ts  f rom a se ismic imaging exper iment of 
a  ver t ica l  water-col lect ion shaf t  located on the campus of  Qatar  Univers i t y. The exper iment consisted 
of  four  se ismic l ines , inc luding two geophone and two source l ines , or iented in a  rectangular  geometr y 
surrounding the water-col lect ion shat . The se ismic source was  a  10 kg s ledge hammer, whi le  the 
geophones consisted of  three-component  10 Hz sensors . Seismic source and geophone spacing was 0.5 
m, whi le  each l ine was  15.5 long. The water  col lect ion shaf t  had a  diameter  of  2 .7 m and an approximate 
depth of  4  m. Seismic waves  scatter ing off  the shaf t  were v is ib le  in  ambient  noise  records  and in 
unprocessed data  generated by the se ismic source. We wi l l  present  the resul ts  of  our  novel  approach 
us ing spectra l  analys is  of  scattered se ismic wave to determine the locat ion and to est imate the volume 
and dimensions of  the water-col lect ion shaf t .
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