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E l e c t r i c a l l y  conduc t i ve  i n t r a c r u s t a l  zones have been d e t e c t e d  by 
magnetotel lur ic (MT) soundings i n  t e c t o n i c a l l y  ac t i ve  areas as wel l  as i n  
s tab le c rus ta l  environments throughout the world. Many researchers are 
convinced t h a t  the layers are due t o  c rus ta l  magma, p a r t i c u l a r l y  i n  a c t i v e  
regions. I f  t h i s  associat ion i s  val id,  the detect ion o f  such layers a t  
shallow depths would signal a source o f  heat t h a t  could produce a v iab le  hot  

dry rock target.  The successful analysis o f  magnetotel lur ic soundings i n  hot 
dry rock  e x p l o r a t i o n  must, however, cons ide r  o t h e r  p o s s i b l e  sources O f  

conductive zones i n  the ear th 's  crust. For example, pore water and thermal ly 
act ivated e lec t ron i c  sol  i d  - s ta te  semiconduction enhanced by c r y s t a l  - charged 
defects, impur i t ies ,  v o l a t i l e s ,  metamorphism, and d u c t i l e  f low mechanisms may 
be important . Also, purely geometrical e f f e c t s  can be mistaken f o r  conductive 

layers a t  depth. 
Two-dimensional model ing o f  r e c e n t  m a g n e t o t e l l u r i c  soundings i n  t h e  

centra l  Rio Grande r ift (Jiracek e t  al., 1982) has confirmed the existence of 
conductive zones a t  depths o f  10 km o r  less. Some soundings are located over 
a region where contemporaneous magma bodies are well-defined at shallow and 
intermediate c rus ta l  l eve l s  by seismic observations. Surpr is ingly,  however, 
the c rus t  i s  more conductive by a t  l eas t  an order o f  magnitude where the magma 
i s  - not detected compared t o  where i t  has been confirmed. To expla in  t h i s  
resu l t ,  i t  i s  f i r s t  suggested t h a t  a conductive horizon occurs i n  the  c r u s t  
where an impermeable, d u c t i l e  cap t raps pore f l u i d s  beneath. This concept o f  
the c rus t  fo l lows the geologic model presented by Eaton (1980) f o r  the Basin 
and Range province, therefore, i t  may have wide a p p l i c a b i l i t y  i n  the western 
United States. Fig. A-8 summarizes the model. 

Duc t i l e  f low mechanisms are thermal ly act ivated processes, which invo lve 

charged defects, l a t t i c e  dis locat ions,  o r  atomic d i f f us ion ,  a l l  o f  which 
enhance s o l i d - s t a t e  e l e c t r i c a l  conduction. The hypothesized d u c t i l e  l aye r  
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Fig. A - 8 .  
In t e rp re t ive  model of possible basin and range ( o r  rift) s t ruc tu re  ( s impl i -  
f i ed ,  schematic, and not t o  scale). Crust is composed of th ree  layers .  L-1 is 
b r i t t l e ,  fault-fragmented surface l aye r  8-15 km t h i c k .  Base of L-1  general ly  
marks the maximum depth of earthquake foci. L-2 is d u c t i l e  intermediate 
layer ,  0-3 km thick. L-3 i s  the lower crust, 10-20 km t h i c k ,  composed o f  
basement rocks on top, grading downward from g r a n i t i c  t o  mafic i n  composition. 
The uppermost p a r t  of L-3 may contain high-pressure,  high-temperature pore 
f l u i d s  i n  a system capped by impermeable layer ,  L-2. L-4 is  the l i t hosphe r i c  
mantle, ultramafic i n  composition. Bleb-like bodies of r i s i n g  magma i n  L-4 
intrude the crustal layers  a s  dikes and si l ls  ( ind ica ted  by s o l i d  black).  
Ductile crustal layer ,  L-2, may mark the top of an e l e c t r i c a l l y  conductive 
zone, which extends i n t o  l aye r  L-3 when highly conductive pore f l u i d s  a r e  
trapped. Magma intrusion through the d u c t i l e  cap may release these pore 
f l u i d s  t h u s  reducing the overall conductivity of the sequence. Schematic 
diagram after Eaton, 1980. 

(L-2, Fig. A-8)  would, therefore, be perhaps an order of magnitude more con- 
duct ive (*loo's ohm-m) t h a n  the dry, b r i t t l e  crust above i t(L-1,  Fig. A-8) .  A 
zone of trapped pore f l u i d s  ( top  of L-3, Fig. A-8)  would be even more con- 
ductive by about another order of magnitude ( 4 0  ohm-m) . Mineral dehydration 
a t  grea te r  depth due t o  an enhanced thermal gradient  or magma injection could 
provide such f lu ids .  

If active magma injection destroyed the i n t e g r i t y  of the d u c t i l e  cap, 
trapped f 1 uids woul d escape resul ti ng i n  an overall decrease i n  conductivity . 
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The f i n a l  e l e c t r i c a l  signature w i t h  such a dynamic concept would depend on the 

thermal gradient, the r e l a t i v e  impermeabil ity o f  the cap, the extent o f  pore 
f l u i d s  beneath, and the amount (and frequency) o f  magma intrusion. The 
temporal and spa t ia l  d i s t r i b u t i o n  o f  earthquake foci  i n  the western United 
States supports the existence o f  a d u c t i l e  l aye r  a t  5 t o  1.5-km depth and the 
hypothesis o f  magma in jec t i on .  

The aforementioned c o n s i d e r a t i o n s  r e s u l t  i n  a more r e s i s t i v e  c r u s t  

despi te the presence o f  magma bodies; these bodies would have t o  be a minor 
const i tuent  of the crust ,  otherwise the e f f e c t s  o f  a h igh ly  conductive magma 
would dominate. 

The depth a t  which a d u c t i l e  zone would form i n  the  c rus t  i s  dependent on 
pressure, temperature, composition and tec ton i c  stress. Since temperature 
would l i k e l y  be the major var iab le i n  a given geologic province, t he  depth o f  
a conductive l aye r  caused by d u c t i l i t y  would provide a measure o f  the thermal 
gradient. So, even i f  crusta l  conductive zones are r e f l e c t i n g  the depth o f  
d u c t i l i t y  ra ther  than c rus ta l  melt, they may s t i l l  provide a very useful 
geothermal ind icator .  As previously mentioned, the  d u c t i l e  l aye r  would not be 
as conductive as a zone o f  high-pressure pore f l u i d s  o r  o f  a s ign i f i can t  
concentrat ion o f  magma. These l a t t e r  two p o s s i b i l i t i e s  Would not be separable 
by magnetotel lur ic data alone; however, MT r e s u l t s  combined w i t h  a c t i v e  and 
passive seismic re f l ec t i on  measurements such as those performed i n  the centra l  

Rio Grande r i f t  (Brown e t  al., 1980) should be diagnostic. 
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