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I. Introduction: Heretofore Unexplored Region and Element 

A Mars North Pole Water Ice Cap Mission, featuring a lander specifically designed to land on 
the north polar ice cap in the northern summer, is presented. The Mars north pole ice cap is about 
1000 km in diameter during the northern summer, and contains about 1.5 km3 of water ice. Mars 
polar water ice, without a carbon-dioxide ice covering in the summer, is a here-to-fore 
unexplored element in an unexplored region of Mars. Mars water ice is also a resource from 
which both crew consumables, fuel cell reactants, and rocket propellant can be derived. 
Exploration, characterization, acquisition and use of this resource, taken and used in its native 
environment would give a unique and science rich  glimpse into this mysterious region and 
typology. Also, demonstration of the technologies, techniques, and operations necessary to the 
accumulation, examination and use of these resources may pave the way for reducing the amount 
of cargo launched from Earth in support of Mars surface crews and their operations in the future.  
Exploration of the north pole water ice cap would open a new vista of scientific exploration – of 
acquiring and using extraterrestrial water. This Mars North Pole Water Ice Cap (MNPWIC) 
mission activity will open up the frontier to this exciting, and heretofore unexplored, region of 
Mars.  Systems delivered will explore the surface, atmosphere, precipitation, and weather; the 
mission includes drilling, taking cores from various depths, acquiring samples (of ice, soil), 
extract, electrolyze and store water and both gaseous and liquid oxygen (LO2), and gaseous 
hydrogen. The mission will include the pumping and transfer of liquid water and LO2.  
 

II. Future Mars Missions and Consumables: Water Extremely Useful to Explorers 
Mars Crewed missions will require consumables for the crew while on the surface. These 
consumables include water for crew use, hydrogen and oxygen for powering rovers, as well as 
oxygen for breathing, and oxygen as propellant for the crew’s Mars Ascent Vehicle (MAV).  For 
a typical Mars conjunction mission opportunity, crews of 5 to 6  persons would live and work 
on the surface of over 500 days; and thus a significant mass of consumables would be required. 
These would have to be transported to Mars from Earth, unless these consumables could be 
readily provided on the surface of mars, in a form that can be easily accessible. Such a cache is 
in fact available directly on the surface, and is easily accessible. Mars north polar ice cap is 
mostly water ice, and it contains about 1.5 km3 of water ice. 
  Water is extremely useful to explorers; especially future Mars explorers. The extracted water 
can be used for drinking, fool preparation, washing, cooling for future crew. The LH2 and LO2 
generated via electrolysis, could be used as reactants for fuel cells, providing electrical power to 
a Mars surface rover, to a Mars Surface habitat and a MAV. LO2 would be the oxidizer for the 
MAV, for methane/oxygen propulsion systems typically selected for crewed MAV propulsion 
systems, most of the vehicle is propellant, and most of the propellant is LO2. As mentioned 
previously, the crew’s long duration surface habitat must carry enough consumables to maintain 
the crew for over 500 days. With 5 crew, the amount of water required for ECLSS, drinking and 
for washing can be on the order of 8,600 lb (3,900 kg), assuming about 3.0 lb of water per day 
per crew member over the course of 550 days with 5% reserves. The ability to readily collect 
water would significantly improve the likely hood of a successful Crewed Mars Mission. With 
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these facts in mind, a mission is presented that has as its primary objective the landing of a large 
robotic lander that carries the equipment necessary to demonstrate the accumulation of water 
directly from water ice deposits on the surface of Mars. Once water ice is obtained the various 
storage, pumping and electrolysis activities are carried out. This mission will demonstrate the 
ability to collect, store, maintain and distribute water, hydrogen and oxygen (in its liquid and 
gaseous forms). These demonstrations are directly applicable to follow on crewed Mars 
missions. 
 

III. Mars North Polar Ice Cap 
From Ref. 2: “..During each year on Mars as much as a third of Mars' thin carbon dioxide (CO2) 
atmosphere "freezes out" during the winter in the northern and southern hemispheres. The ice cap 
in the north is of a lower altitude than the one in the south and also warmer, so all the frozen carbon 
dioxide disappears each summer. The part of the cap that survives the summer is called the north 
residual cap and is made of water ice. This water ice is believed to be as much as three kilometers 
thick. The much thinner seasonal cap starts to form in the late summer to early fall when a variety 
of clouds form. Called the polar hood, the clouds drop precipitation which thickens the cap. The 
north polar cap is symmetrical around the pole and covers the surface down to about 60 degrees 
latitude.” 

 
 
From Ref 3: “…Using a special infrared camera aboard the Mars Odyssey orbiter, researchers 
snapped a thermal image of the Martian north pole, digitally colored to highlight the wide-ranging 
temperatures there. Areas tinted in blue represent colder regions, while warmer areas are tinted in 

Fig. 1.  Mars North Pole As Seen From Mars Odyssey Orbiter (NASA/ JPL/ Caltech/ ASU) 
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yellow and orange, according to a NASA statement. In the image above -which covers an area of 
the pole about 30 km wide —vast sand dunes line up in golden drifts, warmed by the sun on one 
side and chilled in the darkness on the other.” 

 
 
Fig. 3 is from Hubble Space Telescope views taken in 1996 and 1997; from Ref 4:  “..October 
1996 (early spring in the Northern hemisphere): In this map, assembled from images obtained 
between Oct. 8 and 15, the cap extends down to 60 degrees N latitude, nearly it's maximum winter 
extent. The cap is actually fairly circular about the geographic pole at this season. 
 January 1997 (mid-spring): Increased warming as spring progresses in the northern 
hemisphere has sublimated the carbon dioxide ice and frost below 70 degrees north latitude. The 
faint darker circle inside the cap boundary marks the location of circumpolar sand dunes; these 
dark dunes are warmed more by solar heating than are the brighter surroundings, so the surface 
frost sublimates from the dunes earlier than from the neighboring areas. This map was assembled 
from images obtained between Dec. 30, 1996 and Jan. 4, 1997. 
 March 30, 1997 (early summer): The cap has fully retreated to its remnant core of water-
ice. This residual cap is actually almost cut into two by a large, horn-shaped canyon called Chasma 
Borealis which is cut deeply into the polar terrain. The HST images also reveal a curious layered 
terrain which is evidence of past climatic changes on Mars. The sublimation of all of the carbon 
dioxide has exposed the ring of dark sand dunes which encircle the North Polar Cap. Outliers of 

Fig. 3.  Mars North Pole As Seen From Hubble Space Telescope (HST) (JPL/ Caltech) 
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ice persist south of the polar sand sea (between the 3 and 9 o'clock positions). The bright circular 
features at 3, 6, and 9 o'clock are ice-filled craters. The resolution at the North Pole ranges from 
about 115 km/pixel in October 1996 to about 45 km/pixel in March 1997…” 

 
 
 
Fig. 4 taken by ESA Mars Express spacecraft. Ref. 5 States: “…These images show clouds of dust 
over our planetary neighbor’s northern polar ice cap. They were acquired by the High Resolution 
Stereo Camera (HRSC), which is operated by the German Aerospace Center (Deutsches Zentrum 
für Luft- und Raumfahrt; DLR) and has been orbiting Mars on board the ESA Mars Express 
spacecraft since 2004.  
 Like Earth, Mars has seasons. The Red Planet's polar axis is inclined at around 25 degrees, 
roughly the same as Earth's tilt. As such, Mars has the equivalent of our polar nights, without any 
sunlight in winter, and an Arctic or Antarctic summer, when the Sun does not set for months. 
Temperatures during the night and day vary just as dramatically on Mars, which affects the ice 
cover. The appearance of Mars' north polar ice cap changes constantly over the course of a year. 
During the summer half, we see a permanent ice cap, part of which can be seen in this image. It 
essentially consists of water ice and has a diameter of approximately 1100 kilometers. It is 
estimated to have a volume of 1.6 million cubic kilometers, which equates to slightly over half the 
Greenland ice sheet, and is over two kilometers thick in places. Almost no impact craters can be 
seen on the ice, which indicates that the polar cap in its current form is not particularly old…” 
 

IV. Mars North Pole Water Ice Cap Lander 
A Mars Polar Lander (MPL) is specifically designed to land on the north polar ice cap during the 
Martian northern summer. Post aero entry and aeroshell jettison, the MPL does its terminal decent 
burn propulsively. Eight side mounted engines are used. MPL is powered by an RTG system, and 
may include solar panels for added power. MPL’s side mounted engines allow the bottom center 
of the lander to house the drill, mechanisms, scientific payloads and other equipment. The mid-
center portion contains the water, oxygen and hydrogen tanks, lines, valves, controls, sensors, 

Fig. 4.  Mars North Pole As Seen From ESA Mars Express (ESA/DLR/FU Berlin, CC BY-SA 3.0 
IGO) 
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thermal and other equipment. A 
externally mounted arm is also on 
board (not shown). Significant site 
exploration and science is carried out, 
and various ice cores are acquired, and 
characterized. Robust scientific 
equipment in on board for a variety of 
tasks and significant, high science 
value task are conducted. The Mars 
North Pole Water Ice Mission system 
is a science platform for characterizing 
the surface, atmosphere, and weather 
cycles at the pole, and its rover extends 
its exploration capability. Also, 
technologies, techniques and 
operations are validated, that will 
enable the carrying out of future 
crewed Mars mission planning with 
more clarity, purpose and certainty 
 
 

Summary 
The Mars North Pole Water Ice Mission provides high value science and a most interesting 
region and acquires the rarest of space commodities – extraterrestrial water. Later crewed 
Mars missions will be enabled by this mission. The ability to relatively easily access and 
distribute Mars water and its constituents: oxygen and hydrogen, would serve as a key 
stepping stone for later crewed missions requiring large amounts of water and oxygen.  
 

Fig. 5. (Top and Bottom) View of the MPL Lander  
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