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THE  ATMOSPHERE AND SURFACE O F  MARS - -  A SELECTIVE REVIEW 

ABS TRAC T 

Recent  significant  developments  in  our  knowledge  and  understanding of 

the  Martian  atmosphere  and  surface  are  reviewed. With  only one o r  two es-  

ceptions  the  work  examined is already in the  l i terature.  

The surface  pressure  estimates  using  different  techniques  are  roughly 

as follows:  near  infrared  spectroscopy, 3 - 90 mb;  ultraviolet  albedo  and 

spectrum, 3 - 30 mb.  The atmospheric  abundances  are: GO2, 45 m atmo; 

H20,   14  t ~ -  precipitable H 2 0 ,  variable  in  time  and  space; no others  detected, 

Of the  lat ter two of the  most  important  are 0 and 03, whose  upper  limits 

a r e  2 cm  a tm  and  4 p. atm  respectively.  The atmosphere  probably  contains 

2 

a semi-permanent  load of sub-micron  particles ( C 0 2  or  H 0 crys ta l s ,  or  

dust)  giving  the  !'blue  haze". The  blue  and  white  clouds are   a t t r ibuted to 

2 

ice   or  GO part ic les .  2 

The surface is character ized by bright  and  dark  areas.  The former  

are  covered  with  dust  which is evidently a weathering  product of the dark 

a reas .  The  color is attr ibuted  to  the  ferric  ion,  but its concentration  rela- 

tive  to  silicon  need  not be higher  than  the  relative  solar  abundance.  Dust 

storms  originate in the  bright  areas,  indicating  that  the  local  winds  at  an 

altitude of 1 meter  are  higher  than  145  km hr",  and may be as high as 

300 km hr", or  higher. 

The da rk  areas coneist of maria, oaucB, a n d  canala. 'I'ha 1)iologicaJ 

model for explaining  their  seasonal  and  secular  changes is not  favored, but 

non-biological  interpretations  are  preferred.  It is suggested  that  the  maria 

are  extensive  deposits of volcanic  ash,   the  oases  impact  craters of small  

asteroids,  and  the  canals  loci of small volcanoes  oriented  along  crustal 

cracks  connecting  the  oases  with  themselves  and  with  the  volcanoes. 
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I. INTRODUCTION 

Our  knowledge of the  Martian  environment  has  been  growing  at  an 

ever  increasing  pace  the  past  few  years.  This is directly  related  to  the 

major  space  programs  init iated by the  United  States  and  the  Soviet  Union. 

The plans  for   observing  Mars   f rom  f ly-bys,   orbi ters ,   and  landers   have 

stimulated  not  only  spacecraft  experimental  development but also  ground- 

based  observations.  These have utilized  traditional  astronomical  telescopes, 

in some  instances  applying  recent  technological  advances,  together  with 

the  newer  radio  telescope s. Complementing  the  planetary  observations 

have  been  laboratory  studies  aimed at facilitating  their  interpretation. 

While the  major  space  programs  are  essentially  localized i n  only two 

countries,  their  stimulus  has  extended to many  others  and  significant 

contributions  are  coming  from  scientists  in  many  lands.  It is m y  pur- 

pose  today  to  gather  together  the  published  reports of this  work  and  con- 

s t ruct  a framework  to  which  the  subsequent  papers  can be related.  In 

doing so I will  attempt  to  present a unified  picture, but  including more  

than  one  interpretation  for  the same phenomenon  where thc cor rec t  one 

is not  clearly  indicated.  Older  data  and  interpretations,  where  no  longer 

valid,  will be mentioned  at   most only  in  passing, Anyone inlerested in 

put.rjujn~ Lhr. tli~~l.cJrj~-kd I > ~ ~ ( * ~ H ~ U I I I I ~ I  IItrtJler altuuld C!t)))aul1 Ihn exl'ellent 

book by de  Vaucouleurs . Another  fascinating, but less   general   work 

is "Mars ,  The  Photographic  Story", by Slipher , 
2 

1 
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Some  important   character is t ics   are   summarized in  Table 1. The 

mass  has   been  determined by measuring  the  orbits of the  two satel l i tes ,  

Phobos  and  Deimos.  Both  are  very  small  and  their  diameters  have  per- 

force  been  derived  from  their   observed  brightness,   assuming  their   re- 

flecting  power  to  be  identical  to  the  parent  planet. The values so found 

a r e  23 - 30  and 11 - 14  km  respectively.  Their  orbital  radii  are  respec- 

tively 9 ,  340  and 2 3 ,  500'km,  and  Phobos is distinguished  among  the 

planetary  satell i tes by having  its  orbital  period, 7 hours 39 minutes. 

shorter  than  the  rotational  period of the  parent.  Phobos has also been 

singled  out  for  attention as a possibly  art if icial   satell i te  since  i ts   orbital  

elements  appear  to  indicate a secular  acceleration . This  was  attributed 

by Shklovsky4 to atmospheric  drag,  whose  effectiveness is enhanced by 

a very low density  associated  with a hollow  structure  put  in  orbit by in- 

telligent  Martians.  This  proposal  conflicts  with  the  widespread  belief 

3 

that a highly  intelligent  and  technological  Martian life has  never  deve- 

loped.  Other  explanations  proposed for the  secular  acceleration of 

Phobos  are  tidal  effects  and  conventional  atmospheric  drag . The la t ter  

explanation  used  an  atmospheric  model  with a sur face   p ressure  of 85 m b ,  

5 6 

roughly  an  order of magnitude  higher  than  our  best  current  cstimates. 

This  suggests  that  the  drag  theory  is  probably  no  longer  tenable. The 

writers  on  this  subject  have  all  recognized  the  inadequacy of the r a w  

data,  and  have  suggested  that  the  effect  itself may be  fictitious. 

The diameters,   equatorial   and  polar,  of Mars  have  been  measured 

by several   observers  with  somewhat  discordant  results.  The most  recent 

determinations,  by Dollfus'  using a birefringent  micrometer,  give 

then  being . 0117. He observed no  difference  in  diameters  for  red  and 
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blue  light,  in  contrast  with some previous  workers,  notably W.  H. Wright, 

who obtained  diameters  in  the  blue  which  were 2 - 370 greater   than in the 

red,  The  difference may be  due  to greater  l imb  darkening in  the r ed ,   o r  

to a blue  scattering  haze  layer  in  the  atmosphere. 
1" 

The optical  flattening of .012 is significantly  different  from  the  value 

of .0051 obtained by an  analysis of the  satellite  orbits.  MacDonald8  has 

argued  that  ,012  is improbably  high  for  reasonable  strengths  of  the  Martian 

rocks.  The possibility  that  an  atmospheric  effect.  is  responsible  has  been 

advanced by Kuiper9, who proposed  an  equatorial  haze  layer at an  altitude 

of c a  17 km. This  idea  has  been  criticized by de  Vaucouleurs on  two 

counts: 1) the  maximum  altitude of the  haze  layer is 17 km, at the  esti- 

1 

mated  tropopause,   whereas a l aye r   a t  70 km is required  to  account for 

the  difference,  and 2) a haze layer  can not  affect  the  flattening  measured 

by Wright's  method of following  surface  features  as  they  cross  the  disc.  

Moreover  the  haze  layer  should  have a greater  effect  in the blue  than in 

the  red,   whereas  the  oblateness is not found to be wavelength  dependent. 

Another  possible  explanation is that  the  optical  flattening is real,  and 

that  the  density of the  material  in  the  equatorial  bulge is lower  than  that 

in  the  polar  regions . 7 

The orbi ta l   parameters   differ   somewhat   f rom  Earth 's .  The mean 
6 6 

distance  from  the  Sun is 228 x 10 km, compared  to 150 x 1 0  km for 

Earth,   result ing in a mean  solar  constant  at  Mars which is 0. 43 that   at  

Earth.  In the  course of a Martian  year of 687 Earth  days  the  planet 

travels  an  elliptic  orbit  with  an  aphelion of 248 x 10 km  and a per i -  

helion of 208 x 10 km. The seasons  are  accordingly  unequal  in  length, 

and,  since  the tilt of the  rotational  axis is such  that   summer in the 

6 

6 

southern  hemisphere  occurs  near  perihelion,  this  season is shorter  and 

'..-A, 
3 2  
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hotter  than  summer  in  the  northern  hemisphere, The seasons  however 

are   essent ia l ly  similar to ours  since  the  inclinations of the rotational 

axes  of Mars  and  Earth  to  their   respective  orbital   planes  are  nearly 

identical. 

Ear ly   es t imates  of the  surface  pressure  were  drawn  principally 

from  photometric  and  polarization  observations.   Thus the  brightness 

and  polarization  were  measured as a function of wavelength,  position 

on  the disc,  and  phase  angle.  Certain  assumptions  were  made  about 

the  composition of the  atmosphere  and  the  reflecting  properties of the 

surface,   and  the  atmospheric  pressure  was  then  derived, A set  of such 

values is given in Table 2 taken  from  de  Vaucouleurs , p. 1 2 4  (the  com- 

ments in  the  column  llRemarks"  are  his).  After  evaluating  the  various 

attempts he decided  that  the  pressure  was 85  -I- 4 mb.  This  was  the 

value  in  general  use  until  1963  when a new  and  powerful  technique, 

based  on  infrared  spectroscopy,  was  applied  to  the  problcm. 

1 

- 

On the  night of April  12/13,  1963, a high  resolution  near  infra- 

red  spectrogram of Mars  was  obtained by Spinrad  on  the  100  inch coude' 

spectrograph  at  Mt.  Wilson. He was  attempting  to  detect  Martian  water 

vapor,  and  was  successful  in  that  quest.  But  the  plate  surprisingly 

showed  lines of the 5 v3 band of GO2 at 8700 A, figure  1.  Since  the 

lines  were  very  weak  their  equivalent  width  was  affected only s l ight ly  

by the pressure  and a C 0 2  abundance,  essentially  indepcntlcnl of t.hc 

pressure,   could  be  derived.  This  was done  in an  analysis  by Kaplan, 

M(lnch and Spinrad  and a value of 55 t 20 m atmo.  found.  This 10 



r ~ h n r ~ r i a r l c e  ' J J F I S  then used  to obtain a pressure   f rom the pressure-sensit i \-e 

2 p bands of CO as  measured  previously by Kuiper  and by Sinton,  figure 2. 

The resultant 25 t 15  mb  was  much  lower  than  the  previously  accepted 

value of 85 mb  and  created  quite a s t i r ,  not  only  in  the  scientific  com- 

munity,  but  also  in  that  part of the NASA charged  with  landing a laboratory 

2 

- 

on  the  surface of Mars .  When  the p re s su re  is so low a significant  fraction 

of a lander 's   weight is consumed by the  spacecraft  which  must  have a large 

drag  coefficient  to  slow  it  down so  that a parachute  can be deployed  for a 

soft  landing.  Since  the  engineers  would of necessity be conservative in 

their  design,  it   was  mandatory  to  confirm  this  new  estimate  and  to  reduce 

i t s   e r ro r   l imi t s  if a t  all possible. 

The desirabil i ty of refining  the  pressure  determination  is  drama- 

tized  in  figure  3,  kindly  supplied by C. F. Campen  and J .  A. Stallkamp . 11 

The weights  apply  to a particular  landed  capsule  designed to operate  with 

uncontrolled  entry  orientation,  for  entry  angles  from  grazing ( 2 0  ) to 

ver t ical  (90 ), and with a single  subsonic  parachute for terminal  descent.  

0 

0 

The  useful  landed  payload  includes  power,  communications,  structures , 

and  scientific  instruments  (ca 5 - 10% of the  useful  landed  payload). A 

more  precise  knowledge of the  atmosphere  will   also  permit  an  orbit  to 

be chosen  which  has a periapsis  closely  matched  to  the  actual  atmos- 

pheric  structure  and  the  desired  apoapsis  and  lifetime,  Table 3 .  This 

clearly  facilitates  the  reconnaissance  function of the orbi ter .  by in- 

creasing  the  spatial  resolution  attainable. 

Accordingly,  for  scientific  and  agency  reasons,  several  groups 

init iated  programs  to  confirm  and  refine  the  spectroscopic  pressure 

determination.  These  efforts  have  been  critically  reviewed by Chamber- 

lain  and  Hunten12  and by Cann,  Davies,  Greenspan  and  Owen13. The 
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lat ter  have  made  some  small   corrections  and have re-evaluated  the  un- 

certainties  with  the  results  shown  in  Table 4. Both grollps have r e -  

examined  the  polarimetric  pressure  determination  and h;tve pointed 

Out the  numerous  critical  assumptions  in  the  deductive  chain  leading 

f r o m  the  observational  data  to  the  calculated  pressure, They a r e  in 

essential  agreement  with  Dollfus’  comment  in  his  original  work  that 

h i s   p ressure  is only “an   order  of magnitude  estimate”. 

Low  pressures  have  also  been  derived by Musmanl4 and Evans 15 

from  Martian  ultraviolet  albedoes.  Musman  used  an  albcdo  for  the  total 

disc  obtained  photoelectrically by de  Vaucouleurs.   For a phase  angle of 

21° and X = 3300A  an  albedo of 0.032 was  found.  Assuming  that (1) there 

a r e  no particles  in  the  atmosphere  contributing to the  albedo, ( 2 )  there 

a r e  no absorbing  atmospheric  consti tuents,   and ( 3 )  the  surface  reflec- 

tivity is zero,   Musman  calculated  surface  pressures  of  27 mb  for  a 

pure N atmosphere  and 19 m b   f o r  a pure  C02  atmosphere.  2 

Evans  has  used  an  Aerobee  rocket  to  obtain  an  ultraviolet  spectrum 

between 2400 and 3500 A, figure 4. In deriving a p res su re  he makes  the 

following  assumptions:  1)  the  surface  reflectivity is 1% at 3000 A and 

0 a t  2500 A, 2 )  there  is a haze  due  to 0. 2 p diameter  ice  spheres  which 

ref lects  27’0 at  3000A  and 2.570 at  2500A,  and  3)  the  various  reflectivities 

add. The r e su l t s   a r e  6 t 3 mb   fo r   pu re  CO 9 t 4 mb  for   pure  N2, and 

13 t 6 mb  for   pure  A atmospheres,   There is no  evidence  for  band  struc- 

t u re  in the  spectrum as one  would  expect i f  gaseous  absorbers   were pre- 

sent. If there  is atmospheric  absorption  in  this  region  i t  would  have  to 

be  continuous,  and  probably  due to suspended  solids.  Actually  the simi- 

la r i ty  of the  spectrum to that  expected  from a pure  Rayleigh  scattering 

atmosphere  suggests  strongly  that   atmospheric  absorption, i f  present ,  

- 2’ - 
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is very  slight.  This  point is reinforced by the  close  agreement  between 

his  results  and  the  most  recent  ones  obtained by the  spectroscopic  and 

occultation  techniques. 

The bes t   p ressure   es t imates ,  as available  in  the  literature  prior 

to  this  meeting,  are  gathered  in  Table 5. 

B. Composition - 
The first   molecule  to be identified  in  the  Martian  atmosphere was 

C02. Kuiper'  noted  that  the  1.575  and  1.605 p C 0 2  bands  were  stronger 

in Martian  spectra  than  could be accounted  for by the  telluric C02.  Early 

est imates  of the  abundance  were  based on  the atmospheric   pressure of 

ca  90  mb,  and  have  now  been  superseded by abundances  based on  the 

5 u3 band.  The initial value of 55 t 20 m atmo, of Kaplan,  Mgnch, and 

Spinrad"  has  been  revised by Cann e t  a l l3  to 43 t 24 m atm. The la t ter  

authors  have  re-analyzed a determination by Owen  and ar r ived   a t  46  t 20 m 

atm.  It is repeatedly  s t ressed by the  workers in this  area  that  all of the 

CO abundance  measurements , and  accordingly  the  pres  sure  determina- 

t ions,   are  based  on only  one  plate of the 5 v 3  band of Martian GOz. This 

situation  has  been  rectified  and  additional  measurements of the  Martian 

band  will be reported  later  today.  Parenthetically it might be noted  that 

45 m atm. of CO corresponds  to a par t ia l   pressure  a t   the   surface of 

3. 3 mb. 

- 

- 

2 

2 

The only  other  molecule  yet  detected in the  gas  phase is H 0. The 

detection of water  vapor is credited  to  Spinrad,  Munch,  and Kaplan" who 

~ o d  thrj Dopplor s h i f t ,  producod by 1110 high relativcl valocjty of Mars 

with  respect  to  Earth  at   quadrature,  to shift  the  Martian  lines  onto the 

wings of the  much  stronger  tel luric  l ines,   f igure 5. An analysis of the 

line  intensities  gave  an  abundance of 14 t 7 p precipitable  water,  averaged 

2 
I t  
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over  the  entire  planet.  This  is  not  very  much  and, if present  in a con- 

stant  mixing  ratio  in  the  atmosphere, would give  relative  humidities  at 

the  surface of 8.5 x and  1.4 x a t  273 and 300' E; respectively, 

;jnd a dew point of -80 C. As might be expected  the  water  vapor a b u -  

dance is not  constant,  but  varies  both  in  time  and  space.  Observations 

of these  variations  will  be  presented by H. Spinrad  this  afternoon. 

0 

As  for  other  possible  atmospheric  constituents  only  upper  limits 

are  available.  A proposal  that  the  oxides of nitrogen  system  could  ex- 

plain  several  Martian  phenomenal7  has  provoked a certain  amount of 

debate,  and  attempts  have  been  made  to  confirm  the  initial  work.  These 

have  failed, but  they  have  served  to  decrease  the  upper  limit on  the NO 2 

abundance to c a  0.01 mm atmo 18'  19. This is far  below  the  level  neces- 

, so that   their  

been  recently 

on 0 of 4 p  atm. 3 

sa ry  to produce  the  phenomena  postulated by Kie s s  et a1 

proposal   must  be rejected,  

A pai r  of molecules 

reduced are 0 and O3 . 15 
2 

whose  upper  limits  have  also 

Evans  has  set  an  upper  limit 

Using  photochemical  equilibrium  calculations of Marmo  and  Warneck he 

then  derives  an  upper limit for 0 of 2 cm  atm.  This is considerably 

lower  than  the 70  cm  a tm.   es t imated by Kaplan  et   al lo  from the  absence 

of  Doppler  shifted  Martian  lines  in  the 7600 A band of 02. 

2 

Another  compound  which  has  been  the  center of some  speculation 

is acetaldehyde,  proposed by Colthup2' to explain  certain  features of 

the  infrared  spectrum. In the  subsequent  section  on  the  Martian  surface 

thc  spectral  evidence  will be discussed  and i t  will  be noted  that  there is 

110 evidence for ascribing abgorplian at acotkldehyde flee(lctancieB to the 

Martian  atmosphere,   This  implies  an  upper limit on this  molecule of 

ca  60 p atm , 
21 
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Kuiper"  has  continued  his  near 

determined  the  following  upper  limits: 

infrared  spectrometic  studies  and 

CO, < 1 cm  a tm;  CI14, < 1 mm atm; 

NH3, < 1 mm atm;  N 0, < . 8  mm atm; NO, < 20 cm  a tm;  H S, < 7 . 5  cm 
2 2 

a tm;  H CO, < 0. 3 c m  atm; COS, < 0. 2 c m  atm. Moreover he h a s  tenta- 

t ively  determined  an 0 18/ O1 ratio  "larger"  than on Ea r th  and is currently 

making a precise  determination. 

2 

The abundances of the  various  detected  and  considered  components 

are  l isted  in  Table 6. Two molecules,  N2 and A, are   missing  f rom  the 

table,  although  they  have  been  used  frequently  to  make up  the  discrepancy 

between  the  partial   pressure of CO and  the  estimated  total  pressure, In 2 

view of the  current  state of flux of est imates  of these two  quantities it 

seems  preferable  to  omit  them  from  the  table,   and  simply  state  that   they 

are  l ikely  candidates  for  any  difference  which  may  exist .  

C. "Permanent"  Particulate  Content - 
The existence of a more-or- less   permanent   load of particles  in the 

atmosphere  has  been  suspected as the  cause of the  lack of contrast  in 

blue  pictures,  figure 6. The most  l ikely  prospects for the  aerosols  are 

ice   or   carbon  dioxide  crystals ,   or   dust   par t ic les ,   wi th   diameters  in the 

sub-micron  region.  Recently  Kuiper22  has  briefly  re-examined  the  pro- 

blem,  nothing  the  unusual  polarization  effects  observed by Gehrels   a t  

X = 3200 A. For  instance,   over  a 7-day  period  at a phase  angle of 43, 3 

the  polarization  changed  from 1.570 to 9.870, evidently  reflecting a change 

0 

in the  particle  size  distribution.  Kuiper has examined  Gehrels '   data  in 

conjunction  with  calculations  based on Mie scattering  theory  and  believes 
J' 

that  the  data  favor  sub-micron  ice  spheres. He s t resses   that   th is  is only 

tentative  and  that  extensive  photometric  and  polarization  observations at i 
ca  3200 A are  very  desirable.   This  wavelength  is   particularly  appropriate 



- 10 - 

since  the  surface  reflectivity  is  low  and  the  Rilyleigh  scnltering by the 

atmosphere has not  begun  to  dominate.  Moreover  it  is  acl essible f rom 

Earth-based  observator ies ,  a very  convenient  circumstanl  e. 

It should  be  noted  that  the  increased  amount of CO now estimated 

OJI Mars  increases  the  probability  lhat  the  particles  are  composed  of CO 

I I, IM IW o f  r ta  of~~;cr-/;,i,ional data which  exclude GO and a simple  calcula- 

tion  indicates  that  crystallization of CO at altitudes of  c;1 20 km is not 

improbable23. If the  particles  are  ice  crystals  then  there  should be a 

2 

2" 

2 '  

2 

correlation  between  the  blue  clearings  and  the  amount of water  vapor  in 

the  atmosphere. The latter  apparently  varies  widely so th(1t this   corre-  

lation  should  be  quite  apparent. If one does no1 exist  then I he possibilities 

can  be  narrowed to CO crys ta l s   o r   dus t   par t ic les .  2 

D. Clouds 

Three  types of clouds  have been discussed - - blue,  white,  and 

yellow" '. The la t ter ,   a lmost   cer ta inly  due  to   dust   s torms,   wil l   be  

discussed  in  the  Surface  section. The blue  clouds  are  evident  as  Sright 

spots  on  blue  pictures,  but are not  seen on pictures  in thc  red,  while 

white  clouds  are  visible  throughout  the  visible.  There seems little  doubt 

that  the two are   re la ted ,   and   a re   c louds  of crystall ine H 0 o r  CO A 

recent  survey24  suggests  that  white  clouds  occur  most  frcquently  over 

2 2' 

br ight   a reas  and adjacent  to  dark  areas,   Wells has propo.-;ed that  these 

are analogous  to  clouds  produced on  Earth  where moisture. laden winds 

blow a t  r ight  angles over a mountain  range. Down wind of the range  there 

sion  cools  it  sufficiently to permit  condensation. If this i s  occurring on 

Mars  it implies  that at least   some of the  dark  areas   are   e levated,   and 

that  the  winds  blow  from  the  dark to the  bright  areas  durirlg  the  time 

. .  

when  the  clouds  are  observed. 
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I n .  SURFACE 
"" 

/;. J'rjrlcipJl 0Lsr:rvations -" 
'I he vlsual  appearance of t h ( .  planet 1 2 2  presents  a r  a s  t!lat art. 

bright  ochre,  dark,  and  white,  figure 7 ,  with the  bright a reas  concen- 

t ra ted in the  northern  hemisphere,  thc. d a r k   a r e a s  in the  bl)utI1crn h e n ~ i -  

sphere ,  and the  white a rcas   nea r  t le poles 

Tile while a reas   a t  the  p b l e  .L. 

When winter  occurs in  a particular  llemisphere L white  shroud 

" "_." I 

forms about its pole,  and  extends  to  cover a sigllificant  porf ton of the  hemi- 

sphere.  In  southern  winter the wl ite cap extends to ca  4''') S ;lnd in  the 

northern  winter the  corresponding  cap  goes to  ca  57 N. As a resul t  of 0 

polarization  studies by Dollfus,   in 'rared  spectral   work o l  Kuiper  (con- 

firmed by Moroz3 ') and  consider;sLiorls  based on the local  temperature 

and  the  partial   pressure  of  gaseouj  consti tuenls  over i t ,  (he caps are 

now  believed to he a thin  (ca  1 mm) coating ol Cinely  dividcbd icc: crys ta l s ,  

s imi la r  to hoar  frost.  They wax arld wane wit11 the seasons in ;L manner 

completely  analogous  to  our own SIIOW caps. 

b) The br ight   areas  

'The hue of the  bright  arc.as  is gencI-aZly  accepttbd to be reddish 

or   ochre ,  and is   close to that  obsc  ,-ved by the naked  eye for the integrated 

planetary  light. I ts  spectrum,  figltre 8,  merely  confirms  this  fact .  Not 

all areas  are  equally  bright,  with  Hellas  being  the  brightc.st.  Hellas is 

distinguished by being  the  souther]  most  extension of the  south  polar  cap, 

, ~ n d  is  l imes very  bright, sugge ;tillg i t  is  Icmporarily ( overed with  a 

tlcposit ( f ros t ?  ). I1 has beell conclucl(!d that il must  then I)e an elevated 

plateauz7,  and is I h u s  one of two ;I reds  to  which a11 increased  or   decreased 
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elevation  can be assigned  with s o n  e degree of certainty. The other  is  the 
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hlountains o?' Mi!:I~cl wh ich  nlanil'c. t ! I ~ m s c l v (  s a s  isolatt 1 white spots 

G hen I l w  s o u ~ h  pol.Lr cap  recedes.  

Polarisation  observations have  been ca r r i ed  OUI by 1)ollfus 28 

f o r  the  range of accessible  phase a n g l e s  and  for Ihc  vario\!s serFsons, 

Y o  seasonal  vari;ition was observe(! but a highly cI~,iracter-.stic  depen- 

c!t.Jj(.e l h r -  p l ~ a : . , ~  angle was discolered,   f igure 9. 

s i n c e  dus t  storms of the Sam<.  colo - a r e  frequc-ntll-  obser\c.d. 'They may 

be localized in  extctnt, or  covcr a r tajor  fraction of the  plilIlet,  figure 10. 

29 R y a n  has  made a detailed study c E some of t l e  problems  associated 

with  dust on Mars: 1) the winds ne :essary to raise dust o !  1 the surface, 

2) the verticiL1 winds  require(1 to c: evate  the  dust into the . ,Imosphere,  

and 3 )  the settling  time  for pztrticlc s of different sizes. A'calculation 

of par t icular   interest  to engineers  lesigning M.Lrtinn 1andt.t-s is the 

range of surface wind velocities w l  ich  may be encounteretl. For a 

2 5  mb  pressure  and a model  surfac e which is probably  most  applicable 

to Mars  the  minimum  winds  estim:  ted  to  initiate grain motion are 145  - 
190 km hr- '   at  an altitude of 1 met :r, and 230 - 270 lun h r  at a n  n l t i -  

tude of 100 meters .   These vclocit e s  will  scale  roughly a:> p r e s s u r e  , 

s o  that  for a p re s su re  of 10  n1b the T a r e   c a  230 - 300 km 1 : r - l  and 3 6 0  - 
430 respectively,  ;md for a pt-essu .e of 5 mb C.A 3 2 0  - 420 lcm h r  and 

510 - 600 lcm hr". These   a rc  all nuch highel. than the winds of up to 

100  km hr- '  deduced from tht. clot1 i movemenls.  Assumillg  the  surface 

-1 

-1/ 2 

-1  

nlodel is re;tsonal-,le the  only c*xplcr dation i s  on(' proposed Ryan where- 

.- . 

. .  "... 

Temperatures  have been measured  I'rom  the enI. t ted infrared 

radiation by Lampland  (data reduc( d l ~ y  G i i f ~ r d ~ ~ ) ,  Pett i t  .rnd Nicholson , 
31 

3 2  
arid Sinton and Strong . Maps hav been produced by Gifiord showing the 
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variation of the  noon  time  temperatures a s  a function of latitude, longitude ,,,: . ' 
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and  season,  figure 11. The diurnal  variation  has  been  measured  most  -prey;: . .' 

' b . . ,  
- _  

thermal iner t ia  the  effects of the  atmosphere  were  considered in a stirpi-,:\' <:, 
; . : .*: ; 

.,_ .i 3. <'. 
The  dark  areas  are  probably  the  most  fabkinatirig of& &&$y 

-4 . . -:.< 
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Martian  enigmas,  since  their  appearance  and  behavior have Eitjp;?ul@&k'~; :'.,-?<- 

many  scientists  to propose there  is  life on Mars ,  They consisk of t62,eee. ' :  ; :. 
distinct  classes - -  m a r i a ,  e. g. Syrtis  Major,  canals,  and oases. , * ~  whgr.6 ' -.$q:. %; .' i  . .";.I : . I,. 

several   canals   may  intersect ,   f igure 13, When  seeing  conditicihs ad::,., I .  . . ; .?x..: r -  ; ' * .  . 
, . ~ .._ ;> .:, .A:. - 

, & !  ;!,. q'.' -? 

good th-? trr . .r ia  are  spli t  up into  collections of dark nuclei on  a lightei". ,*.~;{i&~::$ 
.. , @p; x.$ 

backgroundZ5,  and  the  carials  are  resolved  into  disconnected  areas-.; '  . I. ..- ,A:. I. j" :!, 

more-or- less   a l igned,  eg. cf, F ~ c a s ~ ~  and  Dollfus3*.  The  intricate' 
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system of over 400 cahals   descr ibed by Percival  Lowell  has not  with- . ' . .  ' ..5 

' kc . 
5 .:. -. 

stood  the  test of t i m e ,  but a complex  system of disconnected aligned 
, . , *.. , .+ 

dark  spots has  taken its place,  figure 14.  It should be  noted  that the; 

connecting  lines  lie  close  to or  on grea t   c i rc les ,  that several   may inier- : :; '.- ' e -  
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This is a convenient  %designation  altheugh ndbody  today believes  theife' a 

a re   Mar t i an   a r eas  similar to  our  seas,   canals,   and oases. . 
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The colors  of the dark a r e a s  have  been  debated at considerable 

length.  Visual  observers  have  cited  almost  the  entire  spectrum,  from  red 

1.0 blue.  However  there  has  been no objective  confirmation of many of 

these,  and  the  only  shade  recorded  spectrographically i s  one  which is 

reddish,  but l e s s  so  than  the  bright  areas,  figure 8. The visually  re- 

ported  colors  have  been  ascribed  to  bad  seeing3'  and to a contrast  effect 

with  the  adjacenl  bright.  and  more  reddish  bright  areas.  Until  positive 

evidence to the contrary is produced I preier  to  ignore ~ ' e  reportings of 

blues  and  greens,  which  have  been  used  to  form a par t  oI' thc  case  for 
: 

life  on  Mars. 

Polarization  studies  have  been  equally  fruiiful in examining 

the   dark   a reas  as the  bright  areas.  Just  a s  for lhe  latter  the  polariza- 

tion vs .  phase  angle  has a distinctive  appearance,  figure  15. A provo- 

cative  seasonal  effect  which  was  discovered  will be discussed in.  the 

following  paragraph  on  the  darkening  wave. 

As the season in a particular  hemisphere  changes  from  winter 

to  spring  the  polar  cap  recedes. As i t  begins  to do so the da rk   a r eas  ad- 

jacent to the  cap  become  darker. A s  t he  season   progresses  the  darkening 

moves  towards  the  equator  and  ultimalely  crosses  it.  Behind  this  darken- 

ing front is a brightening  front, so that  there  appears to be a wave of 

darkening  moving  along  the  planet,  figure 1 6  2 8 J  3 3 ,  Associated  with  the 

decrease  in br ightness   is  a change  in  the  polarization,  with  the  negative 

da rk   a r eas ,  but secular  changes  also  occur, i i g u r e  17. Two regions 

where  such  changes  have  been  particularly  marked  over the past   several  

decades   a re  Solis Lacus,  and the  Thoth-Nepenthes  canal system. 
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A promising  means of studying a surface is  to observe  i ts  in- 

f rared  spectrum, in  the  hope of detecting  vibrational  bands  which will be 

indicative of the  composition.  This  approach  was  taken by Sinton3'  when 

he obtained  spectra  in  the 3 - 4 p region,  figure 18. His  initial  observa- 

tions  were  that  minima  existed  at 3 .  43 ,  3 .  5 6 ,  and 3 .  67 p, tha t  they  were 

more  pronounced for the  dark  areas,  and  that  they  strongly  suggested 

the  presence of organic  matter  thereon. As noted  earlier  Colthup 

believed  that  one  band,  that  at 3 ,  67 p, may be due to acetaldehyde. How- 

ever   af ter  a cri t ical   re-examination of the  data i t  has been  concluded  that 

20 

the  bands  at 3. 

atmo  sphe  re , 

but  it  requires 

strong  telluric 

37 

56 and 3 .  67 p are  almost  certainly  due  to HDO in our own 

figure 19. The  band  at 3 .   4 3  p has  not  been  questioned, 

confirmation,  especially  since  it  is on  the  shoulder of a 

CH4 band. M o r o ~ ~ ~  has also reported a minimum at 

3. 43 p, together  with  others  at 3 .  53, 3.  59, and 3 .  69 p. The reported 

resolution of the  features  at  3 .  53  and 3 .  59 p conflicts  with  his  stated 

spe[ Ira] band wid1.h of . 09 11. In view of this  discrepancy  the  confirma- 

what  higher  than for  the  bright  areas.  Specifically, "the maximum 

temperature   a t  a favorable  opposition  for a d e s e r t   a r e a  near the  equator 

of the  planet  appears  to be close to 25O C ,  and  for a dark  area  i t   i s   about  

8' hotter" 32 .  This difference is roughly what one would expect  due to 

comparable  in  magnitude  to  that of the  bright  areas.  

d) " Microwave  observations 

During the opposition of 1963 Jet   Propuls ion T.,aboratory 
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scientists  observed  Mars  with  their  12.6 cm radar   for  a total of 65 hours 4 0 . 

A spectral   analysis  of the  returned  signal,  figure 2 0 ,  showed  the  signal 

1 0  )x: , .o rn ing  prcdominantly  from a smal l   a rea   near   the   cen ter  of the disc ,  

implying  the  surface  is  in  fact  quite  smooth.  However  the data were too 

noisy  to  justify  any  attempt  to  quantify  the  roughness. A plot of signal vs. 

Martian  longitude  suggested a higher  signal  from  the  Syrtis  Major  region, 

but  again  the  noise  was  too  high  to  enable  positive  statements  to  be  made. 

Passive  observations  have  been  carried  out by several   workers ,  

most  recently by Kellermann . At X = 21 c m  D a ~ i e s ~ ~  had  derived a 

temperature  of 1140 t 50’ K, which  presumably would  have to a r i s e   f rom 

41 

- 
radiation  belts.  This  was  not  confirmed by Kellermann who has   reported 

the  temperatures  in  Table 7 .  These  agree  very  well  with  previous  data of 

Ciordmaine,  Alsop,  Townes,  and  Mayer, a.nd of Drake.  Because of the 

lack  of confirmation of the  high  temperature,   and  the  absence of a mag- 

netic  field  and  radiation  belts a s  determined by Mariner  I V ,  i t   seems 

reasonable to reject  Davies’  rcsult.  The data of Kcl lermann  are   consis-  

tent  with a planet  where  the  microwave  radiation  comes  from  depths 

where  the  temperature is constant,  with no diurnal  variation.  This is 

equivalent to stating  that  the  microwave  temperature  is  equal to an in- 

f rared  temperature   calculated  f rom  the  average  f lux  emit ted by the ent i re  

disc.  

e )   Mar iner  IV pictures  - 
The  most  exciting  event  for  students of Mars  has undoubtedly 

Iwen the Flicht of Mariner  IV and the  informalion it- h a s  provided  on t.he 

planet. T h i s  will be discussed in tlctail on Saturday; ~ ‘ ( I I *  now L will r e -  

s t r ic t  myself to a few  remarks  on  the T. v. experiment . The  out- 

standing  point  which  it  has  introduced is the large number of craters 

43 
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to   t e r res t r ia l   o rganisms.  

Y a g o ~ l a ~ ~  has  estimated  particle  f luxes  at  the surface,  but fo r  

a p re s su re  of 8.5 mb. His resu l t s   mus t  be extensively  revised  to  take 

account of the  low p r e s s u r e s  now accepted. 

B. 1nf.erpretation ""- 
In discussing  the  variety of interpretations  put  forward  for  surface 

phenomena I mus t  of necessity  restrict   myself   to a manageable  number. 

I will  then  make a critical  selection,  choosing  for  examination  those  that 

have aroused  the  greatest  controversy  or  which  have  the  greatest  pro- 

mise .  It should  be  noted  that  the  two  categories  are not identical. 

a)  The  composition of the  bright  areas 

The  spectrum,  polarization,  and  thermal  inertia of the  bright 

a reas ,   and  the charac te r i s t ics  of the  dust clouds have been  used  in  specu- 

lating on the  composition.  It  is  generally  accepted  that  the  latter  three 

properties  testify to  f inely divided  material,  with  grain  sizes  ranging 

from lOOy to 1 p. It  also must be uncompacted,  and  since  bodies of liquid 

water  have  probably  been  absent for periods up into  the  billions of years  

the  aeolian  erosion  must  have  resulted  in  large  quantities of dust  which, 

in places ,  m a y  now form a very  deep  surface  covering. 

As  for  the  mineralogical  composition  very  little  can  be said 

with  certitude. A considerable number of observations,   both  spectral  

and polar imetr ic ,  are in the  l i t e ra lure ,  whic.h also contains  some  posi- 

be laid  against almost all  of this work, since only. rarely was the 
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material   studied  in  the  laboratory  characterized  in any  but fhe  most 

ReIlerd manner.  Investigators  have  examined  the  spectral  and polari- 

n t t : l  f j (  pr0Jlertic:n of a wide range of minera ls ,  but the  state oi aggre-  

gation  has  seldom  been  specified.  This  is  distressing  since both para-  

m e t e r s  depend  critically on the particle  size  and  the  presence  or  absence 

of a surface  coating.  Some  observations  reported  have  been  made on 

rock  surfaces ,  a surface  which  must be r a r e  and  may  be  completely 

absent  in  the  Martian  bright  areas.  Moreover  the  mineralogical com- 

position of the  samples  has  never  been  adequately  given. A substance 

mentioned  frequently as the  bright  material is limonite, but this is one 

of the  most  poorly  characterized  substances  in  mineralogy.  Hovis 4s , 

in  his  spectral  study,  has  given  the  most  complete  description of his 

samples,  Table 8. While  it is not  complete,  e. E;. the  elemental  com- 

position  is  not  given, it serves  to  demonstrate  the  range of mater ia l s  

which  geologists  group  under  the  term  "limonite". And his spectra  

reflect  this  range  in  their  details. I would l ike  to  stress  this  point of 

sample  characterization,  which is important  not  only  for  its im- 

plications  on  the  Martian  surface,  but also for  checking  between  terres- 

trial  laboratories.  Thus  Coulson  (cited by Cann  et   al l3)  at tempted to 

check  Dollfus'  polarization  data  on  limonite, but failed.  This was pre-  

sumably  due  to  different  samples  examined by thc  two  investigators. 

With  this  preamble  let u s  look at  the  materials  which  have 

been  suggested.  The  reddish  color  and  the  cosmic  abundance of i ron 

led  the ear ly  investigators  to  propose a highly oxidized  surface  con- 

1:;lining iron in  the  ferric staft:. Polarization m t l  unpublished  spectral 

measurements  of Dollfus  led  him to zonclucle that  the  material was 

essentially  limonite.  However  the  polarization  curve  was  derived 
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from  the  observed by subtracting out a component  which  would be ex- 

pected  for a Rayleigh  scattering  atmosphere of terrestriill   compositioll 

and  with a su r face   p re s su re  of 90 mb.  This is clearly  over  corrected 

in  view  of our  present  knowledge of the  atmosphere,  and  moreover, if 

ae roso l s   a r e   p re sen t ,  the  correction  can be exactly  the  opposite 4 0 , 

figure 23,  and a variety of materials  can  then f i t  the  reduced  curve. 
e 

The visible  and  near  infrared  spectrum was  used by Kuiper 

in arriving  at  an  identification of felsitic  rhyolite.  However i t  has  been 

noted  that  the  surface  examined was old  and  may  have  had a weathered 

coating of limonite . The spec1 rum of limonite,  cited so commonly, 

is similar  to  those of other  ferric  oxides in exhibiting a minimum  at 

8750 A, figure 24. The absence of this  minimum, o r  its  weakness if 

47 

pres_ent,  in  the  Martian  spectrum  argues  strongly  againsl a covering 

which is pure  ferric  oxides  and  their   hydrates,  a point  rccognized by 

Adamcik  and  his c o - w o r k e r ~ ~ ~ .  They prepared a synthetic  mixture of 

goethite ( Fe203 * H 2 0 ) ,  kaolin (AI z03 ' Si02  2H 0) and  hematite 

(Fe 0 ) in  the  weight  ratio  16 : 100 : 16  and  added "a few percent" of 

2 

2 3  

a black  material   (magnetite).  The resulting  spectrum  closely  resembled 

Mars ' .  

This  demonstration  relieves one of the necessity of postula- 

ting  mechanisms  for  producing a spectrum  equivalent to "pure"  limo- 

nite. One such  proposed-was a surface  covering, o r  paint,  on  silicate 

49. Another was a concentration of the  fine,  soft  limonite 

par t ic les  on  the  surface  resulting  from  fractionation  during  setfling 

,lIf(:r CIttHt NIortmH , My p C r f l ~ J n ~ I ~  [ ~ p l I l j ~ ) t 1  IIIJW i n  t J l , r l  Ihr. I ~ r i g h t  n r t t a s  

are  oxidized,  the  color is due to the Fe ion, and  the  Fc/Si  atom  ratio 

need be little  different  from  the  solar  value of 1 : 3. 5 . 

5 0 

t3 

51 

. .  
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b) The nature of the  dark  areas  

T h i s  is the  topic  which  has  generated  the  greatest  heat  due 

to its  possible  association  with a Martian  biota.  In  treating i t  I will 

divide it into  sections  dealing  with  the  biological  and  non-biological 

interpretations.  Some of the  latter  invoke  life  phenomena, but their  

main  features  are non-biological 

i) The  biological  interpretation - 
This  theory  reached  its  culmination in the  hands of 

Lowell, who peopled  the  planet  with  intelligent  beings  cap2ble of con- 

structing  an  intricate  system of irrigation  canals.  As  our  knowledge 

has  improved  and we have  become  aware of the  desiccated  state of the 

surface  and  atmosphere,   the  low  atmospheric  pressure,   the  lack of 

oxygen,  and  the  possibly  high  radiation  flux  at  the  surface,  an  element 

of sobriety  has  entered  into  the  deliberations.  Still,   one  should  cer- 

tainly  not  exclude  the  possibility of a Martian  biota  and,  accepting  this, 

it is natural  to  try  to  explain  some of the observed  phenomena  on  this 

basis .  

The  darkening  wave  moving  from  the  poles  towards  and 

across  the  equator is the  most  intriguing  effect  to  explain. On a life 

basis  i t  is handled  in  the  following  manner. On Ear th   o rganisms have 

lots of water ,  so  that  temperature  is  the  critical  factor  in  their  growth. 

Accordingly a terrestrial   darkening  wave  exists,  but  moves from the 

equator  towards  the  poles as the  season  progresses  from  winter to  sum- 

m e r .  On Mars ,   however ,   whi le   the  temperatures   are   cer ta inly  not  

benign, it is the  availability of wai.cr  which is cr i t ical ,  When  the  polar 

caps  begin  to  sublime  and  recede  the  water  released  moves  towards 

the  equator  and  becomes  available to organisms  present  in  the  soil.  

They  then  proceed  to  proliferate,  darkening  the  surface and changing 
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its  color.  Then  as  the  relative  humidity  decreases  due to the  passage 

of the  wave of moisture  the  organisms  become  dormant  and  the  areas 

brighten. An attempt by Dollfus  to  duplicate  the  polarizal ion behavior 

by te r res t r ia l   o rganisms  fa i led ,  but then  life  has  manifold  forms  and 

one can  always  conceive of some  hypothetical  form  which has the de- 

s i red  propert ies .  The secular  changes  in  the  dark  areas  are  consi-  

dered to, be the  expansion of organisms  into a previously  barren  region, 

o r  a regresbion \ of them  from one previously  fertile. 
'x: 

".. 52  I have,been  skeptical of this  model  in  the  past . and  have 

not  al tered  in  this  respect.  The range of non-reddish  colors,  in  parti- 

cular   greens  and  blues ,   are   doubtful   and  may  wel l  be art ifacts  intro- 

duced by our own atmosphere  and  our  psychological  processes.  The 

temperatures   prevalent  in a t   least   some of the  dark  areas  during  the 

darkening  process  also  argue  against  an associated  biological  activity. 

Thus,  Depressio  Hellespontica,  located at 60 - 65O S latitude,  partici- 

pates  prominently  in  the  darkening  wave,  and  yet  attains a maximum 

summer  temperature  of - 2 3  C ,  and a temperature  at  the  height of the 

darkening  wave of only - 28 C ,  figure 25. This is a measured  bright-  

ness  temperature  and  should  be  raised  about 2 - 3 to allow  for  an  emis- 

sivity of ca 0. 95. There  may be a certain  experimental  c'rror, and 

there  m a y  be localized  areas  where  the  albedo  is  lower  and, as a con- 

0 

0 

0 

sequence,  the  temperature  higher.  Still,   the  surface  temperature  will 

probably  never  exceed 0 C,  even on the  hottest  day.  This  seems 

extraordinarily l o w  to permit a proliferaijon of life based on water as 

solvetlt. 11 is t r u e  that  srtlfs, jn p a r l l c d a r  ~ l l c n l l  dncl ; t l l ~ ~ l i ~ l c  oar!  h 

halides, i f  present  in  large  concentrations  can  significantly  lower  the 

freezing  point of water.  Therefore  an  unequivocal  rejection of a biolo- 

gical  explanation  for  the  darkening of Depressio  Hellespontica  cannot 

0 



be made,  but I regard  i t  a s  highly  improbable. It is only natural  then 

to  extend th i s  conclusion  to  other  areas  participating in the  darkening 

w;Lvr:, and  to  conclude  that  the  biological  interpretation  for the wave 

itself  is  improbable. 

The secular   changes,   or   a t   least   some of them, a l so   a r e  

difficult  to  explain by biological  activity. The a r e a  Hellas, normally 

bright,  was  dark  during  the  1954  opposition,  but in  1956 returned to 

its  normal  appearance.  Since it covers   an   a rea  of 290,  000 square  miles  

any  organisms  which  can  quickly  extend  over  it   to  the  extent  required  to 

change  its  visual  appearance so drastically  must be quite  unique. 

Finally  must be mentioned  the  ability of the da rk   a r eas   t o  

regain  their   original  appearance  after a dust   s torm.  6 p d 3  argued  that 

the only  means of accomplishing  this  was by invoking  vegetation  which 

would grow  through  the  dust  layer.  Tnis is a possibility,  and is perhaps 

the  most  tel l ing  argument  for  interpreting  the  dark  areas as being  vege- 

tation  covered. 

It  should  be  noted  that  no  terrestrial  life  forms  have  been 

demonstrated  to  have  the  requisite  hardiness  and  proliferation to explain 

the  Martian  phenomena.  Kuiper9 has suggested  lichens as the  Martian 

cover  because of their  ability  to  live  in  very  hostile  environments,  and 

because of the  range of colors  they m a y  possess. Salisbury has cr i t i -  
5 4  

cized  this  proposal,  noting  that  the  growth  rate of lichens is far l e s s  

than  that  required.  Not  only  lichens  are  hardy,  but  also  certain  strains 

of haclerin,  but populating n planetary  surface wi th  such  organisms  to 

I Ilc Ievc l  rrcjuiretl Lo oxplain I l1c M,I 1811nll p l ~ r ? n u ~ n ~ n a  H n r l r l A  I\l(licroua, 

If a Martian  biota is responsible  for  these  visual  effects  it   must  have 

properties  quite  different  from  any  species  with  which we are   famil iar .  



Of course ,  

would  have 

- 2-1 - 

this is only  to be expected,  since  any  existing  Martian  life 

10 evolve  to  fit  into  the  developing  ecological  niches. Since 

lhese a r e  so  different  from  any on Ea r th  the organisms lvould in all  

probability be quit.e unfamiliar. 

i i)  The non-  biological  inte  rpre  tations -"" 
In  this  category I want to  single  out  work by four  aut.hors 

who,  in  my  opinion,  have  proposed  ideas  which  have  considerable  merit. 

They a r e   T o ~ m b a u g h ~ ~ ,  McLaughlin 2 7 , 5 6  , Kuiper 35 , and  Smoluchowskl . s7 , 

I will   f irst   describe  briefly  the  salient  poinis of their  proposals,  and 

then  extract  certain  ideas  and  meld  them  into a description  which  has 

the  greatest  appeal  to  myself. 

Tombaugh  suggests  the  shrinkage of the  planet  has  pro- 

duced a "tetrahedral  deformation"  with  the  maria  lower  than  the  bright 

areas ,   which he states  is  in  conformity  with  the  evidence  available. 

The oases   are   depicted as c ra t e r s   fo rmed  by the  collision of small 

asteroids,   and  the  radiating  canals  are  cracks  in  the  crust   result ing 

f rom the  impact. The colors  and  seasonal  behaviors  are  "undoubtedly 

due  to  the  growth of vegetation"  with the "iractured  zones",  i .  e .  , the 

canals,  giving  "haven  to a hardy  vegetation  in  regions of unfavorable 

environment". The mechanism of this  is  not  spelled out., and  it is not 

clear  whether he regards  the  canals as valleys o r  a s  thc loci of vol- 

canic  activity,  either of which  could  provide  the  neccssary  haven. The 

vegetation  part of this  hypothesis  and  the  idea  that  the  dark  areas  are 

depressed I find  difficult  to  accept.  Specifically, I know of no  good 

evidence  suggesting  the  dark  areas  are  depressed. It it3 believed  that 

Hellas is an  elevated  plateau,  but  this  need not imply  that  all of the 

br ight   a reas   a re   e leva ted .  In view of the  widespread  dust  storms  it 

would seem  more  natural   that  the low  areas  would be  covered  with  this 



dust,  and  hence would  be bright. 

In his two papers  McLaughlin  developed a volcanic  model 

to  explain  the maria and  certain of the  canals.  The  peculiar  tendency 

of the maria to be concentrated  near  the  equator,  to  have  "triangular'l  

or  funnel-shaped  estuaries,   and to trend in a south-east  north-west 

direction  suggested  to  him  that  they  are  the  result  of  volcanic  action. 

If, at  the  point  of  the  funnels  there  exist  volcanoes,  the  expected  pre- 

vailing  trade  winds  in  the  southern  summer wil l  blow  the ash in just 

the  right  direction to explain  the  extended  areas. In northern  summer 

the  planet  is   further  from  the  sun  and  the  counter  winds  will  be much 

weaker.   Rather  than  produce  long  dark  areas  they  blow  the  ash  into 

the  thin  streams  which we see as canals  radiating  from  the  volcanic 

tips.  McLaughlin  states that  thc  volcanoes all lie  close to a great  

c i rc le  inclined a t  25 to the  equator and likens  this to Earth 's   c i rcum- 

Pacific  volcano  belt.  However,  when  the  volcano  positions  are  plotted 

on a stereographic  projection it is seen  that  between 0 - 180° aereo-  

graphic  longitude  his  statement  is  valid,  but  that  between 180 - 360' 

they  scatter  about  the  equator,  figure 26 .  The canals   are   a t t r ibuted 

to a variety of possible  causes,  of which ash deposit  from  active vol-  

canoes is only  one. They may be 1)  linear  chains of small  volcanoes, 

a long  major   crustal   f ractures ,  2) major  fnull  zones  in  which the su r -  

face  irregularit ies  have  irapped  drift ing  volcanic  ash,  3 )  rift  valleys 

related to fault   zones,   or 4) igneous  dikes. The seasonal  changes m a y  

bt: clue t o  1)  moistening o€ Ihe surface,  o r  2) a new  fall o f  ash.  Secular 

, . I , ~ ~ ~ ~ ~ ~  c a l l  t l t ' i ~ c  I I ~ ~ I I ~  311 i l l ,  I ' P ~ - I F ~  ~ I L W  ' I C I  I * ~ : I ~ F  ( I t '  vt.111 n18!1 d M y ,  

The  concept  that  volcanic  activity h a s  played,  and maybe still plays,  

a major  role  in  shaping the surface is intriguing,  although  some of the 

details   arc  difficult  to acccp l .  Coniinuously  active volcanoes required 

0 
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for the seasonal  changes  are  improbable,  and  the  humidity is too low 

for  any  moistening of the  soil  which is more  than  transient.  Explaining 

some of the  canals  as a s h  deposits  from a central  volcano at an oasis 

is improbable  in  view of their   narrowness   re la t ive to the extended 

areas,   and  in  view of the fact that  in  general  several  canals  intersect 

at any  one  oasis. The attribution of canals to valleys has  already  been 

criticized,  and  associating  them with faults  seems  unlikely  because of 

their  tendency  to  intersect. Not  only  do  they meet   a t  O ; L S C ' S ,  but they 

also  intersect  with no apparent  influence  on  one  another's  path.  This 

behavior  has  not  been  reported  for  faults  on  Earth,  and  certainly 

appears  unusual. 

A different  proposal  was  advanced by K ~ i p e r ~ ~  af te r  

making  extensive  visual  observations  during  the 1956 opposition. He 

suggests   the  dark  areas   are   lava  f ie lds ,   and  that   the   dust   cover  is 

variable,  depending  on  the  seasonal  winds.  Secular  changes  are  the 

resul t  of secular  changes  in  the wind pattern.  The regenerative  power 

is  due  to  the  ability of the  wind  to  blow  the  dust  particles off the  lava. 

He believes  that  some of the  reported  green  colors  are  valid  observa- 

tions  and  includes  in  his moclcl Ira partial   cover of some very  hardy 

vegetation". He gives  no  further  details of his  model,  in  parlicular 

he makes  no  proppsal  regarding  the  relative  elevations oi the  dark  and 

br ight   areas ,   nor  of the  actual  behavior of the  presumed  vegetation. 

The possibly  high  ultraviolet ( A  > 2000 A) flux at the s u r -  

face   p rompted   Srnoluch~wski~~  to   sugges t   tha t   UV-produced   co lor  

centers  m a y  explain  some of the  Martian  phenomena, The  high flux 

may  produce  color  centers  whose  population is temperature  dependent. 

In  winter  the  centers  would be depopulated,  while  in  summer  they would 

be  populated  and  the  material would  be darker,  Secular  changes  could 



be the resul t  of extraordinarily  high  irradiation  due to  photons  and  cor- 

puscular  matter  from  solar  f lares.  N o  mineralogical systems were  ad- 

vanced  as  demonstrating  these  phenomena,  and no effort was  made to 

explain  the  regenerative  property of the  dark  areas.  While  the  hypo- 

t h e s i s  is interesting i t  would seem to predict  a wave  that moves  f rom 

c:rlllalcjr fo pole since  this is the  direction in which the maximum  daily 

temperature  increases,   and  i t  is this temperature  which  presumably is 

most   cr i t ical  in the kinetics. The observed wave appears  to be co r re -  

lated  more  with  the  atmospheric  transport of water  vapor,  a factor  not 

considered  in  Smoluchowski's  treatment. 

Finally, I would  like to extract  some ideas  from  these 

works,  add  one  or  two of my  own,  and  present a picture  that  seems 

most   reasonable ,  at least   to  myself .  It is essentially  an  extension of 

some previous  ideas 5 2 J  58. First the dark   a rcas   a re   cons idered   to  be 

elevated,  and  the  bright areas depressed  and  dust  covered.  The ob- 

servation by Sliper of temporary  dark  areas  adjacent  to  yellow  clouds 2 

is interpreted simply as areas  from  which  the  dust  cover has  been  tem- 

porarily  removed  during  the  storm. His explanation  invoking a wetting 

of the soil by precipitated  water is untenable  in  view of the  dryness of 

the  atmosphere.   The  maria  are  probably the  deposits of volcanic  ash, 

wind-blown  from.volcanoes ai their   vertices.  The oases   a re   mos t  lilcely 

impact  craters  and  the  canals  str ings of small  volcanoes  aligned  along 

crustal  fractures  linking  the  impact  craters  with  themselves  and  with 

1 h c .  m;Ljor vo1c;inoc:s. The po.rsibj1.ity t l l a l  t h e  canal6 a re  ejecta  Ihrown 

1 )  they  would  probably  require  too  much  material  for  their  formation, 

and 2) they  would  not  be  expected to  connect  oases and volcanoes  to the 
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rlcgree  apparent.  The  darkening  wave  may be  due to 1)  small   dust  par- 

l j ( . l c s  seasonally  transported  on  and off t he   da rk   a r eas ,   o r  to 2) a sea-  

sonal  darkening  of a permanent  surface,  due  perhaps  to a reaction with 

H 0 vapor  which  is  promoted by the  high  radiation fluxes.  The polari-  

zation  changes  may be a resul t  of a change  in  particle s ize  o r  of Ihe 

decrease  in  brightness.  The  influence of the  lat ter  may be a n  intrinsic 

surface  effect  or  a consequence of an increased  relative  contribution of 

aerosol  scattering 46 . Secular  changes may be ascr ibed to changes in 

the  wind pattern,   to  volcanic  activity,   or to both. The regenerative 

ability  results  from  the  settling of the  dust  into  the  lower  areas. The 

dark   mater ia l  is essentially  unweathered  volcanic  ash,  the  bright 

material   the  products of its  weathering.  Even  though  liquid  water is 

r a r e ,  i f  present   a t  all, a slow  weathering  may  still  occur , and may  

in  fact be facilitated by the  incident  energetic  radiation. 

2 

5 6  
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TABLE 1 . 

Some Physical  P rope r t i e s  of Mars   and  Earth 
" . 

M a s s ( g )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Diame te r (km) . . . . . . . . . . . . . . . . . . . . . . .  

Average  density  (g . . . . . . . . . . . . . .  
Surface  gravitational 

acceleration (cm sec.2) . . . . . . . . . . . . .  
Mean  distance  from Sun (km)  . . . . . . . . . . .  
Angle  between  rotation axis 

and  orbital  plane  (deg . ) . . . . . . . . . . . . .  
Length of year (days) . . . . . . . . . . . . . . . . . .  
Length of southern  spring  (clays) . . . . . . . .  
Length of southern  summer (days)  . . . . . .  
Length of southern fall (days) . . . . . . . . . .  
Length of southern  winter  (days) . . . . . . . .  
Length of d a y  (hours )  . . . . . . . . . . . . . . . . . .  

Mars  

o . 646 x 

6800 

3 . 96 

370 

228 x 10 6 

24. 5 

687 

146 

160 

199 

182 

24 . 6 

Earth 

5 . 9 8  x 10 

12. 800 

5 . 5 2  

27 

981 

150 x 10 6 

23 .5  

365 

91 

87 

93 

94 

24 



TABLE 2 

No. 

1 

- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

~~ ~~ ~ ~ 

"Old" Determinations of the  Surface  Pressure 

Authors Met hod 

Menzel 

Lyot  

Barabascheff 

Barabascheff 

Sc  har onow 

Sytinskaya 

F e  s senkoff 

Vaucouleurs 

Hess  

Dollfus 

Dollfus 

Dollfus 

V i s .  and Pg .  Albedo 

Vis .  polarimetry 

Pg.  photometry 

It I I  

I1 If 

V i s ,  photome t r y  

Theoret.  Meteo. 

V is. polarimetry 

Vis .  photometry 

Vis .  polarimetry 

"- 
50 

116 

120 

1 1 2  

125 

93 

80 

* 80 

95 

83 

Remarks  

Rejected 

Rejected 

Doubtful 

Doubtful 

Indirect  

Doubtful 

I l lusory 

Approx. 

I l lusory 

Prelim. 

Approx. 

Final 



T A B L E  3 

Computer  Periapses for a Mart ian  Orbi ter  

T 

Periapses  at   Designated  Lifetimes 
" 

Apoap s i 5 1 y r .  5 y r s .  10  y r s .  50 y r s .  I 0. 5 

Circular  5500 km 

I 5,000 kn 

10,000 3100 

i 2 0 , 0 0 0  I 2100 

3 0 ,  000 

3 500 5 0 , 0 0 0  

1800 

t 

"Conservative" Atmosphere 

I 
3100 1600 I 1.100 2400 

I 
2000 1 I i 1450 850 7 0 0  

1400 

1100 

1000 

900  

1100 

9 0 0  

800 

7 5 0  

700 

625 

600 

5 5 0  

600 

550 

500 

450 
! 

"Realistic" Atmosphere 

Ci rcu lar  560 65 0 900 1000 1400 

5,000 km 

180 190 250 460 300 20,000; 

190 21 0 29 0 5 5 0  350 10,000 

210 240 3 5 0  430 69 0 

I 
3 0 , 0 0 0  

160 170 210 24 0 380 50,000. 

170 180 230 280 420 

1 



TABLE 4 

Recent  Spectroscopic  Determinations of Mar t ian   Sur face   Pressure  

Author 

1 ,  KMS 

2. OK 

3. Moroz 

4. Hanst  and  Swan 

Or  ig inal 
Estimate 

(mb) 

25 t 15 - 

17 -t 3 (p.e.1 - 

t10 
-5  

56 t 31 - 

Revised 
Estimate 

(mb)  

3 3  t 3 0  - 

37 
( uppe r 1 im it) 

t 25 
l 3  - 8  

” 

Remarks  - 

Revision  based  on  Martian  CO  abundance 
of 45 t 25 m-atm. 2 - 
1 1  I I  1 1  I 1  1 1  - 

Revision  based  on  Martian CO abundance 
of 45 t 25 m-atm. 2 - 
Based on Martian  C02  abundance of 
28 t 13 m-atm.  - 

W S  - -  Kaplan, L. D. ,  Munch, G. , and  Spinrad, H. , Ap. J. 139, 1 (1964).  
1 1  

- 
OK - -  Owen, T. C. , and  Kuiper, G. P. ,  Comm. Lunar and  Planet. Lab., 2 I 1 1 3 (  1964). - 
Moroz -- Moroz, V ,  , Astron. Zhur. 41, 3 5 0  (1964). - 
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TABLE 5 

Current   Li terature   Est imates  of the  Surface  Pressure - 

Te c hniq ue P r e s s u r e  Imb) 

Kaplan, M k h ,  Spinrad Near  Infrared 3 3  t 30 
( revised by Cann  et al) Spectroscopy 

- 

Owen and Kuiper Near  Infrared 37 (upper  limit) 
( revised by C a m  e t  a l )  Spectroscopy 

Moroz Near  Infrared 
(revised by Cann  et  al) Spectroscopy 

t 25 
l 3  - 8  

Hanst  and  Swan 

Musman 

Evans 

Near  Infrared 56 t 31 
Spectroscopy 

- 

Ultraviolet (3300A) 19 (pure GO2) 
Albedo 27 (pure N2) 

Ultraviolet 

Spectrum 9 7 4 (pure N ) 
(2400-3500A) 6 + 3 (pure C02)  

13 - 7 6 (pure A? 



TABLE 6 
"" 

Molecular  Abundances  in  the  Atmosphere 

Molecule 

c02  

H2° 

O2 

O3 

CH3CH0 

co 

CH4 

NH3 

N02 

N2° 

NO 

H2C0 

cos 

Abundance 

45 + 25 m  atm. - 
14 - + 7 p precipitable H 0 

(variable in time  and space) 
2 

< 2 cm  atm. 

< 4  p atm. 

< 60 p atm. 

< 1 cm  atm. 

< 1 mm atm. 

< 1 mm atm. 

<10  p atm. 

<.  8 mm  atm. 

< 20 cm atm. 

< 7 . 5  cm atm. 

< 0 . 3  cm atm. 

<O. 2 cm atm. 



TABLE 7 
" 

Microwave  Temperature  Measurements of Kellermann - 

6. 0 

11.3 

21. 3 

r 

192 t 26 - 
162 t 18 - 
190 t 41 - 



TABLE 8 

Three  Samples of Limonite  Examined by Hovis 

Locality of Iron  Oxide  Percent  other 
U. S. N. M. Specimen No, Origin  Minerals  Minerals I - 

109590 Carter  sville,  Goethite 
Georgia 

27 

109592 Alabama Goethite 5. 3 

18274 Caracas ,  
Venezuela 

Goethite 47 

Other   Minerals  

More  than 90TC 
quar tz ,  minor 
mica group 
mine ra l s  

Quartz  

More  than  90% 
quar tz  
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- 20 

- 15 

Fig. 1. -4 microphotometer tracing of the R-branch in the 5 v COz band of Mars. The measured 
3 

lines J = 8, 10, 12,  and two solar  lines are s h o w l o .  
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I o3 I Q4 I os 

F i g ,  2. Equivalent  width of 2 p band complex  vs. CO amount  t imes  effective  pressure,  The 

abscissa  markings  below  the  curve  are for var ious   t e l lu r ic   a i r -masses ,  q. above the 

curve for Earth  plus Mars f rom Sinton (S) and Kuiper (K) ,  upper and lower l i m i t s  , 10 

2 
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0.4 r M E T ! 3 l C  REFLECTIVITY OF MARS 

0.3 

cc FLIGET DATA!-RELATIVE 
a ++ABSOLUTE(P LEO) 
v 

I II B P 
2000 3000 4000 5000 6000 7000 

WAVELENGTH (1,ANGSTROMS) 

Fig. 4. The geometric  reflectivity of Mars.  Solid  line, 

relative  data  adjusted  to 0. 04 at 3400 A; t, ab- 

solute  reflectivity  determined by comparison 

wi th  p Leo, plotted  independently, The dashed 

linca below 3400 A rcprcacnl l.hc o r r o r  rilnge 

applied to the relative  data . 15  
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1. I Y 5 G  AUK 24 A84" 
U.T. 2 3 ~ 4 9  R 
May 30 M.D. 

3 .  1941 Or[ 1 1  
U.T. 6:OO 

~305" 
0 

July 11 M.D. . 
4. 1941 Oct 1 1  A920' 

U.T. 7:Ql B 
July 11 M.D. 

Fig .  6 .  Comparisons of yellow and blue photographs showing thc 
presence O C  the obscuring blue haze togethcr with partial 

2 clearing . 



Fig.  7 .  The visual appearance of M a r s  in 1954 . 
25  



BRIGHT AREAS 
---- DARK  AREAS 

(SYRTIS MAJOR) 



1 Q  20 30 40 

Fig. 9.  The  polarization of the bright a r e a s  vs .  phase  angle  as 

reduced for a Rayleigh  scattering molecular atmosphere 

with a p res su re  of 90 mb. The dots  represent laboratory 
measurements  of pulverized  limonite . 28 
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U.T. 2 2 :  09 June 2 M.D. R 

5. 1941 Nov 10 X38" 
U.T. 6 :  09 July 30 M.D. R 
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LOCAL T IME 

18 

F i g .  12. Theoretical and observed  diurnal  temperature  variation  at  the  equator . 
3 2  



M A R E  A U S T R A L E  

Fig .  1 3 .  A drawing of Mars by Slipher 2 . 
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Fig .  16. Brightness  of the dark are4ls  V S .  lwliocentric longitudc. 
South is at the top, north at the botlom . .3 3 



2. 1907 July 3 X270" 
U.T. 4: 21 Apr 7 M.D. Y 

8. 1920 Apr 23 X285" 
L U.T. 8:47 Jan 25 M.D. Y 

9. 1922 June 18 260" 
U.T. 7 : 25 -Mar 16 M.D. Y 

12. 1928 Dec 29 A24 5 
Sept 28 M. D. Y 

2 
F i g .  17. Pronounced sccular changes in t h e  'I 'holh-Ncpenthcti region 



Fig. 18, Spectra  of the Sun and Mars recorded at Mt. Palomar in 
October  1958 . 36 



? ' .  
..'. 

f 

-3 c7.. 
a.2 I p 

08109 M. S.T. 3.v 
I 1- , AIR MASS =3.00 

1 & (MM PRECIPITABLE WATER) =30 
WATER VAPORaIN PATH 

IO: 22 M.. ST.  
AIR MASS = 
WATER WAPOR IN PATH 
(MM PRECtPITABLE WATER) = 15 v \I 

Fig. 19- Spectra of t h e  Sun recorded at Denver on May 12, 1955 . 37 
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Fig.  23. The polarization vs. phase  angle  for  the  Martian  bright  areas.  

a - observed;  b, c - derived for atmospheres  containing aero- 
sole of different  distributions; d - pulverized  limonite . 46 
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Fig.. 24, The laboratory spectrum of pulverized  limonite  samples , 45 
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Fig.  25. Observed  temperatures at the height of the darkening  wave. 
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Fig.  26. A stereographic projection of presumed Martian volcanoes. 
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