
HEAT AND DETACHMENT I N  CORE-COMPLEX EXTENSION; Ivo Lucch i t t a ,  U. S. 
~ e o i o g i c a l  Survey, 2255 N. Gemini Drive, F l a g s t a f f ,  Arizona 86001 

The Basin and Range ex tens iona l  province of western North America i s  
cha rac t e r i zed  by normal f a u l t i n g  ranging i n  age from Miocene t o  Holocene. Two 
phases a r e  gene ra l ly  present .  The e a r l i e r  Phase I i s  cha rac t e r i zed  by c l o s e l y  
spaced f a u i t s  t h a t  have s t r o n g l y  r o t a t e d  in t e rven ing  blocks through e i t h e r  
cu rva tu re  of t he  f a u l t  plane ( l i s t r i c  f a u l t s )  o r  progress ive  t i l t i n g  of both 
f a u l t s  2nd blocks l i k e  a row of dominos. Nearly ho r i zon ta l  f a u l t s  a r e  a 
common fea tu re .  Together,  t hese  c h a r a c t e r i s t i c s  d e f i n e  t h e  "thin-skin" 
t e c t o n i c  s t y l e  of Anderson (1971). The l a t e r  Phase I1 i s  cha rac t e r i zed  
in s t ead  by high-angle normal f a u l t s  t h a t  t y p i c a l l y  have d i f f e r e n t  t r ends  and 
wider spacing than  those  of Phase I. Rota t ion  of i n t e rven ing  blocks i s  modest 
t o  absent.  These a r e  t he  f a u l t s  t h a t  have produced t h e  basins  and ranges 
v i s i b l e  today. S imi la r  f a u l t s ,  e n t i r e l y  devoid of r o t a t i o n ,  extend onto t h e  
u p l i f t e d  but li ttle-deformed Colorado P la t eau  ad joining the  ex t ens iona l  
province. I n  t h e  no r the rn  Basin and Range Province, f a u l t i n g  of Phase 11 i s  
s t i l l  going on today. In  t h e  Sonoran and Mojave d e s e r t  regions of Arizona and 
sou theas t e tn  C a l i f o r n i a ,  by c o n t r a s t ,  f a u l t i n g  has  'ceased e n t i r e l y  (Phase 
111). 'Bimodal volcanism, most abundant during Phase I and l e a s t  abundant 
during Phase 111, i s  t h e  ubiqui tous  accompaniment t o  t h e  extension.  Each 
t e c t o n i c  phase i s  accompanied and cha rac t e r i zed  by a d i s t i n c t i v e  sequence of 
co-eval d e p o s i t s  ( r e s p e c t i v e l y ,  Sequence I ,  11, and 111). The contemporaneity 
and coupling of volcanism and tectonism sugges t  a g e n e t i c  l i n k  between t h e  
two; a s i m i l a r  argument can be advanced f o r  t h e  c l o s e  success ion  and p a r t i a l  
contemporaneity of t h e  t h r e e  t e c t o n i c  phases. In  t h i s  paper I p re sen t  t h e  
view t h a t  t h e  volcanism and t h e  t h r e e  t e c t o n i c  phases a r e  t h e  r e s u l t  of a 
s i n g l e  process  ac t ing  and evolving through time. 

Metamorphic core  complexes a r e  c u r r e n t l y  one of t h e  most h o t l y  debated 
f e a t u r e s  of t h e  Basin and Range Province, where they a r e  exposed i n  a b e l t  
p a r a l l e l  t o  and somewhat west of t h e  western margin of t h e  c ra ton .  Many c o r e  
cotnplexes have t h r e e  chief  components: 1. a n  upper p l a t e  composed of unmeta- 
morphosed t o  weakly metainorphosed rocks t h a t  have f a i l e d  i n  b r i t t l e  fash ion  
and Phase I s t y l e .  2. a lower p l a t e  composed t y p i c a l l y  of p e n e t r a t i v e l y  
l i n e a t e d  c a t a c l a s t i c  grieiss t h a t  has  y ie lded  i n  d u c t i l e  f a sh ion  and i s  cu t  by 
no Phase I f a u l t s  and only a few Phase 11 f a u l t s .  L inea t ion  becomes weaker 
upward, and c h l o r i t e  microbreccia  and a s i l i c i f i e d  zone appear a s  one 
approaches 3.  t h e  basa l  detachment f a u l t ,  a gent ly  undulat ing and nea r ly  
ho r i zon ta l  f e a t u r e  t h a t  s e p a r a t e s  t h e  lower and upper p l a t e s  and marks a sha rp  
d i s c o n t i n u i t y  i n  t h e  s t y l e  of deformation. The f a u l t  a l s o  marks a sharp  and 
major break i n  metamorphic grade,  except f o r  those  complexes whose lower p l a t e  
exposes sedimentary rocks r a t h e r  than  inyloni t ic  gneiss .  C h a r a c t e r i s t i c  of 
many core  complexes a r e  small  t o  l a r g e  gravi ty-g l ide  s h e e t s  embedded i n  
sedimentary and volcanic  rocks of t h e  upper p l a t e .  

Cdrrent knowledge of core  complexes l eads  t o  c o n f l i c t i n g  i n t e r p r e t d t i o n s ,  
t i ie crux of which has t o  do wi th  age of my lon i t i za t ion ,  and t h e  r e l a t i o n  
between mylon i t i za t ion ,  detachment f a u l t i n g ,  and b r i t t l e  ex tens ion  of t h e  
upper p l a t e .  One school  holds t h a t  a l l  t h e s e  phenomena a r e  contemporaneous, 
anil. t y p i c a l l y  of mid-Tertiary age. According t o  some, t h e  detachment marks 
t h e  t r a n s i t i o n  from d u c t i l e  t o  b r i t t l e  behavior ,  t h e  former occuring va r ious ly  
a t  middle- o r  upper-crustal  l eve l s .  Others f e e l  i n s t e a d  t h a t  t h e  detachment 
has  a g e n t l e  but cons tan t  d ip ,  and now juxtaposes rocks o r i g i n a l l y  formed a t  



HEAT AND DETACHMENT IN CORE-COMPLEX EXTENSIONoe. 

Lucch i t t a ,  I, 

d i f f e r e n t  c r u s t a l  l eve l s .  The second main school  ho lds  ins tead  t h a t  t h e  
mylonites and t h e  detachment with a s soc i a t ed  ex tens ion  a r e  e n t i r e l y  d i f f e r e n t  
i n  age ( l a t e s t  Cretaceous t o  e a r l y  T e r t i a r y  ve r sus  Miocene), and thus  not  
r e l a t e d  gene t i ca l ly .  

I propose t h a t  t h e  volcanism, t h e  t h r e e  t e c t o n i c  phases,  and a t  l e a s t  
pa r t  of t h e  lower-plate my lon i t i za t ion  a r e  t h e  r e s u l t  of a s i n g l e  mid-Tertiary 
thermot e c t o n i c  process  a c t i n g  and evolving through time. I f u r t h e r  propose 
t h a t  t hese  phenomena may be superposed on e a r l i e r  (Cretaceous)  thermotectonic  
f e a t u r e s ,  and l o c a l i z e d  by r e s i d u a l  h e a t  from t h e  e a r l i e r  event.  These 
sugges t ions  a r e  based on d e t a i l e d  f i e l d  work i n  west-central  Arizona, where 
exposures a r e  good, a l l  t h r e e  t e c t o n i c  phases a r e  wel l-represented,  and a l l  
t h r e e  elements of core  complexes well-displayed. This  a r e a  f u r t h e r  b e n e f i t s  
from the  c l o s e  proximity of t h e  c r a t o n  (Colorado P la t eau )  t o  a  co re  complex, a  
boundary cond i t i on  t h a t  he lps  r e f i n e  and r e s t r i c t  poss ib le  i n t e r p r e t a t i o n s .  

A few years  ago, i t  was widely he ld  t h a t  t h e  upper p l a t e  cons is ted  of a  
s o r t  of l a r g e  gravi ty-g l ide  shee t  ( f o r  example, Shackelford,  1976). I n  t h e  
B i l l  W i l l i a m s  a r e a  of west-central  Arizona, however, i t  i s  poss ib l e  t o  s t a r t  
i n  t h e  upper p l a t e  d i r e c t l y  above t h e  detachment f a u l t ,  and t r a v e l  
northeastward toward t h e  Colorado P la t eau  on e s s e n t i a l l y  cont inuous bedrock 
exposure. This  l e d  Neil  Suneson and me t o  conclude t h a t  t h e  upper p l a t e  i s  
cont inuous wi th  basement rocks of the  Colorado P la t eau ,  and thus  cannot be a  
grav i ty-g l ide  shee t  (Lucchi t ta  and Suneson, 1981a; Lucchi t ta  and Suneson, 
1981b). Pene t r a t ive  l i n e a t i o n  i n  t h e  lower p l a t e  i n d i c a t e s  movement e i t h e r  
t o  the  no r theas t  o r  t h e  southwest. The argument g iven  above sugges ts  t h a t  t h e  
lower p l a t e ,  a  r e l a t i v e l y  small  t e c t o n i c  element,  has moved r e l a t i v e l y  
southwestward from under t h e  c r a ton ,  and i s  t h e  a c t i v e  element. B r i t t l e  
deformation of t h e  upper p l a t e  i s  a  pass ive  response t o  lower-plate movement, 
a s  probably i s  t h e  case  with thin-skin t e c t o n i c s  i n  general .  These concepts  
have been echoed by Wernicke and incorpora ted  i n  h i s  well-known hypothesis  ,*. 

t' 

(Wernicke, 1981). 

Movement along t h e  detachment f a u l t  occur red throughout depos i t  i on  of t he  
Miocene syn tec ton ic  sedimentary and volcanic  Sequence I ,  a s  shown by d i p s  
w i t h i n  t h e  sequence t h a t  change g radua l ly  from nea r ly  v e r t i c a l  i n  t h e  lower 
beds t o  gen t ly  t i l t e d  i n  t h e  upper ones. These d i p s  were produced by r o t a t i o n  
of blocks along f a u l t s  t h a t  merge wi th  o r  a r e  t runca ted  by t h e  detachment, but  
do not cont inue  beneath it. The sequence of K / A r  rad iometr ic  d a t e s  he lps  t o  
document t h e  h i s t o r y  of t h e  detachment (Suneson and Lucch i t t a ,  1979; Suneson 
and Lucch i t t a ,  1983). Basa l t  near  t h e  base of t h e  sequence and 17-18 m.y. o ld  
d i p s  s t e e p l y ,  and thus  preda tes  most of t h e  movement. Conglomerate i n t e r -  
bedded wi th  12-14 m y .  r h y o l i t e s  d ips  only gen t ly ,  and thus  post-dates most 
f a u l t i n g .  This  conglomerate neve r the l e s s  i s  c u t  by the  detachment and l i s t r i c  
f a u l t s ,  i n d i c a t i n g  t h a t  t h e  l a t e  movements of Phase I were s t i l l  going on. 
Concurrent ly wi th  the  f a u l t i n g ,  t h e  c e n t r a l  a r e a  of t h e  co re  complex was domed 
up, a s  i nd ica t ed  by ponding, r e v e r s a l  of drainage,  and t h e  emplacement wi th in  
t h e  Sequence I package of b recc i a s  and gravi ty-g l ide  shee t s  der ived from t h e  
u p l i f t e d  a rea .  C h a r a c t e r i s t i c  of t h i s  phase a r e  mineral ized ve ins  emplaced 
along t h e  l i s t r i c  f a u l t s ,  and d e p o s i t s  of carbonate ,  hemati te ,  and copper 
s u l f a t e s ,  l o c a l l y  with r e spec t ab le  s i l v e r  and gold concent ra t  i ons ,  a long the  
detachment f a u l t .  These f e a t u r e s  suggest  hydrothermal a c t i v i t y  , which a l s o  
would exp la in  the  b recc i a s  (hydro f rac tu r ing )  and gravi ty-g l ide  s h e e t s  (pore 
overpressure) .  



66 HEAT AND DETACHMENT IN CORE-COMPLEX EXTENSION,.. 

Lucch i t t a ,  I. 

Phase I g radua l ly  gave way t o  t h e  c l a s s i c  basin-range f a u l t i n g  of Phase 
11, which was accompanied' by minor t i l t i n g  and emplacement of b a s a l t s  
t y p i c a l l y  9 t o  12 m.y. old.  Rhyol i tes  a r e  absent.  Both t h e  f a u l t s  and t h e  
b a s a l t s  occur  over much wider a r e a s  t han  t h e  corresponding f e a t u r e s  of Phase 
I. Phase 11 graded i n t o  t h e  t e c t o n i c  quiescence of Phase 111, whose e a r l y  
pa r t  W$S marked by t h e  emplacement of small  volunes of b a s a l t s  5.5-8.5 m.y. 
o l d ,  whereas no volcanic  a c t i v i t y  occurred l a t e r  on. 

The b a s a l t s  and r h y o l i t e  of Phase I a r e  t h e  volcanic  rocks most 
s i g n i f i c a n t  vo lume t r i ca l ly ,  even though they a r e  r e s t r i c t e d  t o  a  r e l a t i v e l y  
small  a rea .  This i s  e s p e c i a l l y  t r u e  of t h e  r h y o l i t e s  which, however, were 
emplaced i n  small  cen ters .  Basa l t s  of Phase I1 a r e  widely d i s t r i b u t e d ,  bu t  
much smal le r  i n  volume than  e a r l i e r  vo lcanic  rocks. Basa l t s  of Phase 111 a r e  
n e g l i g i b l e  volumetr ica l ly .  

The p i c t u r e  t h a t  emerges i s  t h i s :  ( 1 )  i n t e n s e  tectonism, doming, and 
volcanic  a c t i v i t y  i n  a  r e l a t i v e l y  r e s t r i c t e d  a r e a  beginning about 17 meye ago, 
and peaking 12-14 m.y. ago, w i th  emplacement of much r h y o l i t e  and accompanied 
by hydrothermal a c t i v i t y .  ( 2 )  c e s s a t i o n  of rhyol ' i te a c t i v i t y ,  decrease i n  
volcanism and change i n  t e c t o n i c  s t y l e ,  bu t  involvement of a  much l a r g e r  a r e a  
between about 12 and 9 m.y. ago. F i n a l l y ,  ( 3 )  r a p i d  decrease of volcanism and 
tectonism 8.5-5.1 m.y. ago, and complete quiescence a f t e r  t ha t .  

The coexis tence  of tectonism and volcanism, and t h e i r  sys temat ic  change 
wi th  time, suggest  t h a t  bo th  a r e  t h e  r e s u l t  of thermotectonic  processes  whose 
evolu t ion  produced t h e  va r ious  volcanic  and t e c t o n i c  s t y l e s  t h a t  one sees .  
This  idea  i s  f u r t h e r  re inforced  by t h e  probable hydrothermal a c t i v i t y ,  and 
e s p e c i a l l y  by t h e  f a c t  t h a t  t h e  var ious  r h y o l i t e  masses, which a r e  small  
i n d i v i d u a l l y  and of lower-crust d e r i v a t i o n  (Suneson and Lucchi t  t a ,  1983), 
could not reach t h e  s u r f a c e  without congeal ing un le s s  t h e  e n t i r e  c r u s t  was 
hot .  These and o t h e r  observa t ions  a r e  woven i n t o  t h e  following model, which 
i s  der ived from west-central  Arizona but probably can be appl ied  t o  o the r  
a r e a s  of core-complex o r  th in-sk in  t e c t o n i c s  a s  well .  

I n  mid-Miocene time, probably s t a r t i n g  about 17 m.y. ago, p a r t s  of 
wes t - cen t r a l  Arizona were a f f e c t e d  by a  thermal pu l se  assoc ia ted  w i t h  
northeast-southwest extension.  The pulse ,  which presumably r e f l e c t s  i n j e c t i o n  
of b a s a l t s  and perhaps of p lu ton ic  masses i n  t h e  lower and middle c r u s t  a s  
w e l l ,  r e s u l t e d  i n  a  s t e e p  thermal f r o n t  migra t ing  upward. Heating was no t  
uniform, so t h a t  t h e  su r f ace  defined by any isotherm w i t h i n  t h e  f r o n t  was 
mildly i r r e g u l a r  and showed b l i s t e r - l i k e  domes o r  we l t s  i n  t h e  h o t t e r  spo t s .  
Within the  f r d n t  was a  c r i t i c a l  su r f ace  marking t h e  t r a n s i t i o n  from d u c t i l e  
behavior below t o  b r i t t l e  behavior above. This  s u r f a c e  was defined pr imar i ly  
by temperature,  but  a l s o  by f a c t o r s  such a s  p re s su re  and t h e  presence of 
water. The su r f ace  coincided wi th  t h e  detachment f a u l t ,  given t h e  p reva i l i ng  
ex tens iona l  regime. When t h e  r h y o l i t e s  were emplaced 12-14 m.y, ago, a t  t h e  
he ight  of hea t ing ,  t h e  c r i t i c a l  s u r f a c e  w a s  a t  most a  few km beneath t h e  
topographic su r f ace  i n  t h e  h o t t e s t  a r e a s ,  which were marked by i n t e n s e  
deformation along c l o s e l y  spaced Phase I l i s t r i c  f a u l t s  t h a t  had a small  
r a d i u s  of cu rva tu re  and merged w i t h  t h e  detachment. The p o s i t i o n  of t h e  
thermal f r o n t  a t  t h i s  time may wel l  have been c o n t r o l l e d  and s t a b i l i z e d  by 
i n t e r a c t i o n  w i t h  groundwater producing a  convect ive hydrothermal system 
car ry ing  hea t  t o  t h e  topographic s u r f a c e  a s  f a s t  a s  i t  was suppl ied  from 
below, i n  t h e  manner of Yellowstone. This  mechanism permits  e leva ted  
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temperatures  and very s t e e p  thermal g r a d i e n t s  t o  e x i s t  i n  a cons tan t  p o s i t i o n  
a t  very sha l low depths beneath t h e  sur face .  The detachment f a u l t ,  co inc iden t  
w i th  the  c r i t i c a l  su r f ace ,  was t h e  base of t h e  zone of c i r c u l a t i o n  because 
d u c t i l e  flow sea led  t h e  rocks beneath it. Consequently, m a t e r i a l s  such a s  
s i l i c a  and c a l c i t e  p r e c i p i t a t e d  above o r  a t  t h e  detachment, bu t  a t  no 
s i g n i f i c a n t  depth beneath it. 

With waning of t h e  thermal pulse ,  r h y o l i t e  e f f u s i o n  was shut  o f f ,  t h e  
isotherms sank,  and t h e  con f igu ra t ion  of t h e  c r i t i c a l  su r f ace  became smoother 
through e q u i l i b r a t i o n  be tween a r e a s  prev ious ly  r e l a t i v e l y  hot and those  
r e l a t i v e l y  cold. Even though t h e  c r i t i c a l  s u r f a c e  was now deeper than  i t  had 
been previous ly  i n  t h e  hot  s p o t s ,  i t  was s t i l l  shal low enough t o  be "seen" by 
f a u l t s  a t  t h e  topographic s u r f a c e ,  and t h i s  over a wide a rea .  The r e s u l t  was 
t h e  widely d i s t r i b u t e d ,  widely spaced basin-range f a u l t s ,  w i th  l a r g e  r ad ius  of 
cu rva tu re  (Phase 11).  I n  i t s  descent ,  t h e  c r i t i c a l  s u r f a c e  would have 
generated and l e f t  behind many planes of detachment, none, however, a s  
prominent a s  t he  upper one owing t o  much s h o r t e r  res idence  times. This  i s  
what one sees  i n  t he  f i e l d  and i n  se i smic  p r o f i l e s .  

F i n a l l y ,  f u r t h e r  cool ing  caused t h e  c r i t i c a l  s u r f a c e  t o  s i n k  t o  a l e v e l  
unreachable by f a u l t s  a t  t h e  topographic su r f ace ,  so t h a t  tectonism ceased and 
volcanism shu t  off  a s  wel l .  This i s  t h e  quiescence of Phase 111. 

The model a s  presented accounts  q u i t e  we l l  f o r  many of t he  s t r u c t u r a l  and 
volcanic  f e a t u r e s  of wes t -cent ra l  Arizona as they  changed through time. It 
does not account d i r e c t l y  f o r  two th ings :  ( 1 )  t h e  Cretaceous d a t e s  t h a t  have 
been obta ined  i n  p l aces ,  and t h e  r e l a t i v e l y  high-pressure phases t h a t  have 
been observed l o c a l l y  i n  rocks of t h e  lower p l a t e ;  and (2 )  t h e  presence i n  
o ther  co re  complexes of major detachments a t  s t r a t i g r a p h i c  breaks wi th in  
sedimentary sequence r a t h e r  t han  a t  t h e  i n t e r f a c e  be tween me tam0 rph ic  and 
sedimentary rocks. I propose t h a t  t h e s e  ques t ions  can be reso lved  i n  pa r t  by 
t h e  c h a r a c t e r i s t i c s  of t h e  K / A r  c lock,  i n  pa r t  by r e a c t i v a t i o n  of o l d e r  
s t r u c t u r a l  and t e c t o n i c  f ea tu re s .  

Severa l  independent c r i t e r i a  suggest  t h a t  t h e  temperature i n  lower-plate 
rocks,  below but near  t h e  detachment f a u l t  was i n  t h e  range of 320-360' C. 
According t o  E.H. McKee (pe r sona l  communication, 1983),  t h i s  i s  t h e  tempera- 
t u r e  a t  which t h e  K / A r  c lock  begins t o  be r e s e t  a t  geo log ica l ly  s i g n i f i c a n t  
r a t e s  through argon loss .  One would t h e r e f o r e  expect t h a t  varying amounts of 
"old" argon would be preserved,  depending on t h e  T e r t i a r y  thermal h i s  t o ry  of 
t h e  p a r t i c u l a r  rocks sampled. Considering t h a t  Precambrian igneous and 
metamorphic rocks probably were t h e  p r o t o l i t h  f o r  much of t h e  lower-plate  
myloni te  gne i s s ,  one would expect a wide range of K / A r  da t e s ,  a s  a r e s u l t  of 
contamination by "old" argon. According t o  t h i s  argument, only t h e  youngest 
K / A r  ages would be s i g n i f i c a n t  w i th  regard t o  t h e  mylon i t i za t ion  event.  

Mixing of o l d e r  ( l a t e  Cretaceous-early T e r t i a r y )  and mid-Tertiary ages 
can  a l s o  r e s u l t  from mid-Tertiary r e so f t en ing  of a r e a s  previously a f f e c t e d  by 
l a t e  Cretaceous-early T e r t i a r y  thermal so£ t en ing  and deformat ion. Residual  
h e a t  from t h e  e a r l y  event would cause such a r e a s  t o  f a i l  p r e f e r e n t i a l l y  during 
t h e  Miocene thermal even t ,  r e s u l t i n g  i n  widespread jux tapos i t i on  of o l d e r  and 
younger ages and deformation f ea tu re s .  
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F i n a l l y ,  g iven  s t rong  ex tens ion ,  mechanical inhomogeneities such a s  o ld  
near-horizontal  f a u l t s  and con tac t s  between rocks of widely d i f f e r e n t  
s t r e n g t h s  a r e  l i k e l y  t o  produce detachment and d i s c o n t i n u i t i e s  i n  s t r u c t u r a l  
s t y l e  above o r  even f a r  away from a c r i t i c a l  s u r f  ace of t h e  kind discussed 
above. Even i n  t h i s  case ,  however, a detachment r e l a t e d  t o  t h e  c r i t i c a l  
su r f ace  should be present  a t  some depth. In  f a c t ,  t h e  l o g i c  of t h e  c r i t i c a l  
sur f  ace  d i c t a t e s  t h a t  such a detachment should be present  everywhere, t h e  only 
v a r i a b l e  being depth and thus  t h e  kind and amount of e f f e c t s  v i s i b l e  a t  t h e  
topographic sur face .  The u l t ima te  and perhaps outrageous consequence is  t h a t  
such a detachment should be present  beneath a n  e n t i r e  ex tens iona l  t e r r a n e  l i k e  
t h e  Basin and Range Province. 

I n  summary, i t  is  proposed he re  t h a t  t h e  Miocene t o  Recent s t r u c t u r a l  and 
volcanic  f e a t u r e s  of t h e  Basin and Range Province can be explained by a s i n g l e  
thennotec tonic  process  a c t i n g  through time. This  process  c o n s i s t s  of a 
thermal pulse  r e s u l t i n g  i n  a high-temperature regime t h a t  i nc ludes  a s t e e p  
thensa l  f r o n t  moving f i r s t  up toward t h e  topographic surf  ace ,  t hen  down owing 
t o  cool ing induced by a combination of convect ion and conduction. Within t h e  
f r o n t  is  a PT cond i t i on  de f in ing  a c r i t i c a l  s u r f a c e  t h a t  s epa ra t e s  b r i t t l e  
from ' duc t i l e  behavior ,  and i s  marked by a nea r ly  h o r i z o n t a l  detachment 
f a u l t  . The most prominent and s t r u c t u r a l l y  h ighes t  p o s i t i o n  of t h e  detachment 
r e s u l t s  from i n t e r a c t i o n  between t h e  c r i t i c a l  s u r f a c e  and a hydrothermal 
system near  t h e  topographic surface.  These va r ious  f e a t u r e s  can  be superposed 
on o lde r  ones through thermal remobi l iza t ion  o r  s t r u c t u r a l  r e a c t i v a t i o n .  
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