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The topographical  l y  h igh  areas c u t  by Noct is  Labyrinthus, Noct is  Fossae, 
and C l a r i t a s  Fossae [1] were subjected t o  on ly  minor resur fac ing  dur ing  and 
f o l l  owing 1 ocal t e c t o n i c  a c t i v i t y .  P r i n c i p a l  resur fac ing  ma te r ia l s  cons is t  o f  
lava f lows from Syr ia  Planum and Thars is  Montes [2]. Thus, these areas 
preserve much o f  t h e  f a u l t  record produced by tectonism i n  t h i s  region, 
Although recent geologic maps o f  t h e  area have been produced from Vik ing  
images [2,3], t he  on ly  d e t a i l e d  f a u l t  h i s t o r i e s  a v a i l a b l e  u n t i l  now were 
described from Mariner 9 images [4,5]. Much o f  t h e  f a u l t i n g  i n  t h e  Thars is  
t e c t o n i c  province was centered i n  Syr ia  P l  anum [6,7] ; therefore,  understanding 
t h e  f a u l t  h i s t o r y  i n  t h i s  region i s  c r i t i c a l  t o  understanding t h e  s t ress  
h i s t o r y  and tectonism o f  Tharsis as a whole. 

Our p re l im ina ry  mapping of f a u l t  pa t te rns  i n  t h e  Noct is  Labyrinthus- 
C l a r i t a s  Fossae reg ion of Mars reveals several d i s t i n c t  stages and 
morphologies o f  f a u l t i n g .  The reg iona l  f a u l t  h i s t o r y  ( from o ldes t  t o  
youngest) i s  as fo l l ows :  

(1 )  Broad, most ly  eas t - t rend i  ng grabens c u t  i n t o  o l d e r  f rac tured t e r r a i n  
and basement mater ia l  [2] o f  southern C l a r i t a s  Fossae. The graben-bounding 
scarps became degraded and were embayed by smooth deposits . 

(2)  Long, narrow grabens o r ien ted  r a d i a l  t o  Syr ia  Planum form dense, 
para1 1 e l  - to - fann i  ng areas of f a u l t s  i n  Noct i  s  Fossae and throughout C l  a r i  t a s  
Fossae (Fig. 1). A1 though much o f  t h e  f a u l t i n g  preceded resur fac ing  f rom 
Syr ia Planum, some l a t e r  f a u l t s  cu t  low, smooth areas o f  t h e  Noct is  area and 
f lows o f  t h e  lower member o f  t h e  Syr ia  Planum Formation [2] south o f  Sy r ia  
Planum (south-centra l  p a r t  of area i n  Fig. 1). A few east- t rending f a u l t s  are 
r a d i a l  t o  and 1 i e  west o f  Syr ia Planum. 

(3) Concentric f rac tu res  formed main ly  nor th  and west o f  Syr ia  Planum 
(Fig. 2) and appear more p r i s t i n e ,  wider, and deeper than l o c a l  r a d i a l  
f rac tu res  o f  t h e  previous stage. They are dense a t  t h e  nor th  and west edges 
o f  Syr ia Planum, and some cu t  t h e  upper member o f  t h e  Syr ia Planum Formation 
i n  southwestern Syr ia P l  anum. 

(4)  Col 1 apse p i t s ,  p i  t - c r a t e r  chains, ri 11 es, and deep grabens 
charac ter ize  the  deformat i  on t h a t  c o l  1 e c t i  ve ly  describes Noct i  s  Labyr i  nthus 
(Fig. 3). The o r i e n t a t i o n s  o f  these features are con t ro l  l e d  main ly  by t h e  
p r e e x i s t i n g  r a d i a l  and concent r ic  f a u l t  systems; a d d i t i o n a l l y ,  some 
tangent ia l ,  WNW- t o  NNW-trending f a u l t s  and co l l apse  features were produced. 
This a c t i v i t y  was most s i g n i f i c a n t  n o r t h  and east o f  Syr ia Planum, 
p a r t i c u l a r l y  a t  t h e  west end o f  Val l e s  Mar iner is .  Sinuous r i l l e s  t h a t  may 
have been s i t e s  o f  lava ex t rus ion  formed on Syr ia  Planum. 

(5)  Arcuate, scal  1 op-shaped and 1 i near NNW-t rend i  ng f a u l t s  devel oped 
along t h e  east s ide  o f  t h e  C l a r i t a s  r i s e  and i n  southern and western Syr ia  
Pl anum, c u t t i n g  c i r cumfe ren t ia l  f a u l t s  o f  Syr ia  P l  anum and t h e  upper member o f  
t h e  Syr ia  Planum Formation; nor thwest- t rending f a u l t s  i n  t h e  Noct is  area c u t  
across t h e  co l lapse depressions o f  t h e  previous stage (Fig. 4). 

Although t h i s  f a u l t  h i s t o r y  genera l ly  agrees w i t h  t h a t  o f  [4,5] on a 
1 ocal basis, t h e i  r reg iona l  syntheses o f  t h e  f a u l t  pa t te rns  and t h e i r  t e c t o n i c  
in ferences d i f f e r  from those presented here. The f a u l t  h i s t o r y  ascer ta ined 
above forms t h e  basis upon which we se t  f o r t h  the  f o l l o w i n g  s t y l e  and t i m i n g  
o f  t h e  t e c t o n i c  h i s t o r y  o f  t he  region, given s t r e s s - f i e l d  p red ic t i ons  based on 
geophysical models [8-101 and t h e  s t r a t i g r a p h i c  pos i t i ons  o f  t he  f a u l t s  and 
the  ma te r ia l s  they cu t  o r  under1 i e  [ll] : 
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Early t o  Mi ddl e Noachi an Epochs : North-south ex tens ion  produced e a s t - t r e n d i  ng 
grabens i n  southern  C l a r i t a s  Fossae: f a u l t s  s c a m s  were eroded and embaved, 
Late Noachian t o  Late  Hesperian ~ ~ o c h s  ( s t a g e  1) ;  I s o s t a t i c  up1 i f t  cen t e r ed  
i n  Syr ia  Planum produced r a d i a l  f r a c t u r e s  (Fig. I ) ,  
Late Hesperi an ~ p o c h  ( s t a g e  2)  : Flexural ioadi  ng of northern Syr ia  Pl anum 
caused subsidence and concen t r i c  f r a c t u r i  na (Fia .  21. 
Late  Hesperian Epoch ( s t a g e  3)  : Up1 i f t  o f W t h e  i o c t i s  a r ea  north and e a s t  of 
Syr ia  Planum i n i t i a t e d  c o l l a p s e  t h a t  may have been i n t e n s i f i e d  b.y subsu r f ace  
withdrawal of magma and vol a t i  1 es ( ~ i  g.- 3).  

- 

Early Amazonian Epoch: Lowering of t h e  eastern f l ank  of t h e  C l a r i t a s  rise 
produced NNW-trending grabens and normal f a u l t s  (perhaps r e l a t e d  t o  u p l i f t  of 
t h e  C l a r i t a s  rise [12]); northwest- t rending f a u l t s  i n  t h e  Noctis a r e a  may be  
r e l a t e d  t o  t h i s  tectonism.  

The s t r u c t u r e s  corresponding t o  t h e s e  t e c t o n i c  ep isodes  appear  t o  have, 
i n  most ca se s ,  d i s t i n c t i v e  ove ra l l  morphologies,  They d i f f e r  i n  shape (e.g., 
grabens vs, p i t - c r a t e r  cha ins ) ,  spacing (between f a u l t s  and between graben- 
bounding f a u l t s ) ,  v e r t i c a l  throw, f a u l  t - s c a r p  s l o p e  angle ,  c o n t i n u i t y  ( l eng thy  
vs. segmented), and s o  f o r t h ,  With t h e  a i d  of photoclinometry t o  measure t h e  
v e r t i c a l  dimension, we in t end  t o  quan t i fy  such parameters s o  t h a t  t h e  r e l a t i o n  
of f a u l t  s t y l e  and morphology t o  t e c t o n i c  and r e su r f ac ing  h i s t o r y  can be 
f u r t h e r  analyzed. 
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Fi  gs. 1-4. Progressive s t r u c t u r a l  development of t h e  Noct is  Labyr i  nthus- 
C l a r i t a s  Fossae reg ion  o f  Mars. 




