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The th ree  f l ybys  o f  Mercury by t h e  Mar ine r  10 spacecra f t  i n  1974 and 1975 prov ided us w i t h  
photographic coverage o f  about 40 percent  o f  t h e  p l a n e t ' s  sur face w i t h  an average r e s o l u t i o n  o f  1 t o  2 
km [I]. These data were used t o  prepare a s e r i e s  o f  n ine  geologic  quadrangle maps a t  a  scale o f  1:5 M. 
Work on a synopt ic  geo log ic  map o f  t h e  imaged hemisphere o f  Mercury a t  1:10 M scale (by Spudis) i s  i n  
progress; t h i s  work i s  summarized i n  [2]. Through t h e  use o f  these geologic  maps and new geo log ic  
a n a l y s i s  [2], we have prepared a s e r i e s  o f  pa leogeologic  maps t h a t  show the  sur face geology o f  t h e  
imaged hemisphere o f  Mercury a t  s i x  d i f f e r e n t  stages i n  i t s  h i s t o r y .  These new maps f a c i l i t a t e  
i n t e r p l a n e t a r y  comparisons o f  geo log ic  e v o l u t i o n ,  p a r t i c u l a r l y  w i t h  t h a t  o f  t h e  Moon [2]. 

Mercur ian s t r a t i g r a p h i c  systems. The t i m e - s t r a t i g r a p h i c  c l a s s i f i c a t i o n  developed f o r  the  geo log ic  
mapping of Mercury L2,3] i s  pa t te rned  a f t e r  t h e  c l a s s i f i c a t i o n  used f o r  l unar  mapping [4,5]. Mercu r ian  
h i s t o r y  i s  subdivided i n t o  f i v e  systems; f rom o l d e s t  t o  youngest, they  are (1) pre-Tols to jan,  (2) 
To ls to jan ,  (3)  Calor ian,  (4)  Mansurian, and (5 )  Kuiperian. The p re -To ls to jan  comprises t h e  g e o l o g i c  
u n i t s  emplaced p r i o r  t o  t h e  impact t h a t  formed t h e  T o l s t o j  bas in (-16O, 164'; 510 km dia.). The u n i t s  
i n c l u d e  m a t e r i a l s  o f  anc ien t  c r a t e r s  and m u l t i - r i n g  basins and i n t e r c r a t e r  p l a i n s  [ti]. U n i t s  emplaced 
a f t e r  t h e  T o l s t o j  impact b u t  be fo re  t h e  C a l o r i s  impact make up t h e  To ls to jan  System. This  system 
encompasses most ly  c r a t e r  deposi ts ,  a l though  m a t e r i a l s  o f  some basins (e.g., Beethoven) and some p l a i n s  
u n i t s  were emplaced dur ing  T o l s t o j a n  t ime. The Ca lo r ian  System inc ludes  m a t e r i a l s  of the  C a l o r i s  b a s i n  
(30°, 195"; 1340 km dia.),  widespread smooth p l a i n s  m a t e r i a l ,  and many l a r g e  c r a t e r s  and doub le - r ing  
bas ins  (e.g., Bach). Most Mercur ian geo log ic  u n i t s  a re  o f  t h i s  age o r  o lde r  [2]. The remain ing two  
systems, the  Mansurian (whose base i s  t h e  base o f  depos i t s  from t h e  c r a t e r  Mansur. 48', 163O; 75 km 
dia.) and Ku ipe r ian  (whose base i s  t h e  base o f  depos i t s  from t h e  c r a t e r  Kuiper, -11°, 31.5'; 60 km 
dia. ) ,  cons is t  on ly  o f  younger c r a t e r  depos i t s ;  no reg iona l  geo log ic  u n i t s  of these ages a re  recognized. 

Paleogeologic maps and Mercur ian geo log ic  evo lu t ion .  Sometime d u r i n g  t h e  heavy bombardment, t h e  r 
e a r l i e s t  c r a t e r i n g  record  o f  Mercury was l a r g e l y  dest royed by t h e  widespread depos i t i on  o f  i n t e r c r a t e r  
p l a i n s  mate r ia l  [6]. The l a r g e s t  c r a t e r s  o f  t h i s  p e r i o d  (bas ins) ,  which have been p a r t l y  preserved 
[2,7], suggest t h a t  Mercury 's  sur face may have resembled t h e  l u n a r  h igh lands a t  an e a r l i e r  stage. The 
wide, probably g loba l  d i s t r i b u t i o n  o f  the  i n t e r c r a t e r  p l a i n s  suggests t h a t  they may be a t  l e a s t  p a r t l y  
vo lcan ic  i n  o r i g i n  [2,8]. The T o l s t o j  b a s i n  impact occurred when t h e  impact f l u x  was beginning t o  
d e c l i n e  b u t  was s t i l l  h igh;  some p l a i n s  m a t e r i a l s  were a l s o  emplaced a t  t h i s  time. The C a l o r i s  impact 
formed the  l a r g e s t ,  bes t  preserved bas in  on t h e  imaged p a r t  o f  Mercury 's  surface, and i t  prov ides  a 
r e g i o n a l l y  extensive s t r a t i g r a p h i c  datum. Some f i n i t e  b u t  probably  shor t  t ime  a f t e r  t h i s  impact, smooth 
p l a i n s  mate r ia l  was emplaced over vas t  reg ions,  probably  through e r u p t i o n s  of vo lcanic  f l ood  l a v a s  
[2,6,8]. Since t h i s  emplacement, a  r a p i d l y  d e c l i n i n g  c r a t e r i n g  r a t e  has produced minimal changes t o  
Mercury's surface. 

Com ar isons w i t h  l unar  s t r a t i g r a p h y .  Both on t h e  imaged p a r t  o f  Mercury and on the  Moon, a lmost  a l l  
geoyogic a c t i v i t y  occurred e a r l y  i n  p l a n e t a r y  h i s t o r y - - d u r i n g  p re -To ls to jan  t o  e a r l y  Ca lo r ian  t i m e  on 
Mercury and dur ing  pre-Nectar ian t o  e a r l y  Imbr ian t i m e  on t h e  Moon [5]. A s i g n i f i c a n t  d i f f e r e n c e  
between t h e  two bodies i s  t h e  extended p e r i o d  o f  mare (smooth p l a i n s )  depos i t i on  on the  Moon, which may 
have extended i n t o  Copernican t ime [9]. Such a wide range i n  age f o r  Mercurian p l a i n s  i s  n o t  e v i d e n t  
w i t h i n  t h e  hemisphere imaged by Mar iner  10. 

To est imate t h e  c r a t e r i n g  r a t e s  i n  t h e  e a r l y  h i s t o r i e s  o f  t h e  two bodies, the  r e l a t i v e  ages o f  some 
comparable Mercurian and l u n a r  geologic  u n i t s  can be p l o t t e d  aga ins t  c r a t e r  d e n s i t i e s  ( f ig .  1). 
Although we have absolute ages f o r  on ly  some l u n a r  geo log ic  u n i t s  ( f i g .  l b ) ,  t h e  general shapes o f  t h e  
two curves are c l e a r l y  s i m i l a r .  Depos i t i on  o f  the  smooth p l a i n s  m a t e r i a l  on Mercury was v i r t u a l l y  t h e  
l a s t  g loba l  geo log ic  event on t h a t  p lane t ;  o n l y  impact c r a t e r s  have formed since. Crater  d e n s i t i e s  on 
t h e  Mercurian smooth p l a i n s  are comparable t o  the  c r a t e r  d e n s i t y  on t h e  l u n a r  Imbrium basin d e p o s i t s  
( f i g .  1; see a l s o  [ lo]).  Th is  suggests t h a t  t h e  l a s t  major  geo log ic  a c t i v i t y  occurred on Mercury 
rough ly  3.8 b.y. ago [ll], although i t  i s  by no means c e r t a i n  t h a t  abso lu te  ages may be d i r e c t l y  
compared between t h e  two bodies [12]. I n  any event, most Mercur ian geo log ic  a c t i v i t y  was conf ined t o  
i t s  e a r l y  h i s t o r y .  Large areas o f  r e l a t i v e l y  uncratered u n i t s ,  such as are widespread on Mars [11,13], 
do no t  occur on Mercury. It thus  appears t h a t  i n  regard t o  geo log ic  evo lu t ion ,  Mercury has more i n  
common w i t h  t h e  Moon than w i t h  Mars. 

References: [I] Davies, M., e t  a l .  (1978) NASA SP-423, 128 pp. [2] Spudis, P.D. and Guest, J.E. ( i n  
press , Mercury, U. o f  Ar iz .  Press. [3] Spudis, P.D. (1985) NASA TM-87563, 595. [41 Shoemaker, E. and 
H a c k m ! n , ~ 6 2 )  (n The Moon, Academic Press, N.Y., 289. [5] W i l  helms, D.E. ( i n  press) USGS PP 
1348. [6] Trask, N. and Guest, J.E. (1975) JGR 80, 2461. [7] Pike, P.J. and Spudis, P.O. ( i n  p ress )  
Earth, %on, and Planets. [8] Strom, R.G. ( I ~ ~ ~ ~ N A S A  SP-469, 12. [9] Schultz, P.H. and Spudis, P.D. 
(1983) Nature 302, 233. [ l o ]  Murray B., e t  a l .  (1974) Science 185, 169. [ll] B a s a l t i c  Volcanism 
T e r r e s t r i a l  P lanets (1981), Pergamon Press, 1286 pp. [12] Chap=, C.R. (1976) Icarus, 28, 523. [13] 
S c o t t ,  D.H., and Carr, M.H. (1978) USGS Map 1-1083. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



PALEOGEOLOGIC MAPS OF MERCURY 

Spudis, P.D. and Guest J.E. 

O ore-To1stol.n Tolstojan Calorlsn 

RELATIVE AGE 

LPSC X V I I I  941 

(b.y.) 
RELATIVE AGE 

Figure 1. P l o t s  o f  cumulative dens i t y  o f  primary impact c r a t e r s  g r e a t e r  than 20 km i n  diameter on 
var ious geologic  u n i t s  on Mercury and t h e  Moon versus s t r a t i g r a p h i c a l l y  de f ined  r e l a t i v e  ages. (a) 
Mercury. T o l s t o j  and Ca lo r i s  basins have no hor i zon ta l  e r r o r  bars because they de f ine  beginnings of 
systems. Note t h a t  both Ca lo r i s  bas in  f i l l  and e x t e r i o r  smooth p l a i n s  mate r ia l  postdate Ca lo r i s  basin 
e jecta.  (b) Moon. Nectar is  and Imbrium basins have no hor i zon ta l  e r r o r  bars because they de f ine  
beginnings o f  systems. Crat r d e n s i t i e s  f o r  basins from [5]; data f o r  average maria from [I l l .  4 Absolute ages i n  b i l l i o n  (10 ) years. Note t h a t  f o r  comparable s t r a t i g r a p h i c  pos i t i ons ,  l unar  u n i t s  
d isp lay  lower absolute c r a t e r  d e n s i t i e s  than Mercurian u n i t s .  
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