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A	
  Li%le	
  History	
  

Percival	
  Lowell	
  thought	
  that	
  Mars	
  was	
  inhabited	
  
and	
  that	
  the	
  canals	
  were	
  a	
  from	
  a	
  civiliza=on	
  
a>emp=ng	
  to	
  channel	
  water	
  to	
  their	
  ci=es.	
  
	
  
The	
  belief	
  that	
  intelligent	
  life	
  existed	
  on	
  Mars	
  
was	
  so	
  pervasive	
  in	
  our	
  society	
  that	
  H.	
  G.	
  Wells’	
  
“War	
  of	
  the	
  Worlds”	
  set	
  of	
  a	
  na=onwide	
  panic!	
  

Today’s	
  Wackos	
  

Ci=es,	
  snakes,	
  bones,	
  frogs,	
  squirrels…	
  

The	
  truth	
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Mars	
  Today	
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Mar6an	
  Geography	
  
Mars	
  Today	
  

Mar6an	
  Geography	
  
Mars	
  Today	
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Mar6an	
  Geography	
  
Olympus	
  Mons	
  

Olympus	
  Mons	
  is	
  the	
  biggest	
  mountain	
  in	
  the	
  solar	
  system.	
  

h>p://youtu.be/ySFpJ-­‐clnzU	
  
VIDEO:	
  Olympus	
  Mons	
  2:49	
  

Mar6an	
  Geography	
  
Tharsis	
  Montes	
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Mar6an	
  Geography	
  
Valles	
  Marineris	
  

Valles	
  Marineris	
  stretches	
  the	
  length	
  
of	
  the	
  United	
  States	
  

Mar6an	
  Geography	
  

Southern	
  highlands	
  show	
  erosion.	
  	
  Small	
  number	
  of	
  
craters	
  suggests	
  ground	
  water	
  erosion.	
  	
  The	
  infrared	
  
image	
  above	
  shows	
  strong	
  evidence	
  of	
  river	
  beds.	
  

Southern	
  Highlands	
  

Infrared	
  false	
  color	
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In	
  NORTH	
  

In	
  SOUTH	
   In	
  SOUTH	
  

In	
  NORTH	
  

June-­‐July	
   Dec-­‐Jan	
  

-­‐  Due	
  to	
  the	
  Earth’s	
  =lt	
  (23.5	
  degrees)	
  
-­‐  Earth’s	
  orbit	
  is	
  less	
  than	
  3%	
  eccentricity,	
  so	
  Earth’s	
  

distance	
  to	
  the	
  Sun	
  changes	
  very	
  li>le	
  over	
  its	
  
orbit	
  

Seasons	
  in	
  opposite	
  hemispheres	
  can	
  
be	
  enhanced	
  if	
  the	
  orbit	
  is	
  more	
  
ellip=cal	
  

The	
  Seasons	
  (Earth	
  tutorial)	
  
Mars	
  Today	
  

Seasons	
  in	
  opposite	
  hemispheres	
  can	
  be	
  enhanced	
  if	
  the	
  orbit	
  is	
  
more	
  ellip=cal	
  
	
  

Mars’	
  orbit	
  has	
  9%	
  eccentricity,	
  the	
  means	
  there	
  is	
  a	
  substan=al	
  
difference	
  in	
  the	
  sun-­‐Mars	
  distance	
  over	
  the	
  course	
  of	
  it’s	
  orbit.	
  	
  
This	
  leads	
  to	
  enhanced	
  seasonal	
  varia=ons	
  on	
  Mars.	
  

The	
  Seasons	
  
Mars	
  Today	
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The	
  major	
  observable	
  for	
  Mar=an	
  seasons	
  
is	
  how	
  the	
  polar	
  ice	
  caps	
  behave.	
  
	
  
The	
  polar	
  caps	
  are	
  made	
  mostly	
  of	
  carbon	
  
dioxide	
  ice	
  and	
  some	
  water	
  ice.	
  	
  The	
  carbon	
  
dioxide	
  and	
  water	
  sublimate	
  into	
  the	
  
atmosphere,	
  thin	
  water-­‐ice	
  clouds	
  can	
  form.	
  	
  The	
  
polar	
  material	
  migrates	
  from	
  pole	
  to	
  pole	
  in	
  a	
  
seasonal	
  cycle	
  in	
  this	
  way.	
  

The	
  Seasons	
  
Mars	
  Today	
  

Mar6an	
  Geological	
  History	
  
So	
  	
  li>le	
  is	
  known	
  about	
  Mars	
  that	
  its	
  geological	
  history,	
  which	
  broken	
  into	
  three	
  eras.	
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Climate	
  History	
  of	
  Mars	
  
(where	
  of	
  where	
  has	
  my	
  atmosphere	
  gone?)	
  

Mars	
  used	
  to	
  have	
  a	
  warm	
  climate.	
  What	
  condi5ons	
  would	
  need	
  to	
  be	
  
present?	
  
	
  
1.  	
  For	
  liquid	
  water	
  to	
  have	
  been	
  stable	
  on	
  Mars,	
  the	
  atmospheric	
  pressure	
  would	
  need	
  to	
  be	
  

about	
  3	
  =mes	
  that	
  of	
  today’s	
  Earth	
  
	
  

2.  	
  Greenhouse	
  gases	
  probably	
  contributed	
  (carbon	
  dioxide),	
  but	
  would	
  need	
  to	
  be	
  about	
  400	
  
=mes	
  current	
  level	
  of	
  carbon	
  dioxide	
  

	
  

3.  	
  But,	
  sun	
  was	
  30%	
  as	
  bright	
  during	
  Noachian	
  era,	
  so	
  carbon	
  dioxide	
  alone	
  could	
  not	
  have	
  
kept	
  atmosphere	
  at	
  required	
  level.	
  	
  Addi=onal	
  greenhouse	
  gas?	
  	
  Methane?	
  	
  We	
  do	
  not	
  
know.	
  

	
  

4.  	
  If	
  Mar=an	
  volcanoes	
  outgassed	
  similar	
  to	
  those	
  of	
  today’s	
  Earth,	
  Mars	
  could	
  have	
  been	
  
completely	
  covered	
  by	
  water	
  to	
  a	
  depth	
  of	
  tens	
  to	
  hundreds	
  of	
  meter!	
  	
  Apparently	
  was	
  not.	
  

Fact:	
  liquid	
  water	
  and	
  an	
  atmosphere	
  was	
  present	
  
in	
  the	
  Noachian	
  Era	
  

Why	
  was	
  Mars	
  warmer	
  and	
  we>er	
  in	
  the	
  past?	
  
How/Why	
  did	
  Mars	
  Change?	
  
Is	
  Mars	
  currently	
  Habitable?	
  	
  
Is	
  there	
  evidence	
  for	
  life	
  on	
  Mars?	
  

Important	
  ques6ons	
  

Climate	
  History	
  of	
  Mars	
  
Cooling	
  of	
  Interior	
  and	
  Loss	
  of	
  Magne6c	
  Field	
  

Heat	
  loss	
  through	
  surface	
  of	
  planet	
  -­‐-­‐	
  heat	
  loss	
  rate	
  scales	
  with	
  surface	
  area	
  
Heat	
  content	
  contained	
  in	
  volume	
  of	
  planet	
  –	
  the	
  larger	
  the	
  planet	
  the	
  greater	
  the	
  heat	
  content	
  
The	
  6me	
  dura6on	
  for	
  heat	
  loss	
  depends	
  on	
  surface	
  area	
  to	
  volume	
  ra6o	
  of	
  planet	
  
Larger	
  planets	
  hold	
  their	
  heat	
  content	
  for	
  much	
  longer	
  than	
  small	
  planets	
  in	
  propor6on	
  to	
  the	
  radius	
  

Mars	
  cooled	
  off	
  toward	
  end	
  of	
  Noachian	
  era,	
  core	
  gelled,	
  magne=c	
  field	
  shut	
  down	
  ,	
  
mantle	
  cooled/thickened,	
  volcanism	
  shut	
  down,	
  plate	
  movement	
  shut	
  down.	
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1.  Shock waves from impact blasts (Noachian era) 
2.  Energized to escape speed by solar wind particles 

Once	
  Mars	
  lacked	
  a	
  magne=c	
  field	
  of	
  sufficient	
  strength	
  to	
  “delfect”	
  solar	
  wind,	
  it	
  is	
  believed	
  that	
  the	
  second	
  
process	
  contributed	
  greatly	
  to	
  the	
  loss	
  of	
  the	
  atmosphere…	
  

Loss	
  of	
  Water	
  Vapor	
  

Hydrogen	
  dissociated	
  from	
  oxygen	
  
due	
  to	
  ultraviolet	
  light	
  (because	
  no	
  
ozone	
  layer)	
  …	
  free	
  hydrogen	
  escapes	
  
easily	
  because	
  it	
  has	
  low	
  mass	
  
	
  
The	
  free	
  oxygen	
  had	
  no	
  hydrogen	
  
then	
  to	
  combine	
  into	
  water	
  vapor!	
  
	
  
Rocks	
  on	
  mars	
  were	
  then	
  oxidized,	
  or	
  
literally	
  rusted	
  into	
  their	
  present	
  
orange/red	
  colors!	
  	
  

Climate	
  History	
  of	
  Mars	
  
Cooling	
  and	
  Loss	
  of	
  Atmosphere	
  
No	
  Volcanoes	
  means	
  no	
  con=nued	
  source	
  of	
  greenhouse	
  gases,	
  so	
  if	
  carbon	
  dioxide	
  is	
  lost,	
  then	
  
it	
  cannot	
  be	
  replenished:	
  atmosphere/planet	
  surface	
  will	
  cool.	
  The	
  fate	
  of	
  Mars’	
  carbon	
  dioxide	
  
is	
  not	
  well	
  understood,	
  but	
  two	
  hypothesized	
  mechanisms	
  are…	
  

h>p://www.dailymo=on.com/video/xtvc6k_how-­‐mars-­‐lost-­‐its-­‐atmosphere_tech	
  	
  VIDEO:	
  spu>ering?	
  2:01	
  	
  
h>p://youtu.be/zTAUfXMQgFE	
  	
  VIDIO:	
  due	
  to	
  asteroids?	
  3:48	
  

h>p://youtu.be/q5cAD2MI7mA	
  	
  VIDEO:	
  Death	
  of	
  Mars	
  4:42	
  

Changes	
  from	
  a	
  warm,	
  wet	
  planet,	
  to	
  a	
  cold	
  dry	
  planet	
  
probably	
  occurred	
  at	
  the	
  transi=on	
  from	
  the	
  Noachian	
  to	
  
the	
  Hesperian	
  eras.	
  	
  	
  
	
  
Change	
  was	
  probably	
  not	
  smooth	
  with	
  =me…	
  

Evidence	
  is	
  that	
  mars	
  inclina=on	
  angle	
  (=lt)	
  probably	
  
varied	
  with	
  =me	
  more	
  than	
  Earth’s	
  ever	
  did.	
  	
  Earth	
  
has	
  a	
  stabiliza=on	
  built	
  in…	
  the	
  Moon.	
  
	
  
On	
  Mars,	
  this	
  affected	
  mel=ng/sublima=on	
  of	
  polar	
  
caps,	
  causing	
  episodes	
  where	
  atmosphere	
  was	
  
thicker	
  in	
  water	
  and	
  carbon	
  dioxide	
  (high	
  
inclina=on,	
  a)	
  and	
  then	
  episodes	
  where	
  poles	
  froze	
  
over	
  again	
  (low	
  inclina=on,	
  b)	
  and	
  atmosphere	
  then	
  
thinned	
  out	
  via	
  ultraviolet	
  light	
  and	
  solar	
  wind	
  
energy	
  processes…	
  

Climate	
  History	
  of	
  Mars	
  
A	
  rough	
  transi6on-­‐	
  the	
  role	
  of	
  6lt	
  stability	
  

We	
  really	
  don’t	
  know….	
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The	
  hypotheses	
  we	
  have	
  described	
  suggests	
  that	
  Mars	
  changed	
  primarily	
  because	
  of	
  its	
  
rela=vely	
  small	
  size.	
  	
  
	
  
It	
  was	
  big	
  enough	
  for	
  volcanism	
  and	
  outgassing	
  to	
  release	
  plenty	
  of	
  water	
  and	
  atmospheric	
  
gas	
  early	
  in	
  its	
  history,	
  but	
  too	
  small	
  to	
  maintain	
  the	
  internal	
  heat	
  needed	
  to	
  prevent	
  this	
  
loss	
  of	
  water	
  and	
  gas.	
  	
  
	
  
As	
  its	
  interior	
  cooled,	
  its	
  volcanoes	
  quieted	
  and	
  released	
  far	
  less	
  gas	
  into	
  the	
  atmosphere,	
  
while	
  its	
  rela=vely	
  weak	
  gravity	
  and	
  the	
  loss	
  of	
  its	
  magne=c	
  field	
  allowed	
  exis=ng	
  gas	
  to	
  be	
  
stripped	
  away	
  to	
  space.	
  	
  
	
  
If	
  Mars	
  had	
  been	
  as	
  large	
  as	
  Earth,	
  so	
  that	
  it	
  could	
  s=ll	
  have	
  outgassing	
  and	
  a	
  global	
  
magne=c	
  field,	
  it	
  might	
  s=ll	
  have	
  a	
  pleasant	
  climate	
  today.	
  	
  
	
  
Mars’s	
  distance	
  from	
  the	
  Sun	
  also	
  helped	
  seal	
  its	
  fate:	
  Even	
  with	
  its	
  small	
  size,	
  Mars	
  might	
  
s=ll	
  have	
  some	
  flowing	
  water	
  if	
  it	
  were	
  significantly	
  closer	
  to	
  the	
  Sun,	
  where	
  the	
  extra	
  
warmth	
  could	
  melt	
  the	
  water	
  that	
  remains	
  frozen	
  underground	
  and	
  at	
  the	
  polar	
  caps.	
  	
  
	
  

Climate	
  History	
  of	
  Mars	
  
A	
  Summary	
  

Is	
  Mars	
  Habitable?	
  
Young	
  planet	
  probably	
  was	
  as	
  habitable	
  as	
  Earth	
  during	
  life	
  forma=on	
  periods.	
  If	
  life	
  “took”	
  then	
  
extremophiles	
  could	
  s=ll	
  persist.	
  	
  But	
  these	
  would	
  be	
  of	
  the	
  cold	
  variety,	
  not	
  the	
  high	
  temperature.	
  
	
  
Today,	
  it	
  depends	
  upon	
  the	
  presence	
  of	
  liquid	
  water.	
  	
  This	
  water	
  is	
  probably	
  located	
  in	
  small	
  
underground	
  reservoirs.	
  	
  If	
  they	
  exists,	
  then	
  Mars	
  sa=sfied	
  all	
  three	
  criteria	
  required	
  for	
  habitability:	
  
elements,	
  energy,	
  and	
  water.	
  	
  	
  Mars	
  life	
  in	
  Caves?	
  

"We	
  have	
  thought	
  about	
  what	
  the	
  life	
  might	
  look	
  like	
  on	
  the	
  surface	
  [of	
  other	
  
worlds],	
  but	
  in	
  light	
  of	
  the	
  huge	
  biodiversity	
  of	
  microorganisms	
  in	
  the	
  subsurface	
  of	
  
Earth,	
  the	
  subsurface	
  in	
  general	
  and	
  caves	
  in	
  par=cular	
  will	
  be	
  an	
  important	
  place	
  to	
  
look	
  for	
  life	
  on	
  other	
  bodies.	
  I	
  believe	
  that	
  there	
  may	
  be	
  many	
  planets,	
  including	
  
Mars,	
  where	
  the	
  only	
  life	
  on	
  the	
  planet	
  will	
  be	
  restricted	
  to	
  the	
  subsurface."	
  	
  

Cave	
  Research	
  

Penny	
  Boston	
  (NMT)	
  and	
  Diana	
  Northup	
  
(UNM),	
  caving	
  for	
  studying	
  cave	
  
ecosystems.	
  

h>ps://www.youtube.com/watch?v=XRCIzZHpFtY&spfreload=10	
  
	
  

How	
  to	
  Send	
  an	
  Experiment	
  to	
  Mars?	
  	
  6:32	
  

What	
  Needs	
  to	
  be	
  Figured	
  Out	
  to	
  Send	
  Humans	
  to	
  Mars?	
  10:01	
  
-­‐	
  A	
  rapid	
  fire	
  10	
  minute	
  lecture!!!	
  
h>ps://www.youtube.com/watch?v=vw09bLwd3Ak&spfreload=10	
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The	
  Viking	
  Experiments	
  1977	
  

1.  Carbon Assimilation Experiment 
2.  Gas Exchange Experiment 
3.  Labeled Release Experiment 
4.  Gas Mass Spectrometer Experiment 

Each	
  of	
  these	
  four	
  experiments	
  tested	
  for	
  life	
  in	
  
the	
  Mar=an	
  soil.	
  
	
  
The	
  loca=on	
  was	
  no	
  ideal,	
  but	
  having	
  the	
  lander	
  
set	
  down	
  safely	
  was	
  a	
  primary	
  considera=on…	
  

UPSHOT: no evidence for life, but there was 
a big surprise that at first made it appear 
that there might be life.   

 
1.   no life 
2.   no life 
3.   hmm, could be life 
4.   no, 3 was not life 

1.	
  Carbon	
  Assimila6on	
  

4.	
  Gas	
  Mass	
  Spectrometer	
  2.	
  Gas	
  Exchange	
  

3.	
  Labeled	
  Release	
  
Mixed	
  Mar=an	
  soil	
  with	
  Earth’s	
  carbon	
  dioxide	
  and	
  
carbon	
  monoxide,	
  tagged	
  with	
  carbon-­‐14	
  
	
  
Hypothesis:	
  If	
  incorporated	
  into	
  the	
  soil,	
  then	
  living	
  
creatures	
  used	
  ingested	
  gas	
  as	
  source	
  of	
  carbon	
  in	
  
their	
  metabolism	
  
	
  
Result:	
  carbon-­‐14	
  was	
  incorporated	
  into	
  soil!	
  
	
  
Axer	
  hea=ng	
  soil	
  (to	
  kill	
  possible	
  life	
  forms	
  before	
  
exposing	
  to	
  carbon-­‐14)	
  and	
  rerunning	
  the	
  
experiment,	
  the	
  carbon-­‐14	
  was	
  s=ll	
  incorporated	
  
	
  
NO	
  LIFE	
  	
  

Mixed	
  Mar=an	
  soil	
  with	
  “broth”	
  of	
  organic	
  
molecules	
  brought	
  from	
  Earth	
  
	
  
Hypothesis:	
  	
  Release	
  of	
  	
  gases,	
  including	
  oxygen,	
  
would	
  indicate	
  respira=on	
  from	
  microbes	
  
	
  
Result:	
  oxygen	
  was	
  released	
  into	
  the	
  chamber!	
  
But	
  us	
  happened	
  in	
  the	
  dark	
  too	
  (not	
  
photosynthe=c)	
  
	
  
Axer	
  hea=ng	
  soil	
  (to	
  kill!)	
  and	
  rerunning,	
  the	
  oxygen	
  
was	
  s=ll	
  released.	
  	
  Also	
  happened	
  when	
  soil	
  exposed	
  
only	
  to	
  water	
  vapor.	
  
	
  
NO	
  LIFE	
  	
  

Mixed	
  Mar=an	
  soil	
  with	
  organic	
  nutrients	
  from	
  Earth	
  
tagged	
  with	
  radioac0ve	
  carbon-­‐14	
  and	
  sulfur-­‐35	
  
	
  
Hypothesis:	
  If	
  nutrients	
  metabolized	
  via	
  respira=on,	
  then	
  
radioac=vity	
  would	
  rise	
  as	
  radioac=ve	
  gasses	
  released	
  into	
  
chamber	
  and	
  then	
  level	
  off	
  as	
  consumed	
  
	
  
Result:	
  Radioac=vity	
  rised	
  and	
  then	
  leveled	
  off!	
  
	
  
Axer	
  hea=ng	
  soil	
  (to	
  kill),	
  the	
  radioac=vity	
  did	
  not	
  rise!	
  	
  As	
  
expected	
  if	
  life	
  killed	
  before	
  mixing	
  soil!	
  
	
  
HMMM,	
  COULD	
  BE	
  LIFE	
  	
  

Not	
  really	
  for	
  tes=ng	
  for	
  life,	
  but	
  to	
  measure	
  abundance	
  of	
  
Mar=an	
  organic	
  molecules,	
  which	
  could	
  have	
  been	
  seeded	
  
by	
  meteorite	
  impacts	
  
	
  
Axer	
  hea=ng	
  soil	
  (to	
  break	
  up	
  organic	
  molecules	
  and	
  
vaporize	
  them),	
  the	
  vapor	
  was	
  sent	
  through	
  a	
  gas	
  
chromatograph	
  (separator),	
  and	
  then	
  a	
  mass	
  spectrometer	
  
(iden=fier)	
  	
  
	
  
Result:	
  no	
  organic	
  molecules	
  (just	
  solvent	
  from	
  Earth	
  used	
  
to	
  clean	
  the	
  instrument!)	
  	
  
	
  
	
  
SOIL	
  DOES	
  NOT	
  CONTAIN	
  LIVING	
  ORGANISMS	
  
NULLIFIED	
  LABEL	
  RELEASE	
  POSSIBILITY	
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The	
  Story	
  of	
  ALH84001	
  
(Allen	
  Hills	
  region,	
  1984,	
  first	
  one	
  found)	
  

Volcanic	
  rock	
  that	
  formed	
  3.9	
  billion	
  years	
  ago	
  
Spent	
  16	
  million	
  years	
  wandering	
  solar	
  system	
  
Lands	
  on	
  Earth	
  13,000	
  years	
  ago	
  
	
  
Sat	
  in	
  a	
  lab	
  for	
  10	
  years	
  before	
  being	
  studied!	
  

Was	
  once	
  infiltrated	
  by	
  liquid	
  water	
  

Carbonate	
  globules	
  have	
  
alterna=ng	
  layers	
  of	
  
magnesium,	
  iron,	
  and	
  
calcium-­‐rich	
  carbonates.	
  
	
  
This	
  is	
  found	
  on	
  Earth	
  due	
  to	
  
biological	
  ac=vity	
  
	
  
These	
  contain	
  polycyclic	
  
aroma=c	
  hydrocarbons	
  –	
  but	
  
can	
  have	
  biological	
  and	
  non-­‐
biological	
  origins	
  

In	
  iron	
  rich	
  layers,	
  crystals	
  of	
  
magne=te	
  are	
  found	
  similar	
  in	
  
size	
  and	
  shape	
  to	
  those	
  made	
  by	
  
bacteria	
  on	
  Earth	
  

Rod-­‐shaped	
  structure	
  with	
  segments	
  
were	
  found	
  in	
  images	
  of	
  the	
  rock	
  
	
  
Look	
  like	
  ordinary	
  Earth	
  bacteria	
  but	
  100	
  
=mes	
  smaller	
  
	
  
Could	
  be	
  “nanobacteria”	
  or	
  “nanobes”	
  
as	
  recently	
  discovered	
  on	
  Earth	
  (but	
  
these	
  new	
  “organisms”	
  are	
  not	
  known	
  to	
  
be	
  living,	
  though	
  appear	
  to	
  contain	
  DNA)	
  


