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Background	  
• Rock	  facies	  indicate	  glacial	  formaNons	  on	  Mars	  
• Some	  speculate	  the	  obligatory	  pa3erns	  of	  the	  
orbit	  
• Uneven	  orbit	  causes	  the	  glaciers	  to	  advance	  and	  
recede	  



Hypothesis	  
How	  is	  the	  evidence	  of	  glaciers	  distributed	  around	  
Olympus	  Mons?	  

(Edu-‐net,	  2012)	  



Lobes	  

	  
•  Ice	  and	  debris	  features	  	  

•  DisNncNve	  ‘tongue’ shape	  

•  DisNnguishable	  from	  lava	  
flows,	  etc.	  by	  shape,	  features,	  
dimensions.	  

Aerial	  photo	  of	  Canadian	  protalus	  
lobes	  from	  a	  rock	  glacier.	  



Lobes,	  contd.	  

Map	  of	  MarNan	  lobate	  deposits,	  likely	  the	  remnants	  of	  a	  Piedmont	  glacier.	  



Glacial	  Ridges	  on	  Mars	  

•  Large	  deposits	  of	  sediment	  and	  glacial	  Nll,	  scraped	  up	  
by	  forceful	  movement	  of	  glaciers	  

•  Similar	  to	  Terrestrial	  moraines	  



Alcoves	  

h3p://ars.els-‐cdn.com/content/image/1-‐s2.0-‐S0019103505004963-‐gr003.jpg	  

•  Theater	  shaped	  	  
•  Found	  on	  basal	  
escarpment	  
•  Lobes	  found	  below	  
formaNon	  	  	  
•  Large	  moraines	  
and	  scarps	  	  



Cones	  
• Talus	  Cone	  –	  a	  sloping	  apron	  of	  rocks	  

	   	   	   	   	   	  along	  the	  base	  of	  a	  cliff	  

Glacier	  NaNonal	  Park	  in	  Canada	  

Olympus	  Mons,	  Mars	  

1.	  

2.	  
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Mound-‐and-‐Tail	  Terrain:	  
•  Break-‐up	  of	  terrain	  into	  closely-‐spaced	  and	  elongated	  mounds.	  	  
•  Typically	  30-‐50m	  long.	  	  
•  Steep	  up-‐glacier	  facing	  core	  and	  a	  shallow	  elongated	  tail.	  
•  Hellas	  PlaniNa	  Mounds.	  
•  Found	  in	  the	  glacier-‐like-‐form	  basin.	  
•  Similar	  in	  look	  to	  Drumlins	  on	  Earth.	  



Lineated	  Valley	  Fills	  
•  DisNnguished	  by	  a	  conNnuaNon	  of	  ridges	  in	  
the	  topography	  that	  have	  a	  single	  direcNon	  of	  
flow	  

•  “Found	  in	  Constrained	  Valleys”	  (Dickson,	  
Head,	  and	  Fasset,	  2012)	  

(Farien	  et	  al,
2012)	  



Troughs	  (U-‐Shaped	  Valleys)	  
• Iden1fying	  features	  
of	  glacia1on	  appear	  
to	  be	  located	  within	  
troughs	  
• Troughs	  are	  located	  
down	  from	  cirques	  
• Troughs	  can	  only	  be	  
created	  by	  glaciers	  



Knobby	  Facies	  
• Caused	  by	  SublimaNon	  Nlls	  	  
• Located	  before	  ridged	  facies	  
• Are	  a	  sign	  of	  cold	  based	  glaciers	  	  
• Similar	  to	  the	  AntarcNc	  cold	  based	  glaciers	  	  

A)	  Geologic	  sketch	  of	  Arisa	  Mons.	  Knobby	  facies	  indicated	  by	  le3er	  K	  and	  ridged	  facies	  by	  
le3er	  R.	  B)	  Ridged	  facies	  seen	  on	  Mars.	  Photos	  from	  Cold-‐based	  mountain	  glaciers	  on	  Mars:	  
Western	  Arisa	  Mons	  by	  James	  Head	  &	  David	  Marchant	  



FormaNon	  of	  Knobby	  Facies	  

	  
	  

Photo	  credit:	  www.sciencedirect.com	  

	  



Scaly	  Terrain	  

•  Land	  has	  a	  “scale”	  like	  
pa3ern.	  The	  scales	  are	  
5-‐6	  sided	  and	  are	  10-‐20	  
meters	  across.	  	  

•  The	  scales	  have	  1-‐3	  
upslope	  facing	  edges	  
that	  are	  raised	  and	  a	  
body	  that	  dips	  down	  
slope.	  This	  creates	  
cracks	  between	  the	  
adjacent	  scales.	  	  



Scaly	  Terrain	  ConNnued:	  

•  Similar	  to	  thermally	  
cracked	  periglacial	  
surfaces	  found	  on	  Earth	  
and	  other	  areas	  on	  
Mars.	  

•  Periglacial	  terrain	  
originally	  referred	  to	  
land	  that	  lies	  around	  an	  
ice	  sheet.	  Now	  it	  is	  land	  
that	  is	  or	  has	  been	  
affected	  by	  intense	  
frost	  or	  permafrost.	  

•  Permafrost	  is	  known	  to	  
make	  polygons.	  



Impact	  Craters	  (IC’s)	  

•  Examined	  in	  order	  to	  gain	  a	  concept	  of	  Nme	  scale	  by	  
observing	  the	  total	  quanNty	  of	  IC’s	  present	  in	  a	  defined	  
area	  in	  comparison	  to	  another	  

•  Process	  called	  “Crater	  CounNng”	  



Methods:	  
•  Base	  map	  from	  JMARS.	  
•  Our	  class	  is	  focusing	  on	  the	  

area	  beyond	  the	  
escarpment	  of	  Olympus	  
Mons.	  

•  Each	  student	  becomes	  a	  
specialist	  on	  a	  specific	  
glacial	  feature.	  	  



Methods,	  contd.	  

	  
•  Each	  student	  will	  add	  manually	  marks	  to	  the	  
base	  map	  as	  features	  of	  interest	  are	  found	  in	  
THEMIS	  images	  

•  Finally,	  findings	  will	  be	  transcribed	  on	  a	  new	  
map	  created	  in	  Adobe	  Illustrator	  



Base	  Map	  

Image	  captured	  from	  JMARS	  

230°	  220°	  

20°	  N	  



Base	  Map	  

h3p://marsprogram.jpl.nasa.gov/gallery/atlas/images/3dom.jpg	  
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DisseminaNng	  our	  Research:	  

•  Accessible	  through	  our	  school	  website	  for	  
other	  students.	  

•  PresentaNon	  at	  CNY	  Earth	  Science	  Student	  
Symposium-‐April	  12,	  2013.	  

•  Large	  presentaNon	  of	  research	  displayed	  in	  
the	  Hobart	  and	  William	  Smith	  Geoscience	  
Department.	  
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