A Theory ofl erraformingMarsin Fifty Years
ByGreg M. Orme andeRer K. Ness

Introduction

The main inspiration forhis paper was research done on Polaaler on Mars. This led to
a theory which can be seen by gotoghttp://www.harmakhis.organd readngthe History
of Mars The Origins of Valles Marineaad TheOrigins of Solis Planum

The theoryof these paperss that the Argyre impact was at a very shallow impact and its
shock wavdravelled partially along the Martian surface orttee South Pole of Mars at the
time. This led to the Pole melting and the faation of Tharsis Montés Valles Marineris
and Olympus Mons

It may also béhat the same kind of meteor impact could be used today to terraform Mars.
The advantage of this method is (if the History of Mars theory is correct) we can see what
the effects ofa similarmeteor hadin the past So by recreating this event at one of the
current Martian poles we might expea similar sequence of events as happened then. This
might include melting both poles and forming a liquid water ocean, and increasing the
atmospheric pressure by outgassing from volcanoes as well as sublimated CO2 from the
Poles.

Discussion

The basis of this terraforming would be to duplicatsimilar event tadhe Argyre impact on
Mars. Normally when a meteor hits Mars the shock wave goesimground in the

direction the meteor was travelling, and the heat from the impact warms deep down where
the energy is wasted for terraforming. Also if the objective is to form volcanoes to heat
Mars then the shock wave underground is not useful for #isishe heat energy from the
impact normally stays underground

A shockwave is strongest in front of a moving object. For example if a moving car uses its

hornthe sound waves have more energy as well as being higher in frequrethey

direction of motim of the carthan behind it. The differenceith a shallow impacis tha

the shock wave conis strongest irthe direction the meteor is movingnd because the
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part of the shockwave is above ground and part is below gréutierefore part of the
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shockwave travels on the surface. The outline @f ghock wave mightavebeen asshown

in Figure 1While the angle of impact is not known exactly it should be able to dr&ed

out from geological data around the impact site, assuming this theory is correct. So an
observer might have seen the Argyre meteor coming from low on the horizon and strike a
glancing blow on impact.

Peak shock pressure contours in the plane of impact (i.e., the plane perpendiculartéogbesurface that includes the projectile's line of
flight) for the various simulations. A projectile 10 km in diameter is drawn for scale. The vectors from the center ofetteoshow the
direction of impact for the various oblique impact simubeit.
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The redder area indicates the groudntains less water ice. This radiates out from the
Argyre impact crater and the length of this redundary is more than thdiameter of Mars.
The blue area at the Soutlole by contrast contains large amounts of i€&e shallow
impact caralsobe seenin Figure Z, where a reddish drier area again radiates out from
Argyre crater.

®http://mars.jpl.nasa.gov/og 3
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Figure 2

In Figure3® the blue area is again drier, shown as radiating out from Argyre Crater.
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Fig 4 Mud-lantude map of 5L, The units are cm™/g. A
contour of topography at 0 km elevation 1s supennmposed on

the map

Figure 3

It is proposed thatthe strongest part of the shock wawem ArgyreCraterwas in the
direction of its motion, probably towards Olympus Mons. Wésmedand dried theground
in a fan shaped areeomprising Solis Planum, Tharsis Mordaad Olympus Mons enough to
drive somewater out of it, so it was likely hatt than thesublimationtemperature of water
for the air pressure at that timeA similar smaller dried area also radiates out from Hellas
Crater indcating it may also have beershallow impact, though not as great as Argyre.

For this kind of terrafornmg of Mars to be done by us the size of the asteroid and its speed
would have to be selected carefully. As can be seen here an enormous amount of energy
was added to this area of ground, and this would be needed to heat the ground without
blowing off largepieces of Mars rubble which might threaten to hit Earth later. So the angle
of impact would have to send this debris outwards in the solar system, which may have

® http://www.Ipi.usra.edu/meetings/sixthmars2003/pdf/3253.pdf
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been how some of the comets were formed in the pastr example rocks from the Argyre

and Fellas impact may have reached escape velocity and have gone into an elliptical orbit
out of the solar systertike some comets. Since Argyre may have impacted near a Pole some
of these rocks might contain large amounts of ice, as seen in some comets.

Heatirg such a large portion of the Martian surface hot enough to drive water out of it can
translate to more heat in the atmosphere, which gives a window of opportunity for
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as mass times velocity, but it also comes from opening up fractures and rifts and allowing

hot magma from underground up to the surface. So a shallow impact if it creates enough
fractures can release far more energy than just from the impact itself.

In the History of Mas there was theorized to be @R® in the areashown in Figure 4

© http://www.aas.org/publications/baas/v31n4/dps99/40.htm

A study of martian irpact craters with fluidized ejecta morphologies has revealed that the area south of the Valles Marineris canyon
system may contain a large nesuirface volatile reservoir. The area is located in the Solis Planum regieBG80S0WWO0W). An analysis
of craters displaying the single lobe (SL) ejecta morphology found that the onset diameter for these craters is between 3 km,and 5
compared to the 5 km to 6 km onset diameters found for this morphology throughout most of the martian equatorial regiuritifire.

30 degrees north and south of the equator). This is the largest area of sielenormal onset diameters found in our study of the
equatorial region. In addition, analysis of the distribution of multiple lobe (ML) ejecta morphologies alstesmdi¢agher than normal
abundance of craters with this morphology in the Solis Planum region. A global study by Barlow and Bradley (lcarus %6877 %p
1990) found a strong correlation among latitude, diameter, and ejecta morphology, which isteatwith the proposed distribution of
subsurface volatiles based on geothermal and hydrologic models. Acording to the Barlow and Bradley model, SL morphdidgies res
impact into ice while ML morphologies result from excavation into ligigd reervoirs. Our current study suggests that the-iah layer
producing the SL morphology lies closer to the surface (<300 to 500 m) in the Solis Planum region than elsewhere irottze exgian
(~520572 m) and that an underlying liquid reservoir, whroduces the ML morphologies, has been present since the region formed in
the Hesperian.
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Figure 4

The shock wave was aimed at the South Pole of Matkat time,so the redde highe
areas showrnn Figure 4 would have been caused by volcanic activity from the impadhe
History of Marsand other papers mentioned earlier propose, theld®movedeastwardto
Meridiani Plaum, then Southto Hellas Crateand eventually to its current positioithus
this single impact may have caused the Pole to move over muela. So thisvould also
actto spread more wateoverthe planet because the Pole changes the terrain asoives
and water from the Polenelts behind itUsing a similar impact to terraform Mars might
also cause Polar Wander and spread more water around Mars.

Theheat from theArgyre impact directed a&he Polewould have melted the water and CO2
on it, and agproposed inthe History of Margpapermuch of this water ran int&€hryse
Planitia We might then expect a similamount of floodwaterfrom a meteor impact aimed
at the current Pole.
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The North Pole might be preferabdes a target for a meteor impact today because
floodwater from the melting Polevould go into a depression called the Northern Lowlands.
So if water catmoveaway from the Ble into a depression then the hotter climate at lower
latitudes will slow down its refreezin@he Pole is higher than the surrounding terrain
because it is built up ice deposited there, so water that melts from the Pole would tend to
sit around it or atower latitudes.

The shock wave conef the terraforming meteor impactvould be similar to those in Figures

2 and 3(the angles of the fan shape would depend on the angle of imp#u) Pole would
tend to retain heafor a long time after the impaandmelt CO2 and water ice that

returned to the Polar cold trap. For example the melted water would create large seas and
the sublimatedCO2 a thickeatmosphereand this would tend to create weather

transporting water vapor back to the Poles. Se tieat fromthe shock wave andrater

there would prevent the Pole reforming for a time, as it may have done after the Argyre
impact.

So to terraform Mars the idea would be to do something similar, to aim a meteor to impact
at a shallow angle near thmurrent NorthPole on Mars so the impact should likely occur at
round 7080 degrees North. Ideally it may be better to aim this shock wave at Ghasm
Borealis.



Figure 5

In Figure She dark ellipsas a suggested location for the meteor impact sdaad the dark
linesshowan estimatedshock wae aimed at the North PoleroundChasma Boreali§.
Melting floodwaters from the Polar ice should fl@&ck down this Chasma onto thetter
impact site. So this floodwater would hit the impact crater and this heat would conver
muchmore of it into steam Ideally there would be a flood of water into the Northern

" http://www.Ipi.usra.edu/meetings/Ipsc2003/pdf/1854.pdf

We note that the build up of C@ost occurs first at the deepest portion of the Vastitas Borealis fotima where the atmosphere is

thickest. It then preceeds poleward through Chasma Boreale (also espanding to the thickest atmosphere at that latitude) eastward
to its head before progeding northward to the pole. This behavior can be explained by the highgfr@Dpoint temperatures (the

temperature at which CQvapor will begin to condense) at the higher pressures that exist within, and just beyond the mouth of Chasma
Boreale.

8 http://www.Ipi.usra.edu/meetings/Ipsc2006/pdf/1363.pdf

Introduction: Chasma Boreale, a large reentrant in the martian North Pole, is distinct from other polar
troughs by its large siznd counterclockwise orientation [5]. The ~ 1300 m deep chasma extends for ~ 500 km from its proposed origin at
85 3N, 2° E and is on average ~ 60 km wide.
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Lowlandsn this areaand the impact crater would continue to boil this water into clouds
and createrain elsewhere on Mar8ecause the Pole is higher than the surrdung terrain,
from its ice sheet, then part of the shock wave above ground would impact the side of this
ice and tend to fragment and melt it.

Elysium Monss one of 3 mountains directlynahe opposite side of Mars to the Argyre
impact, likely formed bgntipodal volcanism. One possiblevent is thataccording to the
History of Mars papers mentioned earligne shock wave from the Argyre impact travelled
through the Martian core and createdfeacturein the ground, releasing magma and
forming these Mountains.

One reason to believe thcurredis that the drier areas from the shockwave radiating out
from Argyreare longr thanthe diameter of MarsSo if a shock wave could travel this far on
the surface it should be able toavel the same distance throughdvs to the other side

So in terraforming Mars a volcano might form near the South Pole opposite thaéYort
impact crater, and this would provide some warming on the South Pole, melting water and
draining into the surrounding lowlands and perhaps Hellas Crater. This heat would also
persist because magma from this volcano would continue to make it growdshtieat to

the area. Also a volcano like this should release gases to thicken the atmosphere further.
Elysium Mons and her two sister volcanoes are quite large and also illustrate the large
amount of additional heating of Mars created by the Argyre imp&otusing the same kind

of impact antipodal heating might be substantial and melt much of the huge ice reserves of
the South Pole, forming a sea in Prometheus Basin.

Meteors

The shallow impact directed at the Martian poles could also be done by severidisma
meteors from different angles. One advantage of this is the effect of each meteor might be

® http://www.grc.nasa.gov/WWW/KL2/MarsV/rania.htm

We decided to further investigate the meteor relationship by calculating the impact energy and mass of Argyre and Efgsitiellas
and Tharsis. Again we found that the impact energy in this case was sufficient to produce the bug&€hmaesfore, if the meteor theory
is correct for HelleS harsis then it is correct for ArgyEysium. If this is so, then crystal thickness of the area can be calculated.

We assumed a direct relationship between the diameter of a crater on Earth arwlusil thickness, using Vredefort in SA as our
example.
Then we imposed this ratio on the crater diameter size on Mars to calculate the crustal thickness.

We calculated that for Argyre and Elysium the crustal thickness was about 60 km. For Helles sisdtTies 200 km. This further
provided us with proof that the meteor theory was correct because of the mialli basin present for ArgytElysium, which was not
present for HellesTharsis due to the thicker crust in the latter case.

Following these inw&igations we were able to conclude that the meteor theory for Mars could have a part to play in producing volcanoes
on Mars.
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checked and subsequent meteors deflected away if not needed or there was too much
effect from previous impacts. Also smaller meteors might be easier to deiflgotthe

desired trajectory. Because the effects on Mars from Argyre may have lasted millions of
years it may only be necessary to create a smaller terraforming effect. Also a smaller impact
and subsequent volcanism might make the planet stable in a shtne.

Theasteroid beltis close to Mars and large asteroids move close &mdvind often impact

on it. The theory requirealteringthe trajectory of oneor moreof these asteroids

sufficiently, to create something similar to the Argyre impact. The Argyre meteor has been
estimated? at araund 900 kilometers in diameter but one much smaller may be all that is
requiredfor terraforming

Basially then, asteroids that pas$ose to Mars would be sueyed, and at least one
selected. Then it would need to have its orbit altered so it would hit Mars like the Argyre
impact, at a shallow angl®roposals including launching rock from such a meteor with rail
guns, nuclear rockets, etc would be use to nuttgemeteor into the right impact angle,
perhaps over several orbits around the Sun.

So the trajectory of the asteroid would be moved, much as we ourselves propose to move
asteroids including preventing one hitting Earth in the future. So again no monadéogy

is required than we ourselves have proposed and plannedfiough the cost of this is well
beyond budgets available at this time

However if the theory is correct Mars might become habitable in as little as 50 years.
Assuming 20 years for chang the orbit of a meteor, in say 6 of its orbits around the sun,

and 30 years for the effects of the impact to stabilizen people might begiriving and
terraforming on the ground in 50 years or less. Once the water and CO2 from the Poles had
melted from the impact this should readyquilibriumwith the hot rock of the impact site

and water returning to the cold trap of the Poles. Over time volcanism would further heat
Mars but settlements could be set far away from these. While some fallout from \a@san
might be dangerous the thicker atmosphere would cause more meteors to burn up in the
atmosphere.

So the initial heat would come from the impact, allowing a window of opportunity to use
plants and algae to create Oxygen from Carbon Dioxide. BecaugerOwpuld never freeze
at the current Martian temperatures the air pressure on Mars would become permanently

10 http:/ivww.Ipi.usra.edu/publications/books/C®54/chapterl.pdf

Fig. 1.9. An ancient multiring (?) impact basin on MarsThe flatfloored Argyre Basin (upper left) (D = 900 km) is

apparently the youngest large impact basin recognized on Mars, but it is still an ancient and heavily eroded strhature that
itself been struck by large projectiles since it formed (e.g., the large crater cutting the basin rim at top). This orbital

panorama shows the smooth floor deposits within the basin and the mountainous nature of the enclosing rim. Because of the
high degree of erosion, the actual diameter of Argyre is uncertain; a minimum diameter of about 900 km is indicated by the
rugged rim shown in this picture, but the existence of additional rings (with diameters of 540, 1140, and 1852 km) has been
suggested. Thenhite streaks above the horizon (upper right) are hazes in the thin martian atmosphere. (Viking

Orbiter image JPLR7022.)
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higher. Then volcanism would add additional heat to the atmosphere, particularly around
the Poles, preventing them from reforming quickly.

Summary

The advantages of thisrraforming theoryarethen as follows:

1. Melting of ice.After the Argyre impact there is good evidence the Polar icecap
melted and the floodwater poured down the future Valles Marineris ikargaritier
Sinus', Xanthe Terra, and @fse PlanitiaThis area haabundant evidencéarge
amounts of wateirflowed there probably from the Pole melting after the Argyre
impact?. So we might expect the ice from the current North Pbieould do the
same, melting and pouring into the Northernidandsaround Arcadia and Acidalia
Planitia This would create an oceHrof ice and water. The melting of much of the

" http:/Avww.nasm.si.edu/ceps/research/grant/grant_margsf

dntroduction: The Margaritifer Sinus region of Mars preserves some of the highest valley network densities on the @lhrietfllarge

northwest draining valley systems, Samara and Patami@ Valles, whose associated basins cover an areadirge®40,000 km2,

dominate regional drainage. These valley systems converge on Margaritifer Basin, a confluence plain shared with-it@dérid@don

Margaritifer Valles mesoutflow system (UHLM) that drains northward from Argyre. Detailed geologicrempghometric mapping of the

Samara and Pararzoire valley systems confirms the timing of incisement and permits evaluation of possible mechanisms for valley
evolution[2,5y 8 ®¢ Wd | & DNI yid azlftftSe 9g@2tdzizary Ay al NBFINRGAFSNI {AydAas

2 hitp:/Awww. Ipi.usra.edu/meetings/Ipsc2001/pdf/1799.pdf
¢éBased on volume estimates of [13] which are based on a 3 km thick ice cap that covered the entire area of the DorsaFmgeatien,

~6.63 x 106 km3 of water could have been released. However, taking into account that the ice thickness very likely dewsaistw:

margins of the ice cap, that the ice cap contained up to 50% sediments, that not all of the melt watérieticke Argyre basin, that large

amounts of ice never underwent melting but sublimed, and that large amounts of water are still stored in the pore spade@tth

Argentea Formation, we calculated that there is probably not enough water to complakéfefArgyre basin due to meltback of a

Hesperian polar cap. We argue that partly filling the Argyre basin with water derived from polar cap meltback is memedileblso
O2yaraitsSyid 6AGK | SEALINRAIY OKLFyYyYyBgeraWodeadilh y3 TN R2gy Ayidz2z GKS ot
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13 http://astrobiology.arc.nasa.gov/newstmandnews.cfm?id=9623

200307-03 | SCIENCE
Mars North Pole Water Stokes Life Hunt

A team of U.S. and Russian scientists may have discovered moreNtzz®morth endthan was previously ideiited at the planet's
south pole The researchers detected large amounts of hydrogen, wdaahbines with oxygen to form wateTtey believe that there is
too much hydrogen for it to be present in any other form than water ice. The discovery means that Mars' north pole mapd@lace
to look for signs of past life.

Life as we know it cannot exist without water, and the seacctwiater on Marss a vital part ofietermining whether or not the planet
could have suppded ancient life

4 http://www.psrd.hawaii.edu/July03/MartianSea.html!
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Proposed Shorelines Arabia and Deuteronilus
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{From Carr and Head, 2003, JGR, 108({E5).5042. doi:10.1028/2002JE001963 2003; Fig. 3.)

The two most continuousantacts, called the Arabia and Deuteronilus shorelines, generally parallel the southern boundary of the
northern plains. The Arabia shoreline can be traced all around the planet except through the Tharsis region. The el¢vatfnabia
contact variedy several kilometers, in some places by 11 kilometers. This large range in elevations does not support a shoreline
interpretation. Features of the proposed shoreline that have been interpreted as formed by wave actions or other marisegzrces
be equally argued as being formed by mass wasting and volcanic processes.

The Deuteronilus contact is more subtle than the Arabia contact but has a smaller range in elevations. For nearlynl#if tite le
Deuteronilus marks the southern extent of the geotognit called the Vastitas Borealis Formation. For the rest of its length it is seen only
intermittently around clusters of hills or across lava flows. There is sparse direct evidence that the Deuteronilussarghotéline, such

as inwardfacing clifs or channels that end abruptly at the contact.

According to the report by Carr and Head clear evidence ofidosathian shorelines around the northern plains is ambiguous. They argue
that some of the previously mapped contacts are clearly of volcam@apthat all have significant variations in elevation, and that there is
no strong support at this time for most of the proposed shorelines. But his does not mean shorelines never existed. Showtiese

marine depositional or erosional features ddinave been obscured or destroyed by later geologic processes such as cratering impacts,
erosion, volcanism, and tectonism. The difficulties in proving the existence of shorelines would appear to weaken theypcehesis,

but Carr and Head show thatgains support from other geologic evidence.

®bid..

To cover all the area now mapped as the Upper Hesperian VBF would take abouf Rri8kdOwater according to Carr and Head's
assessment. Spread over the surface of Mars, this volume is equaldabal lgyer of water (Global Equivalent Layer or GEL) about 156
meters deep.



water ice on the Poles would tend to refill low areas on Mars near them. So the
Northern Lowland®, comprising much of the Northern Hemisphere might be
partially filled with water, some of which might reform as ice, and other aneaser

the impact siteremaining liquid if Mars is warm enough. So the areas near the hot
crater impact would vaporize water forming clouds, rain, etc which would likely
condense in colder areas of Mars as rain or snow. Near the impact crater should be
found liquid water and further away depending on the overall amount of heat
release Salts*” would dissolvén the waterand keep some of it liquid at lower
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http://www.astro.virginia.edu/class/oconnell/astr121/test/marstatusaaas200.html

Analysis of MOLA data has shown conclusively that Mars' northern hemisphere is extremely smooth, one of the smootheseeggions
on any planet. The southern hemisphere, on the other hand, is very randged; Mars is shaped with a gentle slapesh that north is
"downhill" from south on Mars. The north pole of Mars is 6 km lower than the south pole. This is of extreme importance when
consideration is give to the behavior of liquid water on the surface of Mars.

The global maps made of Martiaopiography show what would seem to be a large ocean basin in Mars northern hemisphere compete
with drainage system running from South to North which could have fed it with water. The images his team generated mawue diffe
colors assigned to different elations. Blue is lowest (5 km below the average planetary mean) white is highest (23 km above). While
Smith was leery of suggesting that there was indeed an ocean, he did point out that it would have had to have existed fomgeag
channels which seem tmave been caused by flowing water lead from the highlands all the way up to the present ice cap and have left
channels in the flat northern plains. This could only have happened after the area was free of water.

Just as Martian oceans were described as being quite ancient, the age of the current polar caps was described as letngpipasite.
While the southern ice cap is at a higher elevation than thehmon cap, they both show a similar profile and are thought to be composed
of water ice covered and/or mixed wit with carbon dioxide ice. When one looks at the way in which Mars poles wander oxed tinee
effect this has on lighting conditions at tpeles, it becomes clear that there were periods where the poles would receive sufficient
sunlight so as to cause the caps to melt and not reform.

' http://www.spacedaily.com/news/mag-water-science00a.html

The substantial enrichment of the Martian soil with chlorine and sulfur discovered at the Viking 1 and 2 and Mars Péhfiimgsites
[1, 3] makes it more probable that the wateoluble salts (as chlorides and sulfates) msigt on Mars surface [6].

Such salts as NaCl, MgCI2, and CaCl2 are considered as the most probable candidates for salts contained in the Marfariegoli
The solutions of the salts have eutectic points (or temperature of total solution freeti@$R, 238, and 218 K respectively [7, 8].
If the Martian regolith contain multomponent salt solutions, their eutectic point is lower and will attain 210 K [7].

The zone of the temporal existence of the solutions in the surface regolith may béatsdatirectly with the layer of seasonal
temperature variation within the iceontaining regolith.

When the temperatures in the layer are higher (seasonally) than the freezing point of the eutectic mixtures (ice +aah@asance of
the liquid phasen the soil is becoming possible.

The ultimate amount of the liquid phase will depend on the amount of ice and salts in the regolith.

The quasperiodic axiabbliquity changes (from minimal to maximal over a period of 125 kyr [9, 10]) are one ofiéidattors
responsible for timedependent changes of the ground ice stability on the Martian surface as the function of the latitude.
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temperatures in other areasce sheetsnightform. Since much of Mars is already
warm enough to melt ice, these ice sheets might be confined to higher latitddes.
large amount of water @ad ice shouldorm oceans, river§ *°, aquifer$®, and lake$',

'8 hitp://www.pnas.org/cgi/reprint/99/4/1780.pdf

Valley netvorks and channels on Mars were discovered during the Mariner 9 mission (1, 2). Alternatives for their origin have been
suggested, but the most widely accepted formation hypothesis is by erosion, and the most likely erosive agent is waleig3, 4)
interpretation of ubiquitous erosion by surface runoff has often been taken to imply a warmer, wetter

climate on early Mars than the present cold and tenuous atmosphere can support (e.g., refs. 5, and 6). Recent precisermbsérva
Martian topography (7) &brd, for the first time, the opportunity to carry out the type of watershed analysis that has been traditionally
restricted to Earth, developing quantitative measures relevant to erosion style and intensity.
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Fig. 1.

' hitp://geology.geoscienceworld.org/cgi/content/abstract/31/9/757

Earlier analyses of valley networks on Mars often conclukatthey were poorly integrated, immature drainage syste@snsequently,
surface runoff fom precipitation was generaltiiought to be an unimportant geomorphic process. CombinatibMars Global Surveyor
(MGS) imaging and altimetry data sétewever, provides a vast improvement in image clarity and resoluitihnough we have used the
samedefining characteristics faalley networks as used in previous work, our mapping irMagian highlands reveals up to an order of
magnitude highevalues for the number of valleys, total valley length, and drainegsity. Segments can now be mappegreater
distance wittthe result that the heads of numerous systems reach righbuhe drainage divides. Moreover, MGS data show that many
previouslymapped, unconnected, lowtreamorder segments are part of largémtegrated, mature drainage netwosk In light of these
newdata, it is likely that surface runoff (and, by inference, precipitatidayed an important role in the sculpting of large regionthef
Martian landscape early in the planet's history.


http://www.pnas.org/cgi/reprint/99/4/1780.pdf
http://geology.geoscienceworld.org/cgi/content/abstract/31/9/757

probably in the existing low areas and ancient river systérithis shouldreate
weather on Mars and rainfall in land areas, suclm@asost ofhigher ground irthe

2 hitp://www.spaceref.com/news/viewpr.html?pid=6237

An enormous ancient drainage basin and aquifer system lies hidden and deformed in one of the most geologically dynaamedasmsc
Mars, scientists conclude from a comprehensivere than 10year study.

They estimate that a basin almost the size of the United States or Europe for billions of years covered part of Thaysiatieaihaactive
bulge in the western hemisphere. Tharsis landforms are a complex of towering volcEna@e8ow fields, igneous plateaus, fault and rift
systems, flood channels, vast canyon systems, and tectonic features. Most scientists believe that periodic releasel giametary

heat at Tharsis has for more than three billion years had a nmajoact on Mars' geology, hydrology and climate.

Parts of the aquifer may harbor neaurface water and possibly life, they add.

2 http:/www.centrofermi.it/download.php?doc=upload/doc/doc43d75bcfc73f5.pdf

Flg. 1. (left):Viking Image for the Warrego Vallis (around 41°S, 91°W); some “river-like” structures are present on the center-
left (courtesy from NASA. PDS Planetary Image Atlas). (right): Computer reconstruction of the landscape in the area of
Warrego Vallis, after pit removal. The reconstructed river structure is similar to the visible one on the photograph.

2 hitp://www.museum. hu-berlin.de/min/lehre/vorlesung/GeoDynMars/Mars7Fluviatile.pdf
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Southern Hemisphere. For exata in the Northern Summer there would be more
water vaporized on the North Pole anabre ice forming on the Southoke. In the
Southern Summer the extra heat and air presssiteuld cause ice on the Southl®

to partially melt rather than convert diregtlto vapor and so create a sea around the
Pole such as in the Prometheus B4in

2. Thickening the atmosphererlhe fracturing of the ground should cause gases to be
expelled from volcanoes, and thicken the atmosphere. Also the impact heat on the
Pole shouldstop CO2 from freezing there. The air pressure on Mars from mehimg t
poles might be increased td% or more of Earth pressure, even higher in lower
areasd”. This is based on studies of increased axial tilt sublimating all the CO2 at the
poles on Mar¥. In addition volcanoes formed by this terraforming meteor impact

Estimated outflow:
~6 * 10°% km?

Raver Channgly? - Flood Plan?

Outflow Channels

2 http://en.wikipedia.org/wiki/Promethei_Terra

Promethei Terrds a large Martian region, centered at 57.7S, 100E and covering 3300 km at its broadest extent. It lies to the east of the
massiveHellas basinLike much of the southern part of the planet it is a heavily cratered, highland region planet. Promethei Terra was
named for a class@lbedo featureof Mars, with the original name derived from that of the Greek §odmetheus

% http://en.wikipedia.org/wiki/Colonization_of Mars

Valles Marineristhe "Grand Canydhof Mars,is over 3,000 km long and averages 8 km deep. Atmospheric pressure at the bottom would
be some 25% higher than the surface averagekB#ss 0.7 kPa. The canyon runs roughly eesst, so shadowBom its walls should not
interfere too badly with solar power collection. River channels lead from the canyon, indicating it was once flooded.

% hitp://www.spacedaily.com/news/lunaranet2001-01a6.html

Another possibility has to do with the faetpretty universally accepted that Mars, without a large moon to stabilize it, has its
"obliquity” (the tilt of its spin axis) slowly rock back and forth between 0 and 45 degrees oyeleaf about a hundred thousand years
with less frequent periods during which it may tile all the way over to 60 degrees, leaving the planet "lying on itsesid®y thranus and
Pluto do.
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http://www.spacedaily.com/news/lunarplanet-2001-01a6.html

could increase the air pressure even mfSr& 2. Initially this air pressure would be
mostly CO2 but terraforming would include the use of plants to convert much of this
to Oxygen. If this codlbe done then the atmosphere 8ars could not refreeze at

the Poles because oxygen has a much lower freezing temperature than CO2. So the
window of opportunity would be to convert this C@0 Oxygerwith various

plants, lichen, alg&é, etc. Once mostfathe CO2was converted to Oxygen thehe
atmosphere of Mars might be026 of our own air pressure butith a higher
concentration of oxygen. So since mosbaf atmospherdas Nitrogen the higher

Very strange things happen to the weather of such a plametause one pole or the other is continually exposed to sunlight for months at
a time while equatorial regions still go through a d@aght cycle, both poles actually get warmer yeannd than the equator.

Such a climate cycle could cause water ice teapoles to thaw out and vaporize in Mars' thin air, migrate to somewhat lower latitudes
and then refreeze- after which, as Mars' tilt reduced again and its lovegitude regions warmed up, the water ice stored there would
again thaw out, erupt from th gully sites as liquid and then evaporate into the thin air, and then migrate back to the poles and refreeze.

John F. Mustard pointed out at the Conference that MGS has shown that this same 36€qgrée latitude zone on Mars is widely
covered by "stipled" terrain covered by pits just a few meters across.

He proposes that the 100,08@ar climate cycle alternately causes Mars' windblown dust in such regions to be fused together into a
smooth permafrost surface when it lands, and then causes the sutéabecome rough again during the next stage of the cycle when the
ice in the upper 1 to 10 meters of soil warms up and sublimates back into the atmosphere to migrate back to the polas-nebiohs
despite their periodic warming, never get warm enbugglow the soil surface for their ground ice to sublimate, so that they remain
smoothersurfaced.

In some areas, the buildup of a thick surface layer of "duracrustiil fused together into a hardpan when water sublimates out of it and
leaves behindruisted sulfate salts, which is definitely known to cover a great deal of Mars' suffemald seal away melting subsurface
ground ice from sublimating back into the air, so that a raarface layer of liquid water would build up and could occasionadlgkb
through and gush out onto slopes to form the isolated gully sites.

% http:/Awww.Ipi.usra.edu/meetings/LPSC98/pdf/1125.pdf

6) Plinian eruptions, gas input into the atmosphere, anchtdite changeGulick et al. [16] have hypothesized an

episodic oceafinduced CO2 greenhouse on Mars. Pulses of CO2 (one to two bars) injected into the Mars atmosphere
could place the atmosphere into a stable, higher pressure, warmer greenhouse statesdo teandreds of millions of
years. Our calculations indicate that a significant phase of plinian eruptions of magma containing 0.5 wt % CO2 could
provide of the order of 1/10 bar of CO2 to the atmosphere. Thus, because of the significant gas rele@seopplisan
eruptions may be an important contributor to the atmosphere and have significant global effects.

" http:/Awww.astro.virginia.edu/class/oconnébstr121/test/marsstatusaaas200.html

The large quantities afarbon dioxideandwater vapor that could haveden outgassed by Tharsimgmamay have also played a
significant role in Mars' wet periodRoger J. Phillipsalculated in 2001 that it could have formed a-bd& carbon dioxide atmosphere and
a global layer of water that averaged 120 meters thick.

28 http:/www.Ipi.usra.edu/meetings/sixthmars2003/pdf/3021.pdf

Episodic volcanism is another possible mechanism for perturbing the climate, as recognized for Earth [30].

The construction of Thiais can deliver substantial quantities of water and CO2 to the atmosphere. A

global equivalent layer of 120 m of water and a 1.5 bar CO2 atmosphere have been estimated [1], and preliminary modaipigreds

the climatic implications of Tharsis outgams[31]. We have little information on the level of episodicity of Tharsis construction. The rate

at which volatiles were supplied to the atmosphere versus the rate at which they were removed [e.g., by carbonate déptbk&tion
observed), solar wind 8pping, thermal escape, and impact erosion] would dictate the role of Tharsis in perturbing the climate sufficiently
to carve valley networks and foster widespread erosion events.

29 http://www.physorg.compdf4156.pdf

The algae also managed to survive when it was shielded from the direct onslaught of UV rays by a
millimeter-thick layer of sand or rock.
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percentag of Oxygen in the Martian atmosphere might makeasierto thicken

later, perhaps one day to breathe it unaided or only wearing a respirator and no
space suitlf one was breathing imainlyOxygen Martiaratmosphere and thair
pressure D% of our ownthen each breathmight contain similar amounts @xygen
as on Earth. One analogy might be like a plane pilot flying at reduced air pressure
with a respirator, walking on Mars might one day be similar to this experience.

3. Antipodal effects®3!, Opposite tte Argyre impact crater there is Elysium Mons. It is
likely this formed from a shock wave going through the Martian core and fracturing
the ground opposite, which created the volcano. If the same thing happened in the
terraforming process a volcano, or et a hotspot’> mightform near the South
Pole which would melt ic& and create a smaller s&saround the Pole.

%0 http://www.newgeology.us/presentation35. iml

How much disruption would be caused has been argued among resear@mre hold that many volcanic "hotspots" and even flood
basalts were triggered by antipodal effedshile others find the energy reaching the antipode to be insufficient to cause

volcanisn’ Disrupted terrain, and possibly volcanism, are thought to have been found antipodal to large impact craters on the Moon,
Mars, and Mercury®**

3 http://adsabs.harvard.edu/ab/1994Icar..110..196W

The regions anitpodal to Mars' three largest impact basins, Hellas, Isidis, and Argyre, were assessed for evidenceraftioguhct
disrupted terrains. Photogeology and computer modeling using the Simplified Arbitrary LagrangigenE&ALE) finite element code
suggest that such terrains could have been found by the Hellas impact. Maximum antipodal pressures are 1100 MPa f@0H#éRas, 5
for Isidis, and 150 MPa for Argyre. The results suggest that if antipodal fracturing seex@aded with later volcanism, then Alba Patera
may be related to the Hellas event, as proposed by Peterson (1978). Alba Patera is a unique volcano in the solar sgsteshjdldin
volcano which emitted large volume lava flows. This volcanism couliebesult of the focusing of seismic energy which created a
fractured region that served as a volcanic conduit for the future release of large volumes of magma. No disrupted téurais dea
observed antipodal to the Isidis or Argyre basins, althaarhe of the old fractures in Noctis Labyrinthus could have originated in
response to the Isidis impact, and later have been reactivated by the Tharsis tectonics assumed to have produced iéolctigelf t
calculated antipodal pressures for Argyre werpatale of producing disrupted terrains, then the terrains have been covered subsequently
by volcanic or aeolian material, or modified beyond recognition.

32 hitp://www.mantleplumes.org/WelDocuments/Antip _hot.pdf

5. Conclusions

Models of hotspot (and LIP) origins are apparently in need of modification to explain the antipodal character of
their distribution Table ). Herein, an inherently antipodal mechanism of hotspot formation is ppose

which one hotspot forms at an oceanic labgely impact site and a second hotspot and possible LIP are formed
from seismic energy focused in the |ithosphere and
impact structures lack associdtieotspot volcanism and are generally without antipodal volcanism, except for

the largest ones that initially appear to have had small antipodal hotspots. Continents, due to their lower
expected seismic efficiencies, therefore, are suggested to have shisltied the formation of antipodal

hotspot pairs.

% http:/www.esa.int/SPECIALS/Mars_Express/SEMYKEX5WRD_0.html

Recent space missions then suggested that the southern ice xiafing all year round, could be a mixture of water and carbon dioxide.
But only with Mars Express have scientists been able to confirm directly for the first time that water ice is presesbathheole too.

up
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4. Shock wave rock heatin@ecause the shock wave would extend along the surface
then rock inits pathwould be heated. This heat would persist & long time and

OMEGA view of Martian south poldyaving
water ice areas (blue)

Mars Express made observations with its OMEGA instrument to measure the amounts of sunlight and heat reflected fromathe Marti
polar region. When planetary scientists analysed the data, it clearly showed that, as webas diaide ice, water ice was present too.
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soil of Mars, and frozen to the hardness of solid rock by the low Martiapégatures. This is the reason why water ice has been hidden

from detection until now because the soil with which it is mixed cannot reflect light easily and so it appears dark.

3 http://news.nationalgeographic.com/news/2007/03/07034Barswater.html

Mars Pole Holds Enough Ice to Flood Planet, Radar Study Shows

Richard A. Lovett
for National Geographic News
March 15, P07

Mars's southern polar ice cap contains enough water to cover the entire planet approximately 36 feet (11 meters) deepl if melt

according to a new radar study.

It's the most precise calculation yet for the thickness of the red planet's ice, accéoding international team of researchers responsible

for the discoveryqdee a map of Majs

Enlarge Photo

Using an icgenetrating radar to map the sh pole's underlying terrain, the scientists calculated that the ice is up to 2.2 miles (3,500
meters) thick in places, said the study's leader, Jeffrey Plaut of NASA's Jet Propulsion Laboratory in Pasadena, California.

The radar, from the Mars Expresbiter, also revealed the surprising purity of the ice, Plaut added.
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also lead to many smaller volcanoes in its path from fractures in the ground. These
are similar to those seen in Solis Planum as well as the larger volcanoes of Tharsis
and Olympus Mons. So CO2 and ice reforming on the poles shouldte=lend
vaporized, creating a kind of weather pattern.

5. Weather patterns.The poles would &come much hotter, so any icepositing on
the poles would beevaporized for a long timéhis might create weather patterns,
Hadley Cellsetc on Mars since some parts would be much hotter than others and
limited oceans should formWith ahotter landmass and colder oceathjs on Earth
forms clouds and raifthe Poles then might be surrounded by storms),ranow,
etc and this constant injection of water into the atmosphere should create weather
all over Mars.

6. Moving ice and debrislt is likely that ice, CO2 and rockm the impactwould be
sent up into the atmosphere, even into orbit atechd in other aeas. So this ice and
CO2 would melt and sublimatkit lands at lower latitudes on Mars

7. Rifts. Factures caused by thehockwave should cause riftsthe Pole areanto
which melted water would fall and be heated by raskhem creating steam. So
these rifts might continue for a long time to add humidity to the atmosphere and
thus rain.

8. Buried ice.lce buried in other areas such as ancient poles might also melt creating
and replenishing the water table, lakes, éfxamples include around Solis Plarit)
Meridian Planum, Gusev, etc.

9. Polar wander.The redistribution of water and CO2 would affect the weight
distribution of Mars and likely lead to renewed Polar Wari@eBo if this was

% http://fepswww.unm.edu/iom/pubs/Elphic2011.pdf

DiscussionBoth geologic evidence and GCM calculations point to past epféhsreased water ice

deposition on the western flanks of the Tharsis Montes, and Olympus Mons. GCM simulations also suggest

these same areas preferentially retain ice longer than other nearby locales. Taken together, these results suggest

that enhancedsurface and regolith ice accumulations on the windward slopes of the volcanoes during earlier periods of high obliquity led
to either remnant ice deposits or stable hydrated minerals in the soils whose hydrogen can still be sensed today.

% http:/Awww.Ipi.usra.edu/meetings/Ipsc2000/pdf/1930.pdf

A proposed wandering path [12] for the south pole of Mars is shown on Fig. 1. The solid triangles represent

pole positions based largely on georpbic evidence; the open triangles represent possible pole positions based on grazing impacts. The
better fitting paleomagnetic pole positions (gray areas) in the equatorial regions near the prime meridian agree remaghatith the

Schultz and Lutz nael for polar wandering. The beft paleomagnetic south pole position along the polar wandering path is near 450E,
150 S, southeast of C'. This ancient pole corresponds to the chaotic terrains of eastern Valles Marineris, and at tleg tantfijzod

southeast slope of Elysium Mons, not far from the very old and heavily eroded deposits south of Elysium Planitia.
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relatively rapid then the old Poles would be moved closer to the touend thus
fully melt, releasing all their ice as wat&ince the Poles may have been near the
current Equator before the terraforming may cause them to move back in that
direction.

10.Brine. It is likely the Martian soil would contain large amounts ofs34f*which
would dissolve into this relatively pure water from the Poles. This would lower its
freezing temperature and result in water staying liquid at lower temperatiires
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37 http:/iwww.physorg.com/pdf7981.pdf

Chittenden and Sears used a planetary environmentaintiea in the W.M. Keck Laboratory for Space Simulation to simulate the
conditions found on Marsan atmosphere of carbon dioxide, 7 millibars of pressure and temperatures from zero degrees Celsius to 25
degrees below and examined the evaporation ratestmfine solutions expected to be found on Mars. Most water on Earth contains salts
that leech into the water when it comes in contact with soil, and similar processes might be expected to occur in anyvatefafoeind

on the Red Planet. Salts in the watewer the freezing point of the solution. The University of Arkansas team placed the salt solutions in
the planetary environmental chamber simulating Médike conditions, and then measured the evaporation rates at varying temperatures.
"There's a hugeetrease in the evaporation rate the colder it gets, more than anyone realized," Chittenden said. With the dissolved
sodium and calcium in the water, the freezing point for the brine mixtures drops to 21 degrees below zero Celsius ftersatid&z0
degrees below zero for water containing calcium chloride. Temperatures on Mars vary between 125 degrees below zero Celsius and 28
degrees above at different latitudes and different times of the day. Thus, there is a possibility that liquid water ciddtbei planet's
surface at different locations and times of day. "Brine formation could considerably increase the stability of water iy btatrs

extending the temperature range over which liquid water is stable to negdfivdegrees Celsius and by dexsig the evaporation rates

by two orders of magnitude," the researchers wrote.

% http://ndeaa.jpl.nasa.gov/nasade/usdc/papers/PolatConfGopher03-8019.pdf

Introduction: Evidence for the presence of ice and fluids near the surface of Mars in both the distant and recent past is growing with each
new mission to the Planet. One explanation for fluids forming springlike features on Mars is the discharge of subsngacBrines
offer potential refugia for extant Martian life, and near surface ice could preserve a record of past life on the planet.

% http:/Awww.Ipi.usra.edu/meetings/Ipsc2001/pH1689.pdf

Phase Equilibria:

H2Osalt. Addition of salt to water causes the triple point to migrate to lower temperatures and lower pressures.

While many workers have studied the depression of the freezing temperature when salt is added to water, éhetatarely few studies

of the vapor pressures over watsalt solutions at low temperatures, and these are summarized on Figure 2. To a first approximation, the

vapor pressure at the triple point is controlled by the vapor pressure of water ice atahgtdrature. At the H2€@aCl2 eutectic

temperature ( HHO YO G(GKS @I L2 N LINBAadz2NBE A& | 02 dzirichrbrine iy stablélabany tdrhpér&ilke RA T F SNB y
and pressure above 223K and 40 mbar, and much of the range martian suiTacerftions

falls within the liquid stability field for a calcium chloride brine (Fig. 2).
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11.Triple Point.Potentially Mars might be covered perhaps 40% or more with water
and ice if the Northern Lowlands is filled, and the higher air pressure should maintain
this liquid phase of watefor a time Currently on Mars the low air pressure causes
the triple point of water to only be reached rarely so water ice usually goes hjirect
to water vapor without forming watetdowever it is believed that even now brines
can survive for long periods on Mars witlteevaporating, so with higher air pressure
open water might be permanefft

Habitation

The North Polémpact mightcreate a sea in the Northerrowlands area, particularly near
the impact crater. If the crater is near engluto the Pole then in winter CO2 andaterice
would be vaporized creating more weather patterns.

The most stable area for weather would depend on the disturbances caused. If necessary
people could settlon the opposite hemisphere to the crater could bged to be shielded
from the weather, for example there may be cal’eand lava tubes around Elysium Mons.
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“® http://www.uark.edu/depts/cosmo/publications/pb%20by%20year/2004%20papers/sears%20et%20al%202004d. pdf

Implications for Mars:The existence of solute ions in the water does not decrease evaporation rates so this is not a mechanism for
increasing the stability of water on Mars. However, the suppressfahe freezing point caused by the presence of solute in the water
does enlarge the stability field of water. Haberle et al. showed

that, if sufficiently concentrated, brine could exist over most of Mars depending on the availability of ice and a

heat surce, and the evaporation rate [5].

4 http://www.astrobio.net/news/modules.php?op=modload&name=News&file=article&sid=2290
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Also higher ground would be needed if widespread flooding occurs so the Southern
hemisphere may be best. Hellas Crater might partially fill with wiaten the melting South
Pole and the air pressure would be higher in it for settlements.

The water might be seeded with algae and there would be less radiation owing to the depth
of water and thickened atmospher&now/? has been shown to reduce radiation@ugh for

life to survive even without a thicker atmosphe®@ome ared$ may already have moisture

in the soil, so the thickening of the atmosphere could only increase this.

Also there are places on the Martian surfAbehich are more shielded from the swlwind
by remnants of the magnetic fiel@hese would have reduced radiation for human
habitation.

Researchers propose these images of seven black spots near a massi
Martian volcano may actually be caves rather than impact craters. The
images were taken from the Thermal Emission Imaging System aboarc
NASA's Mars Odyssey orbiter.

Applying techniques used to scope out caves on Earth to probe the possibility of caves on Mars is paying off.
NAU researchers Glen Cushing and J. Judson Wynne, working at the U.S. Geological Survey, propose that ghetbafro®dyssey
mission reveal footbafield size holes that could be entrances to caves.

“2 http:/www.astrobio.net/cgi-bin/h2p.cqi?sid=380&ext=.pdf

On steep slopes in martian ceas, recently melting snow may have created a system of gullies, says Philip Christensen, the principal

investigator for the Mars Odyssey THEMIS camera system and a professor from Arizona State University. He says thatvila¢emelted

collecting undernedt these snow packs also could have created an ideal abode for life. "I think we have discovered remnants of snow

packs on Mars that in the recent past have melted," says Christensen. "I think if you were to land on one of those astictiekin the

ground, you“d be shoveling snow. And if life ever existed orsMaan’t think of a more exciting place to possibly go and look."

/| KN AaGSyasSy SEFYAYSR YIENIALY AYF3ISEa 2F 3IdAtASE FYR 6KIG KS GSNI¥VSR
published in the electronic February 13 issue of Nature, Christensen argues thatthiaK S LJ a6 SR 2y Yl GSNAF & | NB NX
SEGSyardsS t1&8SN)2F ayz2s G(KIG O20SNBR (GKS YARLELFTGAGddZRSE 2F al NEO®
"This snow draped the landscape, and as the climate warmed, the snows melted," says Christensen. The snow shelteredwimicivater

otherwise would have rapidly evaporated in the planet’s thin atmosphere. "That melt water trickled through the snow and eroded the

gullies underneath this overlying pack of snow."

3 http://mars.spherix.com/555-14.PDF

The evidence presented strongly indicates the presence of liquid water or moisture at the Mars Exploration Rover sitésr 8ecent
mini-erosion features have been seen. Images taken through filters indicate the presence of moistunélowditer. Evidence that could
be interpreted as standing liquid water has been presented. Soil surface temperatures at both the Opportunity and SpsitdRoes at
the Viking Lander sites and the Pathfinder site, rise above freezing at some pfrti@nday, perhaps seasonally. It would thus seem that
all factors necessary to constitute a habitat for life as we know it exist on cedenMars.

“ http://www.berkeley.edu/news/media/releases/2000/12/15_mars.html




