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The Rhine graben (Fig. A-171, s i t ua ted  i n  southwestern Germany and north- 
eastern France, has been and i s  the main t a r g e t  f o r  geothermal explorat ion i n  
Germany. This i s  mainly due t o  the f a c t  t h a t  some we l l s  being d r i l l e d  f o r  o i l  

expl o ra t i on  encountered anomal ous high temperatures ( up t o  160°C i n  1800-111 
depth). P r i o r  t o  these observations, h igh geothermal gradients were known i n  
the o i l  mining region o f  Pechelbronn. Numerous h o t  springs i n  the surround- 
ings of the graben ind i ca te  ac t i ve  hydrothermal convection. I n  1975, the 
commission o f  the European Communi t i e s  s ta r ted  a research and development 
program f o r  geothermal energy. This program concentrated on explorat ion i n  
special regions, assessment o f  geothermal po ten t i a l  o f  the s tates of the 
European Communi t i e s ,  data gathering and feas i  b i l  i ty studies. The research 

work i n  the Rhine graben was performed i n  cooperation with un ive rs i t i es ,  
regional geological surveys and other i n s t i t u t i o n s .  

I n  order t o  have a b e t t e r  view o f  t h i s  explorat ion campaign, i t  i s  
necessary t o  summarize some f a c t s  on geology and geophysics o f  the Rhine 

graben. The hercyni an basement consi s t s  o f  gnei sses and metamorphic schi s t s  

in t ruded by grani tes o f  carboniferous age. The Permian i s  developed i n  some 
regions as a t h i c k  sequence o f  conglomerates, arkoses and s i l t s tones .  The 
Lower T r iass i c  formed by the Buntsandstein, a sandstone w i t h  i t s  thickness 
increasing from south (30 m) t o  nor th  (500 m). The Middle and Upper T r iass i c  
p lus the Jurassic i s  a ser ies o f  marls, limestones, and sandstones, up t o  500- 

m thickness. I n  the Uppermost Jurassic sedimentation stopped, and began again 
i n  a bigger scale only i n  the Rhine graben since Middle Eocene. A 2,000- 
3,000-m-thick sequence o f  mostly marl s, c lays and evaporites was deposited i n  
the per iod ending w i t h  the Upper Miocene. I n  the P1 iocene, the tecton ic  s t y l e  
changed froom an extensional r i ft va l l ey  with mainly v e r t i c a l  movements t o  
1 eft-1 a te ra l  s t r i k e  s l  i p tectonics con t i  nui  ng ti 11 today, as can be concluded 
from f a u l t  p l  ane sol ut ions o f  earthquakes. 

The most prominent geophysical feature o f  the Rhine graben i s  the updoming 

of the mantle under i t s  southern p a r t  up t o  25-km depth. The absence of a 
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Fig. A-17. 
Sketch map o f  the Rhine graben with locations mentioned i n  tex t .  
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corresponding posi t ive Bouguer anomaly i s  believed t o  indicate  hot low-density 
material under the graben. However, the surface heat flow is quite normal; 70 

mw m-' has been measured i n  potash mines of the southern Rhine -graben. Values 
twice as  much as t h i s  one have been obtained from some o i l  wells i n  the o i l  
f i e l d s  of Pechelbronn and Landau, b u t  exploratory .wells d r i l l e d  only a few 
k i  1 ometers away from such "hot spots" encountered normal and 1 ow temperatures. 
T h i s  is i n  good agreement w i t h  observations on the degree of coa l i f ica t ion  of 
organic matter, which is  dependent on the temperature his tory o f  t h a t  material 
i n  cores from many boreholes and c lear ly  shows t h a t  almost no connection 
exists between the recent temperature f i e l d  and the coa l i f ica t ion .  In now 
'icooli' boreholes the degree of coa l i f ica t ion  may be high indicating h igh  
temperatures i n  the past ,  o r  i n  some "hot" boreholes there is no corresponding 
coa l i f ica t ion .  Thus,  the temperature f ie ld ,  varying considerably i n  space and 
t ime,  may be best exp la ined  by convec t ive  h e a t  t r a n s f e r ,  i .e.,  deep 
ground-water c i r c u l  a t i o n .  Two-dimensional numerical  model i n g  of t h e  
temperature e f f e c t  of hydrothermal convection y i e lds  a minimum age of the 
geothermal anomalies of about 80,000 years ,  under the assumption t h a t  water 
rises from 6-km depth w i t h  an i n i t i a l ,  undisturbed temperature gradient of 
30°C/km. I t  i s  assumed i n  this model t h a t  the water rises ve r t i ca l ly  i n  the 
basement and flows horizontally i n  the s t r a t a  of the Buntsandstein (Fig. 
A-18). The permeability i n  the basement t h a t  is  necessary f o r  the required 
flow (1.2 Mg cm" year-') is  due t o  the regional shearing para l le l  t o  the 
graben ax is ,  opening up second-order shear planes o r  Riedel shears,  which can 
be seen i n  quarr ies  on the shoulders of the graben and even i n  the sedimentary 
graben f i l l .  The geothermal anomalies a re  bound t o  tectonic  horse s t ruc tures  
w i t h i n  t h e  graben, which i s  probably caused by t h e  h y d r a u l i c s  of the 
convection system. 

Geophysical f ie1  d experiments and measurements g i v i n g  information about 
the underground temperatures were performed extensively i n  the sixties and 
seventies, i n c l u d i n g  r e f r a c t i o n  and r e f l e c t i o n  seismics, g rav ime t ry ,  
magnetotellurics, magnetics, and geoelectr ics .  The main result of a l l  t h i s  
work, of i n t e r e s t  here, is the existence of a temperature anomaly i n  the lower 
c r u s t  and upper mantle associated w i t h  the d i ap i r i c  uprise of the mantle 
mentioned above. The northern pa r t  of the graben w i t h  i t s  near- surface 
anomalies was not investigated i n  de ta i l  i n  i t s  deep s t ruc ture .  However, some 
exploration work has been done successfully on the known geothermal anomalies, 
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mainly f o r  testing the methods (magnetotellurics, magnetic deep sounding and 
microseismic noise). Special exploration fo r  exploi ta t ion projects  has been 
car r ied  out  by re f lec t ion  seismics (Vibroseis),  looking fo r  deep hot aquifers  
i n  the Tr iass ic  and Ju ras s i c  formations of the graben. 
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Fig. A-18. 
Vertical section used f o r  calcul a t ion of temperature e f f e c t s  of hydrothermal 
convection. lolater is entering the system a t  Point A and i s  then flowing 
according t o  lines w i t h  arrows. 
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