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SOLAR WIND SPUTTERING EFFECTS IN 114E MARTIAN ATMOSPHERE

C. C. WATSON and P. K. HAFF

A. W. Wright Nuclear Structure I.aboratoryf
Yale University, New Haven, Connecticut 06520

and

W. K. Kellogg Radiation Laboratory
California Institute of Technology, Pasadena, California 91125

ABSTRACT

A Monte Carlo simulation of the sputtering of the upper

atmosphere of Mars by the solar wind has been performed. The

calculated sputtering yields imply loss rates (molecule s rm2-sec

escaping the planet) for carbon dioxide, carbon, and oxygen of

k02 = 2.6 X 10c /cm` -sec, RC _ 6.6 x 1.05/cm` - sec, and RO

7.7 x 105/cm2-sec. The total mass loss by sputtering is only

— 10% of that due to chemical and photo-chemical processes, but

sputtering provides a major exospheric sink for carbon. Because

of diffusive separation of lighter elements and isotopes and be-

cause the gravitational binding energy is proportional to the

mass, the erosion process described here preferentially removes

the lighter components of the atmosphere. Solar wind sputLering

thus competes favorably with other erosion mechanisms in generat-

ing substantial fractionation effects. Calculations based on a

Monte Carlo simulation suggest that for a model atmosphere, 97%

of the N2 and 33% of the CO2 originally present may have been

sputtered away over 4.5 x 109 y. In the same length of time

the IU5NI114N isotopic ratio for the bulk atmosphere would have

inc-1	 :d by a factor of 1.7.

Supported in part by the Department of Energy [EY76-C-02-3074
ational Aeronautics and Space Administ

do [NCR 05-002-3331, nd the National Science Foundation
[PHY -	 E

t Permanent address.

ONE OF THE LIME AID PREPb7NT SERIES
IN NUCLEAR GEOPHYSICS AND C(;^MOCHEMISTRY

January 1979

AM J

r"
R^^;EIVED ^ ^" ,
NSA alt WILM

L_



z

L
G
C

J

•Y

3
U

^I
V

b

c

nN
.y

^D

co
fL

..1
V w ObIn w V .A w N G ro ro ♦y

y
F

rr
m

L
N

.
J9 G C

v q C O N y > ^:	 ^n
II	 O

w
W N

NH
'n

G Ni `.+	 F
ro 6 ` 00 V O H 7 %, 4wi

L

(r	 •••r T. vl •.+ rtl L > G
4 w G

B
• •w• 1 O

00
Cam!
u

G•
0

PS.
0

.r
m •p L V	 b

44

p
V

A L U
O

v 8 U w

0.
I

i u -"
N 6

d u
W	

2.1'.
1•

s
Ip u L G Y y y Y (V	 N p L IU e U 0 W Q bcY ro,..7	 V O Y y 0,

A
u 10

u	 >,
V
L

.Y
C

un d Y
0. C w

M
OO

y	 V
w G ty A u \ A V •.i G H O

ro
U m d

N
ro

C v n
,.fY C ..	 Vi 7 N In y w •.+ w 0 •.^

M
•^7 n r0 0. ro y w	 C7	 W O tl 1+ f+ N L• ,y

roM U
u G do N L N ,y	 rr	 N ., V bl T 01 CI O • C .•• u r•^ r~

7 .+ f-, y 'p o.., o
K	 X	 .-1

o
S

•
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F

3	 j	 :a ^	 cwt	 v	 ^	 ^ $ ^

^^ =j 	o	 ^	 O	 ^ a	 p •C	 y	 o
4 >	 u e	 w	 o
v	 e ^ •^	 ^	 ^' ^"	 fi	 o

U	 y	 Y	 ^	 U	 A
^y ^ a
	

o $ ^ ^ 'S, 'c nu 9

U ^ i V n ^ ^ ^ ^ ct 4

V a
	 CJ 	 °	 U	 C	 CJ	 ^	 N

w	
i7	 ?	 C	 r F,y 	^	 tt

c	 u
^	 ^,	 ^	 y	 o	 ^	 ^,	 o	 b	 .5
L N4	 N	 y	 p '^

v .uw. ^ E ^	 y 9 °	 c ^ c
7	 O	 ^	 a^	 yy

	 yy	 ^	 '^'	 .,

v	 ^	 N ^ •fl	 7	 O	 i	 ^	 4 Ol
° ^ ^	 y ^	 ^	 ,°, n Jt	 y	 aYi
E	 n	 F .°	 'a, v	 3	 .^	 .S	 o	 a

w

J z = V
u 3 « C

n
3

X G

o
N

a
•_F

A
u
N

'

p

M

•O

G
u

0
E

u

C
U

c%
^

r

^

u
m

C^._

M

^i

n y

c

U O

O
^

N
y

^
Y

'^
A

0.

O~'j
U

o a

r
r,

a
y
,

a3
CcV

U 0 .,
cm
a

w

y

5
3



41	 U	 C	 ^

.^	 C	 G a U

_.	 BO 	 •T	 ^	 n	 v	 N	 o	 c	 ^'c
G	 r-0 ^	 !	 X ro	 ^ v T	 ^' 7 ^	 ^ O E

	

o ^	 ^	 E	 E	 4:6	 eX	

^	 ^ ^	 E ,nom	 e	 E	 n	 v ^ '̂ 	 c	 c	 c .r_-'

^ u g ^ 8 ^ c ^ ^	 ^ ^ C E	 ^i ^ c
	

.

_—	 ^	 3	 G	 fC^	 C^	 (qr,	 .^
n	

E	 "7^ F	
wA	 ^	 O	 «	 ..6Yy.	 "	 ^	 .g	 ^	 p	 ^	 ^	 R	 n	

a
Lt

fÛ 	
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