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Geologic	
  map	
  showing	
  the	
  loca1ons	
  of	
  
	
  EARTHSCOPE	
  Transportable	
  Array	
  sta1ons	
  	
  
installed	
  as	
  of	
  April,	
  2011,	
  as	
  well	
  as	
  	
  
other	
  regional	
  broadband	
  sta1ons.	
  
 

Gulf Coast region used for attenuation 
study.  



	
  Circles	
  show	
  epicenters	
  of	
  16	
  earthquakes	
  listed	
  in	
  Table	
  1.	
  

	
   	
  Table	
  1	
  
No.	
  	
  State	
  	
   	
  	
  	
  	
  	
  Date	
  	
  	
  	
   	
  	
  	
  Lat.	
  	
  	
  	
  	
  	
  	
  Long.	
  	
  	
  	
  	
  	
  Moment	
  Magnitude	
  
1	
  	
  	
  	
  	
  OK 	
  10-­‐13-­‐2010 	
  35.202	
  	
  -­‐97.309	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.33	
  
2	
  	
  	
  	
  	
  	
  AR 	
  10-­‐15-­‐2010 	
  35.276	
  	
  -­‐92.322 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.80	
  
3	
  	
  	
  	
  	
  	
  AR 	
  11-­‐20-­‐2010 	
  35.316	
  	
  -­‐92.317 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.90	
  
4	
  	
  	
  	
  	
  	
  OK 	
  11-­‐24-­‐2010 	
  35.627	
  	
  -­‐97.246 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.90	
  
5	
  	
  	
  	
  	
  	
  OK 	
  12-­‐27-­‐2010 	
  35.540	
  	
  -­‐96.750 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.15	
  
6	
  	
  	
  	
  	
  	
  OK 	
  12-­‐12-­‐2010 	
  35.392	
  	
  -­‐96.995 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.20	
  
7	
  	
  	
  	
  	
  	
  AR 	
  02-­‐17-­‐2011 	
  35.276	
  	
  -­‐92.361 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.80	
  
8	
  	
  	
  	
  	
  	
  AR 	
  02-­‐18-­‐2011 	
  35.257	
  	
  -­‐92.370 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.90	
  
9	
  	
  	
  	
  	
  	
  AR 	
  02-­‐18-­‐2011 	
  35.271	
  	
  -­‐92.377 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.10	
  
10	
  	
  	
  	
  AR 	
  02-­‐28-­‐2011 	
  35.265	
  	
  -­‐93.340 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.65	
  
11	
  	
  	
  	
  AR 	
  04-­‐07-­‐2011 	
  35.350	
  	
  -­‐92.373 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.73	
  
12	
  	
  	
  	
  AR 	
  04-­‐08-­‐2011 	
  35.261	
  	
  -­‐92.362 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.90	
  
13	
  	
  	
  	
  OK 	
  11-­‐06-­‐2011 	
  35.537	
  	
  -­‐96.747 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5.60	
  
14	
  	
  	
  	
  TX 	
  09-­‐11-­‐2011 	
  32.874	
  	
  -­‐100.876	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.40	
  
15	
  	
  	
  	
  TX 	
  10-­‐20-­‐2011 	
  28.806	
  	
  	
  -­‐98.147	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.60	
  
16	
  	
  	
  	
  TX 	
  05-­‐17-­‐2012 	
  31.902	
  	
  	
  -­‐94.332	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.83	
  

	
  	
  







A	
  ij	
  (f)	
  =	
  Fourier	
  acceleraMon	
  amplitude	
  (geometric	
  mean	
  of	
  the	
  two	
  horizontal	
  components),	
  
Si	
  (f)	
  	
  =	
  Earthquake	
  source	
  amplitude	
  spectrum,	
  
G(rij	
  )=	
  Geometrical	
  spreading	
  (independent	
  of	
  frequency	
  f),	
  
Rj(f)	
  =	
  Receiver	
  (Site)	
  amplitude	
  term,	
  
rij	
  	
  	
  	
  =	
  epicentral	
  distance,	
  from	
  ith	
  earthquake	
  to	
  the	
  jth	
  receiver	
  staMon.	
  
V	
  	
  =	
  Lg	
  velocity	
  (3.53	
  km/s).	
  

 
 

Regression Model 



Geometrical Spreading Model 1 

Geometrical Spreading Model 2 



The receiver terms Rj for the jth station at each of 12 frequencies between 
0.25 and 12 Hz can be used to estimate Aj and kj by linear regression. 
 
The zero frequency intercept term Ln(Aj) represents a frequency-independent 
"Site Factor" for each receiver. 

The source terms Si (for a unit distance) do not include the radiation pattern or 
a free surface effect.  Hence, a factor of approximately 2, due to the free 
free surface, will be absorbed in the site factor Aj. The radiation pattern term 
will contribute to scatter in the site factors. 



	
   	
   	
  EsMmates	
  of	
  Q:	
  	
  10	
  MPa	
  stress	
  drop 

___________________________________________________________________________ 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Geo.	
  spreading	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Geo.	
  spreading 

	
   	
  	
  model	
  1	
   	
   	
   	
  	
  	
  	
  	
  	
  model	
  2 

Frequency	
  (Hz)	
  	
  	
  	
  	
   	
  	
  Q	
  	
  	
   	
  	
  	
  s 	
   	
   	
  Q 	
  s	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   
	
  0.25 	
  	
  182 	
  	
  37 	
   	
   	
  179 	
  37 

	
  0.35 	
  	
  180 	
  	
  17 	
   	
   	
  179 	
  16 	
   
	
  0.50 	
  	
  254 	
  	
  22 	
   	
   	
  252 	
  23 

	
  0.70 	
  	
  265 	
  	
  17 	
   	
   	
  265 	
  16 

	
  1.00 	
  	
  352 	
  	
  21 	
   	
   	
  350 	
  22 

	
  1.40 	
  	
  451 	
  	
  25 	
   	
   	
  449 	
  25 

	
  2.00 	
  	
  537 	
  	
  25 	
   	
   	
  535 	
  25 

	
  2.80 	
  	
  620 	
  	
  25 	
   	
   	
  617 	
  25 

	
  4.00 	
  	
  806 	
  	
  32 	
   	
   	
  805 	
  32 

	
  5.60 	
  1013 	
  	
  40 	
   	
   	
  1013 	
  40 

	
  8.00 	
  1377 	
  	
  62 	
   	
   	
  1374 	
  61 

	
  11.2 	
  2009 	
  	
  141 	
   	
   	
  2012 	
  142 

_____________________________________________________________________________ 
 
 

 

The estimates of Q are not sensitive to the choice of geometrical spreading 



Open Circles: 10 MPa stress drop 
Filled Circles:   5 MPa stress drop 

Q for the Basement in the Gulf Coast Region 

The estimates of Q are not sensitive to the assumed stress drop 



Mean +/- 1 Standard Deviation Site Response For Stations South of 33N Lat. 

geo. spreading model 1 geo. spreading model 2 

The amplitudes of the site response terms are sensitive to the assumed 
model for geometrical spreading. But the shape of the average site response 
spectrum not. This means that average Kappa for sites in the Gulf Region can 
 be reliably estimated from the Earthscope TA data. 



The slope of the Site Term versus frequency function gives an estimate of 
Kappa (Ko) For the average site condition in the Gulf Region south of Latitude 
33N, Ko = 0.096 seconds. 

geo. spreading model 1 geo. spreading model 2 



Ko = 0.043 + 0.0097 (sediment thickness, km) 



mean: 1.14      standard deviation: 0.47 

Factor of 2 
(Free Surface) 











Conclusions 

Lg attenuation in the Gulf Coastal Plain is strongly attenuated from 
sources to the North. 
 
The attenuation shows a strong correlation with the thickness of the 
sedimentary section. 
 
Distance dependent anelastic attenuation is modeled using a regional 
value of Q = 365 f 0.624 
 

The majority of attenuation observed is due to either Lg blockage, and/or 
attenuation by thick sediments. 
 
An approach involving a frequency independent site factor and a frequency- 
dependent attenuation operator using site specific Kappa (Ko) that increases 
with sediment thickness appears to be a viable approach to developing models  
for the prediction of Lg amplitudes. 
  


