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The popu la t ion  o f  Venusian c r a t e r s  ha i n g  suspected impact-crater  8 morphology has been repor ted  from 115 X 10 km2 o f  t he  nor thern 
hemisphere of t he  p lanet  12, 31. They est imated the  average age o f  t h e  
sur face t o  be approximately 1 b.y. (k0.5 b.y.) on the  bas is  o f  l una r  
c ra ter -product ion  curves [4,5] cor rec ted  f o r  Venus. Such an o l d  average 
age i s  somewhat d i f f i c u l t  t o  reconc i l e  w i t h  the  s i m i l a r i t y  i n  s i z e  and 
mass o f  Venus and Earth and w i t h  Ea r th ' s  h igh  heat f l ow  and c r u s t a l  
resu r fac ing  rate.  

The average c r a t e r  age o f  Venus" nor thern  hemisphere may be l e s s  
than 250 m.y. i f  we assume equivalence between the  recent  t e r r e s t r i a l  
c r a t e r i n g  r a t e  and t h a t  on Venus f o r  c r a t e r s  220 km i n  diameter. For 
c r a t e r s  l a r g e r  than t h i s  t h resho ld  size, below which c r a t e r  p roduct ion  
i s  s i g n i f i c a n t l y  a f f e c t e d  by the  Venusian atmosphere, t he re  are  f a i r l y  
s t rong observat ional  grounds f o r  concluding t h a t  such an equivalence i n  
c r a t e r i n g  ra tes  on Venus and Earth may e x i s t .  One cou ld  argue t h a t  t he  
l una r  c ra ter -product ion  curves co r rec ted  f o r  Venus may be i napprop r ia te  
f o r  t he  Venusian surface. The recent  c r a t e r i n g  r a t e  on Earth, as 
est imated from astronomical observa t i  ons o f  as tero ids  and determined 
d i  r e c t l y  from t h e  t e r r e s t r i a l  c r a t e r i n g  record, i s  a fac to r  of about 2 
t o  3 greater  than the  equ iva len t  est imated average l una r  c r a t e r i n g  r a t e  
over t h e  l a s t  3.3 b.y. [6,7]. Grieve [7] speculated t h a t  t h i s  h igher  
c r a t e r i n g  r a t e  has been i n  e f f e c t  f o r  about t he  l a s t  1 b.y. Also, 
Shoemaker [8] noted t h a t  t h e  >lo-km-di ameter c r a t e r i  ng record i n  
Phanerozoic rocks o f  t he  c e n t r a l  Uni ted States i s  i n d i s t i n g u i s h a b l e  from 
t h a t  p red i c ted  from astronomical observat ions o f  present Ear th-crossi  ng 
astero ids.  Thus, it seems reasonable t o  base t h e  est imate of t he  
c r a t e r i n g  r a t e  on Venus f o r  t h e  l a s t  0.5 bey. on the  t e r r e s t r i a l  
c r a t e r i n g  record (e.g., t h e  North American and European cratons) ,  where 
t h e  record of l a r g e  (220-km-diameter), dated c r a t e r s  i s  thought t o  be 
most compl ete. 

As o f  October 1986, 48 as te ro ids  had been discovered t h a t  c u r r e n t l y  
pass p e r i  he1 i o n  i n s i d e  Ear th 's  o r b i t ;  24 o f  these as tero ids  a l so  pass 
p e r i h e l i o n  i n s i d e  t h e  o r b i t  o f  Venus. Even though only  h a l f  o f  these 
observed Earth-crossing as tero ids  over1 ap the  o r b i t  o f  Venus, t he  
average c o l l i s i o n  p r o b a b i l i t y  per u n i t  sur face area per  a s t e r o i d  i s  37% 
higher  on Venus than on Earth, the  average c o l l i s i o n  v e l o c i t y  
(neg lec t ing  atmospheric r e t a r d a t i o n )  i s  21% higher  on Venus, and t h e  
sur face g r a v i t y  i s  9.5% lower on Venus. Taking a l l  o f  these f a c t o r s  
i n t o  account bu t  neg lec t i ng  t h e  screening e f f e c t s  o f  t h e  Venusian 
atmosphere, t h e  ca l cu la ted  r a t i o  o f  the  r a t e  of c r a t e r  product ion by 
a s t e r o i d  impact on Venus t o  the  r a t e  on Earth i s  about 0.9 [9]. A f t e r  
c o r r e c t i o n  f o r  the  c o n t r i b u t i o n  from the  undiscovered c lass  o f  Venus- 
crossers on very small o r b i t s ,  t he  c r a t e r  product ion r a t e  by a s t e r o i d  
impact on Venus i s  est imated t o  be 1.0 t o  1.1 t imes t h e  r a t e  on Earth. 

In t he  absence o f  an atmosphere, t h e  product ion r a t e  of c r a t e r s  by 
comet impact would be about 15% h igher  than the  product ion r a t e  o f  comet 
impact c r a t e r s  on Earth [9]. However, t h e  atmosphere of Venus may 
e f f e c t i v e l y  s h i e l d  the  sur face from product ion  of cometary impact 
c r a t e r s  smal ler  than about 100 km i n  diameter. Indeed, i t  i s  poss ib le  
t h a t  none of t h e  c r a t e r s  so fa r  observed on Venus were produced by 



cometary impact. A major unresolved quest ion i n  app ly ing  e i t h e r  t he  
t e r r e s t r i a l  o r  l una r  c r a t e r i n g  record t o  Venus, therefore,  i s  t h e  
f r a c t i o n  o f  t e r r e s t r i a l  and l u n a r  c r a t e r s  produced by cometary impact. 
Recent work suggests t h a t  as many as h a l f  o f  the  observed t e r r e s t r i a l  
impact c r a t e r s  cou ld  have been produced by comet showers [ lo] ;  a smal ler  
f r a c t i o n ,  probably about 10% t o  20%, has been produced by the  background 
f l u x  o f  comets [11, 121. 

Given the  probable r o l e  of the  dense Venusian atmosphere i n  
reducing the  observed number of c r a t e r s  l ess  than about 20 km i n  
diameter [2,3,13], we considered on ly  c r a t e r s  whose diameters are  
220 km, 250 km, > I00  km, and a140 km i n  diameter. The product ion of 
c r a t e r s  >20 over t h e  past  1 bey.  on t h e  North American and Eu pean 
c r a  ons has been est imated by Grieve [7] t o  be 5.4 k2.7 X 10- I F9 ,,-2 

y r "  . This product ion r a t e  agrees we l l  w i t h  t h a t  based on astronomical 
observat ions o f  Ear th-crossing as te ro ids  [8] and thus was used i n  t h e  
c a l c u l a t i o n  o f  t he  Venus c r a t e r - r e t e n t i o n  ages l i s t e d  i n  t a b l e  1. 

For c r a t e r s  l a r g e r  than 50 km i n  diameter, t h e  progress ive ly  
younger Venusian ages r e f l e c t  t h e  f a c t  t h a t  the  cumulat ive s i z e -  
frequency d i s t r i b u t i o n  o f  Venusian c r a t e r s  i s  s i g n i f i c a n t l y  steeper than 
t h a t  o f  l una r  c ra ters ,  This steepness might be expla ined as the  
consequence o f  nea r l y  complete s h i e l d i n g  o f  the  observed surface from 
comet impacts. Observations o f  t he  magnitude-frequency d i s t r i b u t i o n  of 
discovered Earth-crossi  ng as te ro i  ds i nd ica te  t h a t  t h e i  r s i z e  
d i s t r i b u t i o n  i s  much steeper than t h e  average s i z e  d i s t r i b u t i o n  of t h e  
p r o j e c t i  1 es t h a t  produced t h e  postmare 1 unar c r a t e r s  [14]. Most impact 
c r a t e r s  on t h e  Moon and Earth l a r g e r  than 50 km i n  diameter probably 
have been produced by comet impact. However, t h e  s i z e  d i s t r i b u t i o n  of 
Ear th-crossing as tero ids ,  by i t s e l f ,  probably i s  t o o  steep t o  account 
f o r  t he  d i s t r i b u t i o n  o f  Venusian c ra te rs .  Two p o s s i b i l i t i e s  seem 
l i k e l y :  (1 )  some o f  t h e  Venusian c r a t e r s  g reater  than 50 km i n  diameter 
have been produced by comets, o r  (2) s h i e l d i n g  by the  atmosphere has 
very s u b s t a n t i a l l y  reduced t h e  product ion by as tero ids  o f  c r a t e r s  i n  t he  
diameter range o f  20-50 km. I n  e i t h e r  case, the  age based on c r a t e r s  
a50 km i n  diameter may be c loses t  t o  t h e  t r u e  age (Table 1). 

Given the  present u n c e r t a i n t i e s  i n  t he  r o l e  o f  both a c t i v e  and 
i n a c t i v e  comet nuc le i  i n  the  c r a t e r i n g  h i s t o r y  o f  Earth, we conclude 
t h a t  t h e  average age o f  the  observed sur face i n  t he  nor thern hemisphere 
o f  Venus cou ld  be as great  as the  450-m.y. mean age o f  the  Ear th 's  c r u s t  
(oceanic and con t i nen ta l  [15]). The sur face o f  Venus might be even 
o lder ,  bu t  no evidence from t h e  c r a t e r  observat ions supports an age as 
great as 1 b e y :  i f  t h e  age o f  t he  observed Venusian sur face were 
1 bay., i t probably should bear t h e  impact scars o f  a ha l f  dozen o r  more 
l a r g e  comet nuc le i  t h a t  penetrated t h e  atmosphere and formed c r a t e r s  
we l l  over 100 km i n  diameter. 

I n  f u t u r e  s tud ies  we hope t o  p rov ide  more q u a n t i t a t i v e  c o n s t r a i n t s  
on t h e  present c ra ter -product ion  ra tes  and on t h e  c r a t e r i n g  h i s t o r y  of 
Venus. Venera 15/16 mapped on ly  about 25% o f  Venus, t h e  remaining 75% 
may t e l l  us a completely d i f f e r e n t  s to ry .  
Acknowledgments: Funding f o r  t h i s  research was fu rn ished t o  t h e  U.S. 
Geological Survey by the  Nat ional  Aeronautics and Space Admin is t ra t ion  
(Planetary Geol ogy/Geophysics Program) under con t rac t  W-15,814 and t h e  
NASA Magellan Radar I n v e s t i g a t i o n  Group under con t rac t  W0-8777. 
References: [I] Schaber, G.G., Shoemaker, E.M., and Kozak, R.C., 
Astronomichesky Vestnik and Solar  System Res.- i n  press, [2] Ivanov, 



B.A., e t  a l e ,  1986, Proc. Lunar and Planet. Sci. Conf., J. Geophys. 
Res., 91, D413-430. [3] Basi levsky, A.T., e t  a1 ., Proc. 16th Lunar and 
m e t .  Sci. Conf., J. Geophys. Res. i n  press. [4] Basa l t i c  Volcanism 
on t h e  T e r r e s t i a l  Planets (BVIP), 1981, Pergamon, 1050-1127. [5] 
Hartmann, W.K., Izv. Acad. Nauk SSSR Ser. Geologicheskaya ( i n  Russian), 
i n  press. [6] Wether i l l ,  G.W., and Shoemaker, t.M., 1982, i n  Geological 
imp l i ca t i ons  o f  impacts o f  l a rge  as tero ids  and comets on th-arth (L.T. 
S i l v e r  and P.H. Schultz, Eds.) Geol. Soc. Am. Spec. Pap, 190, 1-13. [7] 
Grieve, R.A.F., 1984, Proc. 14th Lunar Planet. Sci. Conf., J. Geophys. 
Res, 89, 8403-B408. [8] Shoemaker, E.M., 1983, Ann. Rev. Earth Sci., - 
11, 4m-494. [9] Shoemaker, E.M. and Wolfe, R.F.- t h i s  volume. L l O ]  

moemaker, E.M., and Wolfe, R.F., i n  The galaxy and t h e  Solar System (M. 
Matthews e t  a l e ,  Eds.), Univ. ~ r i z o n a  Press, Tucson, i n  press. [ll] 
Shoemaker, E.M., and Wolfe, R.F., 1982, i n  The s a t e l l i t e s  o f  J u p i t e r  (D. 
Morrison, Ed. ) , Uni v. A r i  zona Press, TucGn, A r i  zona, 277-339. [12] 
Weissman, P.R,, 1982, Geol. Soc. Am. Spec. Pap. 190, 15-24. [13] 
Melosh, H.J., 1981, i n  M u l t i - r i n g  basins (P.H. k h u l t z  and R.B, M e r r i l l ,  
Eds.), Proc. Lunar PEnet .  Sci., 12A, 29-35. [ I 4 1  Shoemaker, E.M., and 
Shoemaker, C.S., - t h i s  volume. Cogley, J.G., 1984, h e r .  Geophys. 
Union, 22, 101-122. -- 

TABLE 1. CRATER-RETENTION AGES ON VENUS DERIVED FROM USE OF CRATERING RATES ON ME TERRESTRIAL CRATONS 

CRATER DIAMETER 11 
>D 

21 
NUMBER OF CRATERS- 

(RATE) IAREA) 
AGE V A R I A N C ~  STANDARD 

b e y .  1 DEVIATION 

11 >20-km-diameter crater-product ion ra te  (5.4 t2.7 X 10-I= km9 y r ' l )  a f t e r  [7]. 

>50, >loo, and ,140-km-diameter crater-product ion ra tes  derived from >20-km production r a t e  

as = ( x - " ~ ~ )  (5.4 X 10-15 km-2 y r - l ) ,  assuming c r a t e r  index o f  1.84 [8]. 

-2! Number o f  c ra te rs  on Venus above a given diameter (0) taken from [1,2] amd B.A. Ivanov (personal 

comnunicati on, August 1986, Moscow) 

11 Estimated variance o f  the age i s  ca lcu la ted  as the 1 o f  the varlance o f  the  c r a t e r i n g  r a t e  and t h e  

variance o f  the  c ra te r  count (number of craters) .  




