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Seismic methods appl ied t o  ho t  dry rock explorat ion o f  the cont inental  
c r y s t a l l i n e  c r u s t  have had l i m i t e d  use b u t  are p o t e n t i a l l y  s i g n i f i c a n t  f o r  

b o t h  r e g i o n a l  and l o c a l  s t u d i e s .  Both a c t i v e  ( se i sm ic  r e f r a c t i o n  and 
r e f l e c t i o n  p r o f i l i n g )  and passive ( l o c a l  earthquake monitoring and teleseismic 

delay t ime studies) provide data on the v e l o c i t y  and at tenuat ion s t ructure of 
the c r u s t  which may be re la ted  t o  the thermal environment and po ten t i a l  h o t  
dry rock resources. 

Seismic techniques can be appl ied t o  ho t  dry rock explorat ion on a 

regional o r  a l o c a l  scale. Regional studies are most useful f o r  de f i n ing  the 
s t ruc tu ra l  framework, v e l o c i t y  and at tenuat ion cha rac te r i s t i cs  o f  the upper 

crust ,  depth t o  c r y s t a l  1 i n e  basement, stress determinations and possible 
co r re la t i ons  w i t h  temperature. Local studies may be useful f o r  i n f e r r i n g  

composi ti on, determi n i  ng de.pth t o  basement, and mapping the conf igurat ion of 
po ten t i a l  ho t  dry rock volumes associated wi th  plutons o r  other three- 

dimensional features. 

Pass1 ve sei  smi c techniques y i  e l  d i n f  ormati on on earthquake 1 oca t i  ons , and 
through focal  mechanisms, on the p r e v a i l i n g  regional stress pa t te rn  i n  the  
c r y s t a l  1 i ne crust .  Earthquakes are associated wi th  hydrothermal anomal i e s  i n  
t h e  t e c t o n i c a l l y  ac t i ve  regions o f  western North America. I n  c ra ton i c  
regions, zones of a c t i v e  sei smi c i  ty are probably i ndi c a t i  ve o f  pre-exi s t i  ng 

geologic s t ructures within the c y s t a l l  i n e  crust ,  which may serve t o  1 oca1 i z e  
thermal anomal ies. Focal mechanisms o f  earthquakes provide an important 
measurement o f  the regional stress pa t te rn  w i t h i n  the upper crust ,  which i s  

important t o  the e x p l o i t a t i o n  o f  h o t  dry rock resources. I f  earthquake 

monitoring i s  performed on a reasonably c lose s t a t i o n  spacing, teleseismic 
delay $ime data may be used t o  i n f e r  seismic v e l o c i t y  anomalies a t  depth 

71 



beneath an array o f  seismograph stat ions.  Within t e c t o n i c a l l y  ac t i ve  regions, 
these ve loc i t y  anomalies are commonly re la ted  t o  thermal anomalies. S imi la r  
observations may apply t o  craton ic  regions as wel l ,  although the expected 
anomaly due t o  ve loc i t y  var ia t ions  i n  craton ic  regions i s  near the l i m i t  o f  

resol  u t i  on o f  the techni que. The d i  s t r i  b u t i  on o f  sei  smograph s ta t ions  w i  t h i  n 
craton ic  regions i s  general ly no t  adequate and add i t iona l  studies w i l l  be 

required t o  demonstrate the u t i 1  i t y  o f  these techniques. 
Laboratory studies o f  the seismic ve loc i t y  o f  rocks consis tent ly  show 

t h a t  sei  smic vel  oc i  ty  i s  inverse ly  re1 ated t o  temperature. However, t he  
e f f e c t  i s  r e l a t i v e l y  small (on the order o f  -0.001 km/s/'C) and most thermal 

anomalies associated w i th  ho t  dry rock volumes may be too small t o  show a 
ve loc i t y  anomaly above the l e v e l  o f  p rec is ion  o f  seismic methods. I n  

addi t ion,  other effects such as rock composition, porosi ty,  and f l u i d  content 
may produce la rge  ve loc i t y  differences. On a continent-wide bas is  f o r  North 

America, both heat f low and in fe r red  temperature a t  depth w i t h i n  the c r u s t  
have been re la ted  t o  average seismic ve loc i t y  propert ies.  One study has shown 
a co r re la t i on  between low Pn ve loc i t y  (seismic ve loc i t y  o f  the upper mantle) 
and h igh temperatures f o r  data averaged by province. Heat f low i s  a lso  
approximately inverse ly  proport ional  t o  c rus ta l  thickness, geologic age and 
average seismic ve loc i t y  of the crust .  Thus, seismic methods can be u t i l i z e d  
t o  i n f e r  r e g i o n a l  thermal c h a r a c t e r i s t i c s  as an a i d  t o  h o t  d r y  r o c k  
expl orat ion.  

Seismic r e f r a c t i o n  and r e f l e c t i o n  p r o f i l i n g  techniques have considerable 
use i n  both regional  and loca l  hot  dry rock explorat ion programs. Ve loc i ty  
s t ruc tu re  of the upper c r u s t  may be an i nd i ca to r  o f  temperature and s t ruc tu ra l  

information such as depth t o  basement, presence o f  f au l t s ,  loca t ions  o f  
p l u t o n s  and t h e  th i ckness  o f  p l u t o n s  p r o v i d i n g  v a l u a b l e  i n f o r m a t i o n  on 
po ten t i  a1 heat sources. 

Although seismic methods have good po ten t ia l  for  u t i l i z a t i o n  i n  ho t  dry 
rock explorat ion programs, both a t  a regional  and l o c a l  scale, and have been 
used successful ly i n  several studies t o  date, the ve loc i t y  e f f e c t s  and 

s t ruc tu ra l  features which are expected t o  be associated w i t h  thermal anomalies 

are near the l i m i t  o f  reso lu t ion  o f  ava i lab le  techniques. Thus, more de ta i l ed  
accurate and h igh reso lu t ion  methods w i l l  general ly be requi red f o r  applica- 
t i o n  of seismic techniques i n  ho t  dry rock exploration. 
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