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Ref lec tance  p roper t i e s  of  Mars  are measures  in  a 100-J~ b a n d  cen te red  a t  
3050 A b y  t he  u l t r av io l e t  spec t romete r .  The  i n s t r u m e n t  has  a n  angu la r  reso lu t ion  
which  is e q u i v a l e n t  to  an  a rea  of  10 × 3 0 k m  on the  surface of Mars.  The  t r a n s i t i o n  
f rom d u s t y  condi t ions ,  wh ich  p reva i l ed  a t  t he  t i m e  of  a r r iva l  of Mar ine r  9 on  
14 N o v e m b e r  1971, b e g a n  on  1 J a n u a r y  1972, a n d  re la t ive ly  clear cond i t ions  
ex is ted  a f te r  23 J a n u a r y  1972. As t he  a t m o s p h e r e  b e c a m e  dea r e r ,  t he  s ca t t e r ing  
p roper t i e s  b e g a n  to  show a m o r n i n g  e n h a n c e m e n t  in  b o t h  t e r m i n a t o r  a n d  i l lumi- 
n a t e d  disk ref lectance.  A topograph ic  m a p  of Mars  based  on the  s ca t t e r ing  of 
u l t r av io l e t  l igh t  f rom t he  Mars  a t m o s p h e r e  is shown.  This  m a p  is ba sed  u p o n  
3050--~ d a t a  o b t a i n e d  a f t e r  t he  Mars  a t m o s p h e r e  h a d  cleared in t he  u l t r av io le t .  
U l t r a v i o l e t  l igh t  which  is Ray l e igh - sca t t e r ed  b y  t he  Mars  molecu la r  a tmosphe re ,  
w i t h  a l lowance  for u n i f o r m  t u r b i d i t y ,  is p ropo r t i ona l  to  surface pressure  inde- 
p e n d e n t  of  a t m os phe r i c  t e m p e r a t u r e  s t ruc tu re .  Compar i son  w i th  Mar ine r  9 radio  
occu l t a t ion  m e a s u r e m e n t s  de t e rmines  t he  f r ac t ion  of t o t a l  ref lectance t h a t  is due  
to a t m o s p h e r i c  sca t te r ing .  

I~TTRODUCTIO:N 

Analysis of the reflectance of Mars in 
a 100-/~ wavelength band centered at 
3050A from ultraviolet spectrometers on 
the Mariner 6 and 7 spacecraft (Barth and 
Hord, 1971; Hord, 1972) shows this 
wavelength to be useful in describing the 
ultraviolet scattering properties of Mars. 
Variations in the intensity at 3050 • were 
found to correlate with variations in local 
surface pressure, and ultraviolet surface 
alhedo changes were negligible to first 
order. Using this property and making use 
of 1969 Mariner infrared spectrometer 
pressure measurements (Herr et al., 1970) 
to normalize constants describing the 
ultraviolet atmospheric and surface scat- 
tering properties, pressures were measured 
at 337 points on the surface of Mars. 
Reflectance measurements of Mars at 
3050 A have been obtained by the Mariner 
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9 ultraviolet spectrometer during the time 
period 14 November 1971-1 March 1972. 

When Mariner 9 arrived at Mars in 
November, the occurrence of a planet- 
wide dust storm prevented ultraviolet 
pressure measurements at the beginning 
of the mission. The net effect of the dust 
storm was to divide the 3050-• reflectance 
measurements into two extremely opposite 
types of data. During the dust storm which 
lasted until about 1 January 1972, as 
observed in the ultraviolet, the 3050-A 
reflectance of Mars was dominated by an 
optically thick and highly absorbing dust 
layer. From 23 January  1972 the Mars 
atmosphere was clear and the 3050-A 
wavelength was optically thin, permitting 
ultraviolet pressures to be measured. 
In between these extremes, the atmosphere 
of Mars gradually became transparent. 
Measurements made in Hellas as late as 
14 January  1972 indicated a sizable 
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amount of ultraviolet obscuration com- 
pared with clearer observations made later 
in the mission on 22 February 1972 and 
with similar observations made by Mariner 
7 on 4 August 1969. Hellas may be obscured 
even when the remainder of the planet is 
clear (Sagan, Veverka, and Gierasch, 1971; 
Parkinson and Hunten, 1972). 

The characteristics of the Mariner 9 
ultraviolet spectrometer are discussed by 
Barth et al. (1972b). A field of view 0°.17 
by 00.48 gave a nominal 1O x 30km field 
of view at a slant distance of 3400kin. 
During the 14 November 1971-1 March 
1972 primary data-taking period, about 
250 000 spectra of the illuminated disk 
of Mars were obtained. Of this number, 
80% were obtained on the even-numbered 
orbits when Mars was in view of the 210-ft 
radio antenna at Goldstone, California. 
On one of these typical Goldstone zenith 
orbits, approximately 100rain of spectro- 
meter data with Mars in view were trans- 
mitted to earth in real time. Since one 
complete spectrum was obtained every 
3sec, about 2000 individual reflectance 
measurements of Mars at 3050_& were 
returned in real time each day. Results 
presented here are based upon a rapid 
preliminary analysis of the Mariner 9 
ultraviolet spectrometer data carried out 
at the University of Colorado in near real 
time using preliminary orbital and instru- 
ment pointing information. This prelimi- 
nary look at the entirety of the 3050-A 
reflectance data, obtained from November 
to March, provides a characterization of 
Mars in the ultraviolet. 

DUST OBSERVATIONS 

The equation 

R - P ( T ) ~ °  r [1 - exp (- ,m)]  

+ R 0 (/q%)k exp (-zm) (1) 

represents a general model for the reflec- 
tance of Mars, having validity whenever 
multiple-scattering effects are small and 
when the Minnaert function Ro(gl~o)k/tz 
adequately represents the ground scatter- 

ing. Reflectance R is the measured inten- 
sity divided by the solar flux at Mars and 
multiplied by 7r. In Eq. (1), p(W) is the 
scattering phase function normalized to 
have an average value of unity, 

4-~ P(~')  d ~  = 1. (2) 

The effective single-scattering albedo or 
probability of reemission of a photon 
absorbed in the Mars atmosphere is 6o. 
Vertical optical thickness in the Mars 
atmosphere, assumed to be homogeneous, 
is represented by r. In addition to the 
scattering angle T two additional angles 
are needed to give a unique scattering 
geometry. These angles are the solar 
incidence and viewing emission angles 
measured with respect to the surface 
normal, assumed to be a Mars radius 
vector in this discussion. The incidence 
and emission angles are represented here 
by their cosines, t~ o and t~. Air mass, the 
equivalent number of vertical optical 
paths traversed by a photon incident 
from the sun and scattered by the surface 
into the instrument field of view, is given by 
m = l./p. + 1/~o. 

Dust storm measurements at 3050A 
may be described by Eq. (1), where the 
reflectance approaches 

R = p ( T ) ~ o  go (3) 
4 /z+/x 0 

as r becomes larger than unity. This result 
can also be obtained by representing the 
solution in terms of X and Y functions 
(Chandrasekhar, 1960) and considering 
the case of small single scattering proba- 
bility, ~0. As ~ becomes larger than unity, 
the X and Y function solution rapidly 
approaches the H-function solution, appli- 
cable for a semiinfinite atmosphere. Equa- 
tion (3) represents the limiting case of an 
H function solution as ~0 becomes less than 
unity, or equivalently, when the effect of 
multiple scattering becomes negligible. The 
small reflectances observed by the Mariner 
9 ultraviolet spectrometer as well as the 
small geometric albedos recorded by Earth- 
based ultraviolet measurements (e.g. Irvine 
et al., 1968) imply that  secondary and all 
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FIo.  1. Ref lec tance  a t  3050 A as a func t ion  of  t ime  for p a r t  of  d a t a  ob ta ined  on 20 December  1971. 
Geomet ry  pa rame te r s  ~0 and  ~, the  cosines of  t he  incidence a n d  emission angles, are shown in t he  
b o t t o m  ha l f  o f  the  figure. A small  value of  ~ indicates  an  observa t ion  m a d e  near  the  p lane t  l imb while 
a value of  1 indicates  ver t ical  v iewing of  Mars. Observa t ions  hav ing  small  values  of  ]~0 are t aken  nea r  
the  t e rmina to r .  The value of  ~o approaches  1 as d a t a  are ob ta ined  closer to t he  subsolar  poin t .  A 
nomina l  dus t  model  is p lo t t ed  as a solid line in the  top  ha l f  of  the  figure. No te  t h a t  the  model  over- 
es t imates  the  ref lectance up to  t ime  = 20min a n d  unde res t ima te s  it a f ter  t ha t .  This is a resul t  of  a 
change  in sca t te r ing  angle ~/J f rom 112 ° to  137 °. 

higher orders of scattering contribute very 
little to the total intensity or reflectance. 
Effects of particle shadowing (Irvine, 1966) 
are not considered in this analysis. Under 
these conditions, the single particle scat- 
tering efficiency, p(W)~0, of the dust 
particles is being measured with little or 
no sensitivity to optical thickness, r. A 
value of p(T)~o o = 0.2 models the bulk 

of reflectance measurements made during 
the 13 November 1971-1 January  1972 
time period. A small dependence on 
scattering angle, T, is noted in the data 
but is not reported on here. Mariner 9 
made observations for values of T ranging 
from 96 ° to 165 ° . 

Figures 1-4 show examples of dust storm 
measurements obtained during the 13 
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FIa .  2. Ref lec tance  a t  3050~,  /~o, ~, and  the  nomina l  dus t  model  for p a r t  of  d a t a  t a k e n  on 22 
December  1971. The sca t te r ing  angle changes  f rom 133 ° to  147 ° a t  t ime  = 17min.  A b r u p t  changes  in  
/z and  ~o occur when  the  po in t ing  di rect ion of the  i n s t r u m e n t  p la t fo rm is changed.  
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:Fio. 3. 1%eflectance at 3050A, /~o, /~, and the nominal dust model for part of data obtained on 
23 December 1971. A complicated pointing sequence begins with the instrument field of view crossing 
the bright limb of Mars near the subsolar point. This sequence ends with the field of view leaving the 
planet at time = 26rain. 

November 1971-1 January  1972 time 
period. These figures were taken from an 
early University of Colorado data report 
(Barth et al., 1972a). Each 3050-A datum 
point represents the average of data 
obtained from three successive spectra. 
Using this data contraction gives a more 
nearly square sampling area on the surface 
of Mars and does not degrade the data 
except near the planet limb or terminator. 
In Figs. 1-4, the agreement between a 
nominal model, 0.05/~0/(t~ 4- t%), represen- 
ted by a solid line, and the 3050-~ reflec- 
tance is shown. The effect of the third 

geometry parameter T is shown here 
qualitatively. Increasing the scattering 
angle W increases the observed reflectance 
while still following the/~0/(t~ +/~0) depen- 
dence on incidence and emission angles. 
Limitations in the comparison of this model 
with the observed reflectance occur near 
the limb (small values of/~) or terminator 
(small values of t%) where the plane- 
parallel representation of a curved atmos- 
phere fails. Variations with latitude and 
longitude did not appear in the data due 
to the global nature of the dust storm. 
Increased brightness near the morning 
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:FIG. 4. Reflectance at 3050 A,/~o,/4 and nominal dust model as a function of time for part  of data 
taken on 26 December 1971. 
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FIG. 5. Results of regression to find out }low well measured reflectance is predicted by the dust 
model functional dependence,/~o/(/~ +/~o). 

terminator and at extreme southerly 
latitudes was observed. The increase in 
brightness near the morning terminator 
may represent a condensate formed during 
the previous night. The south polar cap 
was clearly seen in the ultraviolet during 
the dust storm (Barth et al., 1972b; Lane, 
1972), indicating the atmosphere was 
clearer at southerly latitudes. Pang (1971) 
has estimated the optical thickness of the 
dust in the polar cap region to be of order 
unity based upon the variation of polar 
cap brightness with absorption airmass. 

Figure 5 shows the correlation of the 
3050-A reflectance data with the function 
/~0/(F + F0), from Eq. (3), for the even- 
numbered Mariner 9 orbits 6-150. For 
each orbit in this sequence, a correlation 
was performed for a single scattering angle 
T. The number of points, each formed from 
an average of three spectra, varied from 
70 to 200. Measurements having large 
emission or incidence angles, F or F0 < 0.3, 
were rejected from these regressions. The 
demise of the dust storm is evident in 
Fig. 5 where a transition from a correlation 
coefficient near unity begins after orbit 80, 
25 December 1971, to smaller values as 
clear conditions are approached and local 
topography begins to control the ultra- 
violet intensity. 

SURFACE PRESSURE 

After the dust storm subsided, a large 
amount of 3050-A data were obtained 

providing ultraviolet information about 
Mars under the characteristically clear 
conditions seen by Mariner 6 and 7 in 1969. 
The small surface albedo of Mars in the 
ultraviolet causes the atmospheric scatter- 
ing signal to make up a substantial part of 
the observed intensity. Under these con- 
ditions Rayleigh scattering from the mole- 
cular CO z atmosphere dominates the 
fluctuations in the 3050-A reflectance, 
providing a measure of surface pressure. 
Since the Mars atmosphere is optically 
thin, the measured intensity is proportional 
to the vertical optical thickness ~ which is, 
in turn, proportional to the vertical column 
density of molecules above the planet 
surface. The surface pressure is that  
required to support this column of mole- 
cules in the Mars gravitational field, 
independent of atmospheric temperature 
structure. 

Residual dust is assumed to be fine and 
have a long settling time in the Mars 
atmosphere, and therefore tends to be 
uniformly mixed with the molecular atmos- 
phere. The presence of a homogeneously 
mixed dust would not affect the pressure 
measuring concept but would cause the 
atmospheric scattered intensity to differ 
from that  expected from a pure molecular 
atmosphere. In order to establish a pressure 
model under these conditions, comparisons 
are made with pressures measured by the 
Mariner 9 radio occultation experiment 
(Kliore et al., 1972). 

For the preliminary presentation of 
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:FIG. 6. Loca t i on  in  l a t i t ude  a n d  long i tude  of  3050-A ref lec tance  m e a s u r e m e n t s  used  to c o n s t r u c t  
p r e s s u r e - - a l t i t u d e  m a p  of  Mars.  

Mariner  9 ul t raviole t  pressure mapping  
given here, a simplified form of  Eq.  (1) is 
used. The effect of  a tmospheric  absorpt ion 
is neglected and the phase funct ion is 
assumed to  be of  the  form 

p ( ~ )  : a(1 + fi cos 2 ~) ,  (4) 

where fl is a pa ramete r  to  be de termined  
and a is fixed by  the normalizat ion,  
Eq.  (2). Using this form for p ( T )  allows 
for polar izat ion effects in the ins t rument .  
A more complicated phase funct ion with 
more parameters  was not  felt  to be justified 
in this pre l iminary analysis. I f  these 
assumptions are made,  Eq.  (1) m a y  be 
wri t ten  in a form suitable for comparison 
with the Mariner 9 radio occul ta t ion 
measurements ,  

(1 ÷ f l c o s 2 T ) P - - A ~ R -  B (~o )  ~. (5) 

Pressure P is propor t ional  to optical thick- 
ness r in Eq.  (1). Fou r  parameters ,  fl, A, 
B, and k, are to be de termined th rough  
comparison of  the  occul ta t ion pressure P 
with the ul t raviole t  reflectance R obta ined 
while viewing the occul tat ion measure- 
ment  locations on Mars. Ul t raviole t  reflec- 
tance  measurements  are made at  a known 
geomet ry  described by  W, t~, and t~o- 
Paramete r s  A and B t rans la te  into values 
for single scat ter ing albedo, ~0, and the 
Minnaert  constant  R 0. Two of  the para- 
meters  to  be de termined  are associated 
with a tmospher ic  properties,  ~o and fi, 
and two with the surface, R o and k. 

The ul t raviole t  da ta  used in this analysis 
were obta ined  in the t ime period from 
23 J a n u a r y  1972 to 1 March 1972. During 

this time, 39 orbits of  spec t rometer  da t a  
were obta ined while the  Mars a tmosphere  
was clear. About  800 of  the spectra  
obta ined each day  were in the  Mars 
af ternoon extending from - 5 0  ° South  to  
15 ° or 30 ° Nor th  with the viewing t rack  
running toward  the nor theas t .  These 
af ternoon measurements  encircle Mars 
with swaths of  measurements  9 ° apar t  in 
longitude. Figure 6 shows a graph of  after-  
noon da ta  swaths on a Mercator  projection.  
The location of  eve ry  th i rd  spectral  
measurement  is plot ted.  Reflectance meas- 
urements  used in this analysis are res t r ic ted 
to those obta ined when /~ and /~0 > 0.3. 
Locat ions  of ul t raviole t  measurements  ob- 
ta ined during orbits 150-216 were searched 
to find da ta  within 3 ° of  an occul ta t ion 
measurement .  The closest measurement  
from each ul t raviole t  viewing swath was 
selected for comparison. Ea r ly  results 
made  available b y  the Mariner 9 radio 
occul tat ion exper imenters  (Kliore et al., 
1972) for this comparison are listed in 
Table  I. In  principle, only four comparison 
points are necessary to  specify parameters  
fi, &0, R0, and ]c. Because of measurement  
uncertaint ies  coupled with known differ- 
ences in the la t i tude and longitudes being 
compared,  a least-squares ad jus tmen t  of  
the four parameters  was made using all 56 
comparison points.  No allowance was made  
for differences in the areas of Mars sampled 
by  the two methods,  and none of the 
comparison points were rejected.  Results  
of the least-squares ad jus tmen t  indicated 
tha t  a sizable range of  matched  sets of  
parameters  fl, ~0, R0, and /c did not  a l ter  
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P(UV) P(OCC) 
U V  OCC 

Diff. Orbi t  Orbi t  La t .  Lon.  Loc a t i on  

3.6 4.3 --0.7 150 2 - 3 9 . 9  142.8 
4.0 4.4 --0.4 150 6 - 3 8 . 2  140.4 
3,8 4.4 --0.6 152 6 - 3 8 . 2  140.4 
3,9 4.1 - 0 . 2  152 2 --39.9 142.8 
4,4 4.1 0.3 154 2 --39.9 142.8 
4.9 3.5 1.4 156 8 --37,6 130.6 
4.6 4.1 0.5 156 10 --36,3 120.8 
2.4 2.9 --0.5 156 49 --13.3 107.8 
4.4 3.6 0.8 158 12 --35.4 110.9 
2.8 2.8 0.0 160 14 --34.5 100.8 
5.0 3.6 1.4 160 12 --35.4 110.9 
3.7 2.8 0.9 160 14 --34.5 100.8 
3.4 3.4 0.0 160 53 --10.1 88.1 
3.6 3.4 0.2 162 16 --33.5 90.7 
3.2 3.5 --0.3 164 18 --32.5 80.5 
3.1 3.4 --0.3 164 16 --33.5 90.7 
2.6 2.8 --0.2 164 14 --34.5 100.8 
3.6 3.5 0.1 164 18 --32.5 80.5 
6.4 4.4 2.0 166 6 --38.2 140.4 
3.3 3.8 --0.5 166 20 --31.4 70.3 
4.1 4.2 --0.1 166 59 --4.7 58.4 
3.8 4.2 --0.4 168 22 --30.3 60.1 
3.6 4.2 --0.6 168 22 --30.3 60.1 
5.0 4.7 0.3 170 24 --29.2 49.9 
5.0 4.7 0.3 170 24 --29.2 49.9 
4.4 4.9 --0.5 174 28 - 2 7 . 0  29.7 
5.5 4.9 0.6 174 28 --27.0 29.7 
5.4 4.9 0.5 174 28 - 2 7 . 0  29.7 
5.2 5.5 --0.3 176 30 --25.8 19.7 
5.2 5.5 --0.3 178 30 --25.8 19.7 
5.2 5.5 --0.3 178 30 --25.8 19.7 
5.1 5.5 --0.4 178 30 --25.8 19.7 
5.9 5.5 0.4 182 30 --25.8 19.7 
5.3 5.5 --0.2 182 30 --25.8 19.7 
5.3 5.5 --0.2 182 30 --25.8 19.7 
5.2 5.5 --0.3 182 30 --25.8 19.7 
4.7 4.9 --0.2 184 32 --24.6 9.9 
4.0 4.6 --0.6 186 36 --22.1 350.4 
4.2 4.4 --0.2 190 3 --39.5 326.5 
3.5 4.4 --0.9 192 3 --39.5 326.5 
4.6 5.0 --0.4 194 7 --37.7 315.5 
9.6 8.7 0.9 200 13 --35.0 285.8 
6.8 8.7 --1.9 200 13 --35.0 285.8 
7.8 6.8 1.0 202 15 --34.0 275.8 
7.5 6.8 0.7 202 15 --34.0 275.8 
7.0 6.8 0.2 202 15 --34.0 275.8 
7.0 6.8 0.2 202 15 --34.0 275.8 
5.4 5.0 0.4 204 58 --5.7 243.3 
4.9 4.7 0.2 208 21 --30.9 245.2 
5.0 4.6 0.4 208 19 31.9 255.4 

M. S i r e n u m  
M. S i r e n u m  
M. S i r e n u m  
M. S i r e n u m  
M. S i r e n u m  
S i r e n u m  S. 
I ca r i a  
Phoen ic i s  L. 
D a e da l i a  
Clar i tas  
Daeda l i a  
Clar i tas  
T i t h o n i u s  L. 
Solis L.  
Solis L.  
Solis L.  
Clar i tas  
Solis L.  
M. S i r e n u m  
T h a u m a s i a  
J u v e n t a e  F o n s  
N e c t a r  
N e c t a r  
M. E r y t h r a e u m  
M. E r y t h r a e u m  
P y r r h a e  R .  
P y r r h a e  R .  
P y r r h a c  R.  
P y r r h a e  R.  
P y r r h a e  R .  
P y r r h a e  R .  
P y r r h a e  R.  
P y r r h a c  1~. 
P y r r h a e  R.  
P y r r h a e  R .  
P y r r h a e  1%. 
P y r r h a e  R.  
P a n d o r a e  Fr .  
H e l l e s p o n t u s  
H e l l c s p o n t u s  
Y a o n i s  Fr .  
Hel las  
He l las  
M. H a d r i a c u m  
M. H a d r i a c u m  
M. H a d r i a c u m  
M. H a d r i a c u m  
Tr i ton i s  S. 
M. T y r r h e n u m  
A u s o n i a  
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TABLE I - - c o n t i n u e d  

UV OCC 
P(UV) P(OCC) Diff. Orbit Orbit Lat. Lon. Location 

5.5 6.3 -0.8 208 62 
5.2 6.4 -1.2 210 64 
5.1 4.3 0.8 212 25 
5.4 7.1 -1.7 214 68 
6.3 4.3 2.0 216 25 
5.2 4.3 0.9 216 29 

-1.8 223.4 Aeolis 
0.3 213.8 Aeolis 

-28.7 224.9 I-Iesperia 
5.1 195.1 Mesogaea 

-28.7 224.9 Hesperia 
-26.4 204.7 M. Cimmerium 

the pressure residuals, or differences be- 
tween  u l t rav io le t  and  occul ta t ion pres- 
sures, b y  a significant amoun t .  Because of 
locat ion uncer ta in t ies  which will be re- 
solved as final orbi ta l  point ing in format ion  
becomes available,  an  in te rmedia te  m e t hod  
was used to scale the  u l t ravio le t  pressures.  
This me thod  was to allow ~0, R0, and  k to 
be selected b y  compar ison with  occul ta t ion 
measu remen t s  and  to select a value of fl 
which p rov ided  self-consistent  values  for 
separa te  u l t ravio le t  measu remen t s  made  
a t  the  same locat ion on Mars. F igure  7 
indicates  the  values  of  the  cosines of  the  
incidence and  emission angles, /x and  /~0, 
for the  compar ison points.  Figure  8 
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FIG. 7. Distribution of ultraviolet/radio 
occultation comparison points according to the 
cosines of incidence and emission angles, [z o 
and Iz. 

shows a plot  of  tLR agains t  /~/~0 on a 
logar i thmic  scale. The effect of  a tmo-  
spheric scat ter ing on the  measured  reflec- 
tance  is evident  as points  hav ing  occulta-  
t ion pressures higher t h a n  6 . 5mba r  are 
seen to lie above  the  centroid of  the  da ta  
while those for pressures less t h a n  3 .5mbar  
lie below. Figure  9 shows a plot  of  /x 
mul t ip l ied b y  the  reflectance a t t r i bu ted  
to the  p lane t  surface, R - p ( ~ ) ~ 0 r / ( 4 t x ) ,  
against  ~tXo . The dispersion in the  da t a  
of  Fig. 8 is largely accounted  for b y  a 
correct ion for a tmospher ic  sca t te r ing  used 
in Fig. 9. I m p r o v e m e n t  b rough t  a b o u t  b y  
final orbi ta l  point ing in format ion  is expec- 
ted  to reduce the  remain ing  dispersion 
shown in Fig. 9. Table  I lists the  u l t ravio le t  
and  radio occul ta t ion pressures and  differ- 
ences a t  the  56 compar ison points.  

Some results  are ob ta ined  which are 
re la t ive ly  insensit ive to the  par t icu la r  
values  of  the p a r a m e t e r s  fl, ~0, R0, and  k. 
The u l t rav io le t  and  radio occul ta t ion  
pressures have  a root  mean  square  differ- 
ence of 16% over  the  2.6-8.1 m b a r  pressure 
range  of the  radio occul ta t ion compar ison 
points.  I n  Eq.  (5) the t e rm  a t t r i bu tab le  to 
sca t te r ing  f rom the surface of  Mars, 
B(/~/~0) k, is 50 -60% of the  to ta l  reflectance 
te rm,  A t x R ,  averaged  over  the compar ison  
points.  This resul t  is consis tent  wi th  
some earlier es t imates  (e.g. Caldwell, 1970). 

A p re l imina ry  u l t rav io le t  pressure alti- 
t ude  contour  m a p  of Mars is shown in 
Fig. 10. The al t i tudes  have  been compu ted  
f rom pressures assuming an a tmosphere  
having  a scale height  of  10kin, correspond- 
ing to an effective t e m p e r a t u r e  of  190K. 
The zero a l t i tude  level is t aken  as the  
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FIG. 8. A Minnaert  plot of ultraviolet  reflectance for 56 ocmfltation comparison points. The 
ordinate is the 3050-A reflectance multiplied by  the cosine of the emission angle,/x. The abscissa is 
the product  of the cosines of the incidence and emission angles, /XoF. I f  the Mars atmosphere were 
absent,  and the planet  surface were correctly represented by  a Minnaert function, Ro(FFo) ~, the da ta  
would cluster along a straight  line of slope k and have an intercept a t  R o. The effect of atmospheric 
scattering disperses the da ta  along the ordinate depending on the local pressure. 

t r i p l e  p o i n t  p r e s s u r e  o f  w a t e r ,  6 . 1 m b a r .  
A t o t a l  o f  3 0 0 0 0  i n d i v i d u a l  3050-/~ 
m e a s u r e m e n t s  were  used .  T h e s e  m e a s u r e -  
m e n t s  h a v e  b e e n  s m o o t h e d  to  a 10 ° g r i d  
t o  s h o w  t h e  l a rge - sca l e  p r e s s u r e  a l t i t u d e  

v a r i a t i o n s  on  Mars .  I t  s h o u l d  be  n o t e d  t h a t  
E a r t h - b a s e d  r a d a r  t o p o g r a p h i c  m e a s u r e -  
m e n t s  c a n n o t  be  c o m p a r e d  d i r e c t l y  w i t h  
t h e s e  m e a s u r e m e n t s .  U l t r a v i o l e t  p r e s s u r e  
a l t i t u d e s  a re  r e f e r ences  w i t h  r e s p e c t  t o  a n  
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F I G .  9. A M i n n a e r t  plot ,  similar to  Fig.  8 wi th  t he  dispers ion due  to  a tmospher ic  sca t te r ing  removed.  
The t r e n d  of the  d a t a  indica te  t h a t  a more  sophis t i ca ted  model  for the  g round  ref lectance in t e rms  of  
geometry ,  ~,/z0, and  ~ m a y  be needed.  
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FIO. 11. Deta i led  u l t rav io le t  pressure  a l t i tude  sect ions across t he  Mars r i f t  region. 

equipotential surface, while radar measure- 
ments (Downs et al., 1972; Pettengill et al., 
1972) represent distances measured from 
the center of Mars. Results from the 
Mariner 9 celestial mechanics experiment 
(Lorell et al., 1972) and the radio occul- 
tation experiment (Cain et al., 1972) 
indicate that  the Mars gravitational field 
has large deviations from spherical sym- 
metry. Because of these gravitational 
variations, it is necessary for radar meas- 
urements to be translated, making use of 

a correct gravitational field model, in 
order to determine pressure altitudes or 
which direction water would flow, for 
example. 

In addition to analysis of the Mars 
pressure altitude from a global point of 
view, very detailed information was ob- 
tained along the path of the spectrometer 
viewing track. One of the most striking 
changes in pressure altitude occurs over 
the Tharsis region where the Mariner 9 
television pictures show a large riftlike 
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Fro. 12. Ultraviolet pressure altitude profile across the rift region shown with Mariner 9 television 
pictures of the same region. 

feature  running 50 ° in longitude from west 
to east  (McCauley et al., 1972). Figure 11 
shows detailed pressure al t i tudes measured 
in the Tharsis region during the t ime 
period from 28 J a n u a r y  to 10 Feb rua ry  
1972. The ul t raviole t  pressure a l t i tude 
swaths cross the rift  feature  in a near ly  
perpendicular  manner.  The sequence of 
da ta  swaths begins at  140 ° west, orbi t  150, 
and extends  about  7500km east to a 
longitude of 5 ° west, orbi t  176. Each  
detai led mapping swath extends  for 1200 
kin. The west edge of the canyon begins on 
a dome in the Tharsis region and was 
crossed on orbi t  156, as shown in Fig. 11. 
Pressure alt i tudes,  s tar t ing with the high- 
est point  along orbi t  150, 6kin, increase to 
a max imum of 9kin, measured on orbi t  
156 near  the beginning of the rift  feature.  
F rom this dome the a l t i tude decreases 
going eastward,  reaching a minimum 
o f - 0 . 5 k m  on orbi t  172 at  30 ° west longi- 
tude  in Margari t ifer  Sinus. At  its widest 

point,  recorded on orbi t  164, the rift  
depth  is 6km. 

The high degree of detail  along the 
mapping swaths was util ized to make a 
detai led point -by-point  comparison with 
television pictures supplied by  the Mariner 
9 television exper imenters  (McCauley et al., 
1972). Four teen  individual  spectral  meas- 
urements  were obta ined across each 
wide-angle television picture  and relat ive 
al t i tudes associated with these pictures 
were recorded daily during the  mission. 
Figure 12 shows the detai led ul t raviole t  
pressure a l t i tude profile from orbi t  164 
across the rift  toge ther  with Mariner 9 
television pictures. The other  features on 
Mars which show large changes in pressure 
elevation are the volcanos, Nix Olympica 
and Nor th ,  Middle, and South  Spots 
(McCauley et al., 1972). Figure 13 shows 
the detai led pressure al t i tude profile across 
Middle Spot. I t  is notable  t ha t  the  caldera 
does not  occur at  the summit .  The large 
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FIG. 13. Pressure altitude profile of Middle Spot measured on 1 February 1972 shown with accom- 
panying television pictures. 

altitude of Middle Spot relative to its 
surroundings nearly 15km made it, along 
with other volcanos, visible during the 
early part  of the mission when dust 
obscured the rest of the planet. 

Note added in proof. I t  has been brought 
to our at tention by A. J. Kliore tha t  the 
ultraviolet pressures are systematically 
low compared with radio occultation 
measurements in the northerly latitudes. 
Requiring radio occultation comparison 
points to be within 3 ° of an ultraviolet 
measurement excluded a number of pos- 
sible occultation anchor points in the 
northeastern par t  of the map shown in 
Fig. 10. When the comparison points are 
required to be within 5 °, rather than 3 °, so 
tha t  these northerly points may be in- 

cluded, then ultraviolaet pressure altitudes 
north of 0 ° latitude are systematically 
lowered. 
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