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SUMMARY 

Magnetotel l u r i c s  (MT) i s  an e l e c t r i c a l  geophysical prospecting technique 
f i r s t  developed i n  1952 and used p r i m a r i l y  i n  minerals, geothermal, and 011 
explorat ion. The technique has a lso been used t o  a much more l i m i t e d  extent 
i n  s o l i d  ear th  geophysical invest igat ions o f  the c rus t  and upper mantle. 

T rad i t i ona l l y ,  the MT technique has been plagued w i t h  many d i f f i c u l t  technical  
problems i n  a l l  aspects o f  the technique: experiment design, f i e l d  proce- 
dures, data acquis i t ion,  data reduction and analysis, and data in terpretat ion.  
Recently the MT technique has undergone a revolut ion i n  which most o f  the 
major d i f f i c u l t i e s  have been overcome. This revolut ion i s  s t i l l  going on, and 
today we are capable o f  c o l l e c t i n g  excel lent  q u a l i t y  MT ear th  response func- 
t ions.  The t h r u s t  o f  MT research now l i e s  i n  the  realm o f  data i n te rp re ta t i on .  

During the past three years, Los Alamos National Laboratory has conducted 
a regional MT survey o f  Arizona and New Mexico f o r  t he  Hot Dry Rock (HDR) 
Geothermal Program. The survey consists o f  over 200 deep MT soundings along 

several long p r o f i l e s  w i th  sounding spacings of 15 t o  20 km (Fig. A-7). The 
MT l i n e s  are located i n  areas where other geophysical and geologic studies 
i nd i ca te  l oca l  and regional areas o f  tecton ic  and geothermal i n te res t ,  hot  d r y  
rock i n  pa r t i cu la r ,  such as tec ton i c  province boundaries o r  l a t e  Cenozoic 
volcanic regions. The MT study i s  aimed a t  mapping the depth t o  the pervasive 
deep e l e c t r i c a l  conductor w i t h i n  the crust  and/or upper mantle over a l a rge  

region and then attempting t o  co r re la te  t h i s  depth w i t h  t e r r e s t r i a l  heat flow, 
depth-to-Curie po in t  measurements , regional tecton ics and loca l  geology. To 

date, a l l  data have been co l lected and processed and are i n  the modeling and 

i n t e r p r e t a t i o n  stage. With the exception o f  the f i r s t  56 s i tes,  data from a l l  
the remaining s i t e s  have been co l l ec ted  using the  remote reference MT noise 
reduction technique. 

The locat ions of the MT p r o f i l e s  f o r  t h i s  study (Fig. A-7) and some of 
the more important prel iminary observations o f  the data are as fo l lows: 
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Fig. A-7. 
Map showing loca t ions  o f  magnetotel lur ic p r o f i l e s  i n  Arizona and New Mexico. 

1. A n o r t h s o u t h  l i n e  w i t h  17 s i t e s  runs from Yuma i n  southwest Arizona 

t o  Seligman, Arizona, concentrating on the  Aquarius and Castle Dome HDR geo- 
thermal prospects and t ravers ing  the Colorado Plateau/Basin and Range Province 
boundary. The Castle Dome area coincides w i t h  a l a rge  amplitude g rav i t y  low 
and w i t h  a 70"C/km temperature gradient measured i n  the center. A caldera, 

no t  ind ica ted  on the  published geologic maps, occurs i n  the same area. Analy- 
s i s  of the MT data suggests the presence o f  magma a t  shallow depths. The 

Aquarius area i s  associated w i t h  h igh heat f low, shallow Curie depth, a 
g r a v i t y  low, and i s  associated w i t h  a shallow depth t o  the c rus ta l  e l e c t r i c a l  
conductive zone. The Date Creek basin, j u s t  south o f  the Aquarius area, i s  
a lso  associated w i th  a shallow c rus ta l  conductor, no t  as shallow o r  as con- 

duct ive as the Aquarius anomaly. The observations are very e x c i t i n g  because 
they appear t o  co r re la te  w i t h  a very recent migrat ion o f  the Colorado Plateau 

boundary from the  Date Creek basin t o  the Aquarius region suggested i n  a study 
being conducted by the U.S. Geological Survey (USGS) 

2. There are 25 s i t e s  along a n o r t b  south p r o f i l e  i n  cent ra l  Arizona 

from Tucson northward through Phoenix t o  F1 agstaf f ,  t ravers ing  the  Colorado 

Plateau/Basin and Range boundary. The area around Tucson has h igh heat flow, 
greater than 104 mM/m2. Chemical geothermometry measurements a1 so i nd i ca te  
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heat flow greater than 104 mU/m2 t o  the northeast of Phoenix. There are geo- 
thermal gradients greater than 36"C/km t o  the southeast o f  Phoenix. Prelim- 

i na ry  observations o f  the MT data i nd i ca te  t h a t  a l t e r n a t e l y  conductive and 
r e s i s t i v e  layers e x i s t  w i t h i n  the c rus t  between Phoenix and Tucson. This 
observation i s  i n t r i g u i n g  because extensive geophysical surveys performed by 
O i l  companies a t  about the same t ime as our data were co l l ec ted  show t h a t  t he  

western Laramide overthrust  passes through t h i s  region. Further analysis of 
the data has proven d i f f i c u l t  because o f  large three-dimensional e f f e c t s  and 

the large MT s i t e  spacing. North o f  Phoenix, a very shallow, very conductive 
c rus ta l  anomaly i s  associated w i th  the r i m  o f  the Colorado Plateau. This 
observation, coupled wi th the  MT observation i n  the Aquarius area and geo- 
physical i n te rp re ta t i ons  across the Colorado Plateau boundary i n  Utah, provide 
important const ra in ts  on the genesis o f  the Colorado Plateau. These data Sets 
suggest t h a t  the Colorado Plateau boundary i s  associated with a passive r i f t  
system t h a t  would impede the propagation o f  stress across the boundary. Such 
a passive rift system was hypothesized by Eaton. I f  the r i f t  system ex is ts ,  
i t  w i l l  provide an important const ra in t  on our models f o r  formation of t h e  
Colorado Plateau and Rio Grande rift. 

3. Twenty-five s i t e s  are along a north-south l i n e  s t a r t i n g  i n  the  
Chiracahua Mountains i n  southeast  Ar izona pass ing th rough  t h e  t h e r m a l l y  
anomalous Safford-Cl i f ton region, through the Datil-Mogollon volcanics, over 

the Colorddo Plateau boundary, across the northeast-trending Jemez volcanic 
zone a t  Spr ingerv i l le ,  and then t o  Sanders, Arizona. The Jemez volcanic zone 
i s  i n te rp re ted  t o  pass through Spr ingerv i l le ,  Mount Taylor, and the  Val les 
Caldera. These data have not y e t  been studied. 

4. An east-west l i n e  consis t ing o f  10 s i t e s  runs from St.  Johns, 
Arizona, crossing the Jemez zone and the Pla ins o f  San Augustin t o  Magdalena, 

New Mexico, where i t  connects w i th  an MT study o f  t he  Rio Grande r i f t  con- 
ducted by J i racek and others. Analysjs indicates t h a t  the Jemez zone i s  
associated w i t h  a shallow conductor suggesting magma a t  depth and t h a t  t he  
Plains of San Augustin may also be associated w i th  magma i n  the mid-crust. 

Unl ike other conductive anomalies observed i n  t h i s  study, t h e  anomaly beneath 
the Pla ins of San Augustin does not co r re la te  w i th  surface heat f low measure- 

ments. Elston suggests t h a t  t he  San Augustin basin i s  a b i f u r c a t i o n  o f  t he  

Rio Grande rift. I f  t h i s  i s  the case, the existence o f  a recent ly  developed 
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magma chamber s i m i l a r  t o  the one recent ly  discovered i n  the Albuquerque-Belen 
basin could account for  the discrepancy i n  the two data sets. 

The longest MT p r o f i l e  consists o f  36 s i t e s  from Torreon, New Mexico, 
t o  Kingman i n  western Arizona, t ravers ing the Rio Grande rift and the Jemez 
zone, passing through Flagstaf f ,  Arizona, and the Aquarius region. This 
p r o f i l e  passes through the Zuni HDR prospect where a deta i led MT/AMT survey 
consis t ing o f  119 A M I  s ta t ions and 25 MT s ta t i ons  has been completed. Results 
i nd i ca te  t h a t  the Jemez zone i s  a s t ruc tu ra l  f law associated w i t h  magma con- 
d u i t s  t h a t  penetrate the e n t i r e  thickness o f  the l ithosphere. Observations of 

the"data from the long p r o f i l e  i nd i ca te  (a) t h a t  the MT soundings have sensed 
a magma body beneath the  San Francisco Peaks area near F lagstaf f ,  and (b) t h a t  
the depth t o  the deep e l e c t r i c a l  conductor along the p r o f i l e  corre la tes w i t h  
surface heat flow, the thickness o f  t he  l i thosphere, and an inverse cor- 

5. 

r e l a t i o n  has been noted with Bouguer gravi ty.  
6. There are 15 s i t e s  along an east-west p r o f i l e  from Gallup t o  

Albuquerque, New Mexico, t h a t  passes over Mount Taylor, a volcanic f i e l d  of 
t h e  Jemez zone. Again, the data s t rongly  i nd i ca te  t h a t  t he  Jemez zone i s  asso- 
c ia ted  w i th  a shallow e l e c t r i c a l  conductor, probably caused by magma a t  depth. 
The observation from a l l  MT p r o f i l e s  across the  Jemet zone t h a t  the zone I S  

associated w i t h  a crusta l  f law penetrat ing the l i thosphere corre la tes with (a) 
pre l iminary r e s u l t s  of a te leseismic P-wave delay study t h a t  ind icates t h e  
zone i s  associated w i th  a low seismic v e l o c i t y  zone from 15 t o  140-km depth; 

(b) elevated heat f l ow  along the zone; and (c) the observation by numerous 
workers t h a t  the zone i s  associated w i t h  a Precambrian age boundary. Based on 
the MT data and extensive i n teg ra t i on  o f  other geophysical and geologic data, 
I suggested t h g t  the Colorado Plateau southeastern boundary i s  present ly 
coincident w i t h  the  Jemez Volcanic zone and t h a t  a recent migrat ion of t he  
Colorado Plateau boundary t o  the northwest has occurred. Other workers have 
since found s t ruc tu ra l  evidence t o  support these f indings. 

7. F ive s i t e s  have been occupied i n  southeast Arizona connecting two 

nonproprietary MT surveys consis t ing o f  40 s i t e s  occupied by Geotronics Corp., 
r e s u l t i n g  i n  a s t a t i o n  d i s t r i b u t i o n  t h a t  i s  a continuous east-west p r o f i l e  

from E l  Paso, Texas, t o  Tucson, Arizona, along t h e  32'N l a t i t ude .  These MT 
data have not been studied yet. 

8. This MT study in tegrates w i th  a te l l u r i c -magne to te l l u r i c  survey i n  
the  Jemez Mountains o f  northern New Mexico t o  characterize the  geothermal 
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system o f  the Val les Caldera and w i th  a regional northwest-trending MT survey. 
These surveys were conducted by Hermance f o r  t he  USGS and Los Alamos National 
Laboratory. 

Based on the  resu l t s  obtained so far, several general conclusions can be 
made. No s ing le  geophysical technique i s  a panacea f o r  geothermal explora- 
t ion ,  hot dry rock i n  par t i cu la r .  But, because MT i s  sens i t i ve  t o  the  c rus ta l  

state, i t  i s  an excel lent  explorat ion t o o l  when used i n  combination wi th  
geologic and other geophysical techniques. The depth o f  the  deep e l e c t r i c a l  

conductor obtained by the  MT method i n  general corre la tes with the  expected 
Crustal thermal regime as predicted by t e r r e s t r i a l  heat flow, depth t o  Curie, 
regional  tectonics,  and/or 1 oca1 geol ogy . I n  t h i  s study, mapped c rus ta l  
e l e c t r i c a l  c o n d u c t i v i t y  upwel l  i n g s  i n  o the rw ise  r e s i s t i v e  c r u s t a l  rock  
correspond with known o r  suspected thermal ly anomalous areas. These con- 
d u c t i v i t y  upwell ings f a l l  i n t o  two basic categories. The f i r s t  contains a 
r e s i s t i v e  cap rock (>lo00 - Qm) and appears t o  be associated w i t h  l o c a l  thermal 
features, e.g., Castle Dome anomaly. Because the  cap rock i s  res is t i ve ,  

suggesting impermeable upper crust ,  loca l  ground-water perco lat ion i s  not  a 
l i k e l y  mechanism f o r  creat ing the  h igh conduct iv i ty  anomaly. Such regions, 
when coincident w i th  other thermal ind ica tors  (e.g., l a t e  volcanic a c t i v i t y  
and high heat f low), may be good hot d ry  rock targets. The second type 

contains a moderately conductive cap rock (<lo0 Qm) and appears t o  be asso- 
c ia ted  w i th  zones of tec ton ic  extension, e.g., Colorado Plateau boundary. 

These regions are probably associated w i t h  deeply c i r c u l a t i n g  ground water 
t h a t  causes inc reased c o n d u c t i v i t y .  Because these  regimes a r e  usual  l y  

associated w i t h  elevated thermal regions, the  anomalously high e l e c t r i c a l  
conduct iv i ty  beneath the  more r e s i s t i v e  cap may be due t o  f ree  water i n  the  

presence o f  elevated temperature and/or p a r t i a l  melt. These regions may a150 
be important hot dry  rock resource areas, but  more care must be taken t o  
evaluate the  cause o f  the conductive anomalies. 
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