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The midcontinent of North America is  commonly character ized a s  a s t a b l e  
c ra tonic  area which has undergone only slow, broad ve r t i ca l  movements over the 
pas t  several hundreds of mi l l ions  of years.  T h i s  i s  an unfertile area  for hot  
dry rock ( H D R )  explorat ion,  b u t  recent geophysical and geological studies 
testify t o  the contemporary tec toni  sm o f  1 i m i  ted areas  w i  t h i  n the m i  dconti nent  
and the possibi l i ty  of loca l ized  thermal anomalies, which may serve a s  sites 
for HDR exploration. HDR a s  an energy resource i n  the midcontinent is par t ic -  
u l  arly appeal i n g  because of the h i g h  popul a t ion  density and the increasing 
demand on conventional energy sources. 

Surface manifestations of potenti  a1 m i  dconti nent HDR sites are negl i g i  - 
b l  e ,  therefore geophys ica l  techniques supplemented by deep d r i  11 i ng a re  
necessary for HDR exploration. Wi th in  the pas t  few years, grav i ty  and magnet- 
i c  data  covering broad areas of the midcontinent have been observed, compiled, 
and i n  some cases filtered t o  enhance pa r t i cu la r  a t t r i b u t e s  of the anomaly 
fields. These maps and data  are proving useful i n  mapping t ec ton ic / l i t ho log ic  
regimes, whi ch serve a s  guides t o  1 oca1 i ze  more de ta i  1 ed geophysical /geol ogi cal  
studies. In addi t ion,  increasing a v a i l a b i l i t y  of the results of deep d r i l l i n g  
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a r e  providing new ins igh t  i n t o  the structure, geologic h is tory ,  and geophys- 
i c a l  parameters of the midcontinent - information which i s  c r i t i c a l  t o  
effective HDR exploration. 

F i v e  generalized model s of exploration t a r g e t s  f o r  midcontinent HDR sites 
have been identified : 1) radiogenic heat  sources,  2 )  conductivi ty-enhanced 
normal geothermal gradients  , 3) resi dual magmatic heat ,  4 )  sub-upper c rus t a l  
sources, and 5) hydrothermal - generated thermal gradients.  These models are 
i l l u s t r a t e d  schematically i n  Fig. A-13. 

Radiogenic heat  sources loca l ized  i n  intrusives of sufficient volume and 
concentration of heat-producing radioisotopes a r e  po ten t i a l ly  v iab le  HDR sites 
p a r t i c u l a r l y  where they a r e  covered by a thermally insu la t ing  sedimentary rock 
blanket. Potent ia l  radiogenic heat  sources include both felsic (e.g., Wolf 
River Bathol i th)  and a l k a l i c  (e.g., Coldwell Complex) intrusives. Felsic 
intrusives a r e  commonly character ized by gravi ty  minima of the order of a few 
tens of milligals and negative magnetic anomalies. A typical  example i s  the 
1500 m.y. old g ran i t e  pluton d r i l l e d  over a ve r t i ca l  range of nearly 1 km i n  
northern I l l inois .  Analyses of the core ind ica te  an abnormally h i g h  U and Th 

3 content  and a mean heat  generation of roughly 40 x cal/cm sec. The 
three-dimensional configuration of this pluton has been determined by analysis 
of the associated gravi ty  minimum and more poorly defined magnetic minimum. 
In con t r a s t ,  recent studies i n  the midcontinent show t h a t  o ther  felsic plutons 
a r e  associated w i t h  r e l a t i v e l y  h igh  magnetite contents  resulting i n  s t rong 
1 oca1 i zed magnet1 c anomal i es . Avai 1 ab1 e evi dence suggests t h a t  the gravi ty  
s igna ture  of these high-magnetite fel sic p lu tons  i s  n i l  or  s l i g h t l y  posi t ive.  
Fel sic plutons i n  the midcontinent a r e  associated w i t h  Precambrian orogenic 
regimes (e.g., Penokean Foldbel t) a s  well as anorogenic a reas  (e.g., Central 
Province). A1 k a l i c  i n t rus ives ,  which a r e  marked by intense pos i t i ve  grav i ty  
and magnetic anomalies, occur w i t h  Proterozoic rifts (e.g., Coldwell Complex) 
and w i t h  major s t r u c t u r a l l y  disturbed zones (e.g., 38th Para l le l  Lineament). 

An example of a potent ia l  radiogenic hea t  source i n  the basement of a 
c ra ton ic  basin associated w i t h  a gravi ty  minimum has been invest igated i n  the 
southeastern portion of the Michigan Basin. A res idual  Bouguer grav i ty  of -25 
mgals amplitude has been i so l a t ed  over a portion of the Basin underlain by 
Grenvi l le  Province basement rocks. The gravi ty  minimum is associated w i t h  a 
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Fig. A-13. 
Models of exploration targets for midcontinent HDR sites.  
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magnetic minimum r inged by a d i  scont i  nuous pos i t i ve  anomaly. Geol ogic cross 

sections o f  the anomaly area prepared from wel l  logs show t h a t  the g rav i t y  
minimum cannot be due t o  increased thickness o f  evaporite deposits and 
evidence i s  lack ing  t o  expla in  the minimum w i th  an increased thickness of 
low-densi ty c l a s t i c  sedimentary rocks. The thickness o f  low thermal con- 
d u c t i v i t y  shale w i t h i n  the basin over the basement anomaly source i s  approxi- 
mate ly  400 m. The conf igurat ion o f  the hypothesized f e l s i c  source o f  the 
geophysical anomaly has been determined by modeling as an inver ted cone, which 
i s  e l l i p t i c a l  i n  hor izonta l  cross sect ion and reaches t o  a depth o f  roughly 8 
km . 

Channel 1 i ng o f  heat through higher conduct iv i ty  rocks can resul  t i n 
l o c a l l y  high geothermal gradients i n  a reg iona l l y  normal heat f low f i e l d .  
Rock types t h a t  have s i g n i f i c a n t l y  higher thermal conduct iv i t ies  w i th  respect 

t o  the sedimentary rock overburden i ncl ude evaporites and c rys ta l1  i ne basement 
rocks. Thus s a l t  d iap i r s  (e.g., Gul f  Coast S a l t  Domes), which are charac- 
te r i zed  by strong negative g rav i t y  anomalies, may per turb the l oca l  normal 
thermal  g r a d i e n t s  as w i l l  basement h o r s t s  and a n t i c l i n e s  (e.g., Howell  
Antic1 ine)  w i t h i n  sedimentary basins. Basement up1 i f t s  are commonly, bu t  no t  
necessari ly, associated w i th  p o s i t i v e  g rav i t y  and magnetic anomalies. Buried 

basement r i f t s  and t h e i r  re la ted  grabens (e.g., Reel f o o t  R i f t )  commonly 
invo lve  marked r e l i e f  o f  the basement c r y s t a l l i n e  rocks w i t h  the i n f i l l i n g  
sedimentary rocks. Thus abnormal thermal gradients caused by "channel 1 i ng'l 
are possible i n  the Miss iss ipp i  Embayment, p a r t i c u l a r l y  near the head o f  the 
Embayment where geophysical /geol ogical  evidence ind ica te  the presence o f  an 
ancient rift zone, which i s  undergoing recent tecton ic  a c t i v i t y  (New Madrid 
Seismic Zone) as a r e s u l t  o f  the ambient stress f i e l d  operating on t h i s  
ancient zone o f  weakness. I n  a s im i la r  way, other M i d d l e - t e L a t e  Proterozoic 
rift zones, which occur extensively throughout the midcontinent, are of 
po ten t i  a1 i ntere'st t o  HDR expl o ra t ion  . The geophysical signatures o f  these 

ancient r i f t s  are va r ied  depending upon the degree o f  c rus ta l  d is rup t ion  and 
graben development, bu t  general ly the c rus t  i s  thickened and l i n e a r  trends of 
p o s i t i v e  g rav i t y  and magnetic anomalies mark the l oca t i on  o f  mafic i n t rus i ve /  
ext rus ive rocks. 

Poten t ia l  residual  magmatic heat sources include young (< 1 m.y.1 upper 

c rus ta l  in t rus ions.  Re la t i ve ly  small volume, anorogenic, a l k a l i c  in t rus ions  
are found w i t h i n  the Phanerozoic sedimentary rocks o f  the midcontinent along 
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the 38th Para1 1 e l  Lineament and the Gul f Coast region. Cal c u l  a t i  ons i ndicate 
t h a t  these i n t r u s i v e s  cool r a p i d l y  and thus would contr ibute no useful 
residual  heat beyond 1 m.y. However, the youngest o f  these intrusions, which 
are manifested i n  p o s i t i v e  g r a v i t y  and magnet1 c anomal i es , i s approximatelY 
70 m.y. Thus, residual  magmatic heat i s  an u n l i k e l y  source of HDR resources 

unless very recent i n t r u s i  ons can be 1 ocated. 
Sub-upper crusta l  sources invo lve anomalously high, lower c rus ta l  o r  

upper mantle temperatures sustained f o r  a s u f f i c i e n t  per iod o f  t ime t o  cause 

surface thermal anomalies. Mass t ranspor t  processes w i t h i n  the mantle, which 
lead t o  these temperature anomalies may be observed i n d i r e c t l y  by the e f f e c t  
they have upon upper mantle and c rus ta l  s t ructure and propert ies. Based upon 
g e o l o g i c a l  /geophysica l  evidence, t h e  M i s s i s s i p p i  Embayment i s  t h e  most 

commonly c i t e d  candidate i n  the midcontinent f o r  r e l a t i v e l y  recent (Mesozoic) 

involvement i n  processes i nvo l v ing  mass t ranspor t  w i t h i n  the mantle. A long- 
wavelength magnetic minimum over the Embayment may be a r e s u l t  o f  an upwarp o f  
t h e  C u r i e  P o i n t  i sotherm suggest i  ng post-Mesozoi c a c t i  v i  t y  , b u t  o t h e r  
explanations f o r  the anomaly are p laus ib le  and recent analyses place the 
observed high heat f low i n  the Embayment under serious question. 

Anomalously high l o c a l  upper c rus ta l  temperatures i n  the midcontinent may 
be caused by heat t rans fe r  through ground-water movements caused by nonthermal 
induced convection. The prominent thermal anomaly i n  western Nebraska i s  

bel ieved t o  have t h i s  o r i g in .  Water heated i n  the lower reaches o f  the Denver 
Basin i s  dr iven upward i n  permeable horizons i n t o  the subsurface o f  the pan- 
handle of Nebraska. The components which are required f o r  the development o f  
t h i s  type of thermal anomaly include s t ruc tu ra l  a t t r i b u t e s  o f  sedimentary 
basi ns which are amenabl e t o  i nvest i  g a t i  on by geophysical methods. 

Consideration o f  the possible models f o r  HDR explorat ion on s i t e s  i n  the 
midconti  nent shows t h a t  geophysi ca l  techniques, p a r t i  cu l  a r l y  g r a v i t y  and 

magnetic methods on a reconnaissance basis, are useful  i n  d e l i m i t i n g  l o c a l i z e d  
areas f o r  more detai  1 ed i nves t i ga t i on  and analysi s. 
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