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CO, ice in the South




CO, ice in the South




Frosted dunes In the
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Mars polar regions are very dynamic!




“Spiders” on Mars — a form of (micro) cryo-volcanism
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Observed changes lead to physical understanding
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Observed changes lead to physical understanding

PSP_004000_0945, June 4 2007 ESP_020746_0945, December 30, 2010




Temperature distribution in the soll
Water ice condensation (frost) is possible
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Kossacki and Markiewicz, 2000



CO, Ice in Polygonal Throughs in Malea Planum:
Subsurface H,0O, MOC images
and TES surface temperature




Sketch of the model of a polygonal crack
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Initial models of water ice in the permafrost
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The role of the permafrost
subsurface water ice otherwise no seasonal cycle
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Subsurface water ice —
polygonal terrain correlation

300° 240° 180°



Table 2. Estimates of Ice-Table Depth.

: : Ice Table Depth [em
Resolution  Uncertainty — pth [em]
- Region

[km] [em] 5 ,: 5

—_—_—_—

(Gamma Ray Spectroscopy 300 ~1.6 44 5.2 1.9
Neutron Spectroscopy : 600 ~ 7.5 2 472
Ice Stability Theory 10 prum * 8.2 " 5.7
Ice Stability Theory 20 pr um 5.6 4.0
TES Seasonal Temperature *° 60 6.4 3.C - :
THEMIS seasonal Temperature 8 0.3 5-18 - .8 -

TES Thermal Inertia "* 100 ~1 1 37 37 41 9 35 28

T Y T T R T T T T T 7 -1 . 7
Bovnton et al., [2007]. averaged over the region and assuming a dry soil density of 1.6 g ecm™; = Feldman et al.,
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[2007]. averaged over the region and assuming a dry soil density of 1.6 g cm’?’; * Mellon et al., [2004a] median
value for each region: * Titus et al, [2006]: ° Titus and Prettvman [2007]: ° Bandfield [2007): " Putzig et al.,
[2006]: ® Putzig and Mellon [2007].

Table 2 of Mellon et al., 2008
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Recent HIRISE image

Crater floor around ice patch is full of polygons
Ice rich substrate (at some time only?)
Thermal contraction/expansion or desiccation?
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e Find water ice -

o Estimate habitability of the near surface
environment -



The Phoenix
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Surface Stereo Imager (SSI)




Robotic Arm Camera (RAC)




What is RAC?

= ol il S0 A | e Afirst variable focus camera on
(RAC) a planetary mission
o e Resolution down to 23 um/px
‘ e ODbtains colour images by
‘$:%: | illuminating target with LEDs
1 e Itis attached to the Robotic Arm

3 | and hence mobile
RERl

Imaged by SSI




Microscopy, Electrochemistry, and Conductivity
Analyzer (MECA)
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Microscope
AFM
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TEGA & WCL

Thermal and Evolved Gas Analyzer
( TEGA)
Wet Chemistry Lab
(WCL)



MET & TECP

Meteorological Station
( MET)

Thermal and Electrical
Conductivity Probe
(TECP)




First results
Science 3 July 2009
More detalls in articles

“ = JGR Planets 115, 2010







After launch




After launch







Phoenix: May 25, 2008




Not to worry, we landed 22 km away from the
rim!




Diter Schmitt para-skiing
from Brocken?




Phoenix Landing Site Is Much Farther North
Relative to the Other Landers

68.21 N 234.25E

East Longitude



I Crater Interior | Knobby Terrain I Highland
D Inner Crater Ejecta - Intermediate Terrace - Lowland - Bright
Crater Ejecta Lowland - Dark




— Gﬁmmsemngag

— D|fferent|ally eroded ejecta depOSLtS from-
Heimdall Crate¥ (~0. }5 Gy)

e Ejecta emplacétﬂ—»g
e Liguid-water. ol
e New and much you%ger settlng as

compared to the twtg Viking Landers
Pathfinder, Spirit aq.d Opportunity
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Phoenix Lander

Backshell

Parachute B

Heat Shield



Note the dark
circular oval
around Phoenix

Coarser grains
ejected by the
retro-rockets?

Radius of the oval 10 m

Thickness of excavated
regolith 10 cm

(predicted depth to ice)

Radius of excavated
area 1m
(scale of the Lander)

Results in 1 mm
thick cover

Or is it darker because
fines where blown
away?




Polygons near Phoenix ...
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First RAC image under the Lander

Snow Queen

We think we found water ice!

Note the pebble on the right



Phoenix
Mars Lander

N

“Holy Cow” Mosaic Credit: Marco Di Lorenzo, Kenneth Kremer  NASA/JPL/UA/Max Planck Institute/Spacefilight



s+ Holy Cow in forward
2 scattering illumination

and 95 sols later

in twilight

Pore ice
or

pure ice
with dust cover?
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Topographic Map of Polygons and Robotic Arm Work Space




Ice
Sublimes




First Scoops Sol 9/11










Overnight Changes

Downward movement is seen
only in the middle section in a
collapse-like manner. Material in
the corners is stabilized by
adhesion to the side walls.

unchanged







Soil collected after rasping in
Snow White

No large particles!



heeo Baby Bear
TEGA'’s First Sample

Mars Lander 27

» Baby Bear was a
surface sample
acquired by the
Robotic Arm scoop
from the Goldilocks
Trench on Sol 12

> Firstof 6

» 1 oven failed, one
unused

TEGA Surface Sample




Challenges of Putting Martian
Soil into TEGA

Mars Larnder Yo/
-

_ Solls were cohesive

1% 2
s Candidate causes:
> Weak van der Waals

forces
> Electrostatic interaction

. > Moisture (although
unlikely)

> Salt cementation

> Particle-particle
interaction (fine-
grained with larger
particles)
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Phoenix attempts another sample delivery!



Snow White trench — middle of polygon

Mary Lander o/
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Summary from imaging

« Polygonal ground seen from orbit is real.
* Found polygons of superimposed sizes.
* Morphology consistent with present activity.

« Topography and stratigraphy consistent
with sand wedge formation.

« Subsurface ice consistent with prediction.
« Depth of subsurface ice varies by 10x.

« Wide range of ice textures, concentration,
and physical characteristics.

4 Dec 08 71



Ground Ice Everywhere

« Extensive trenching by Robotic Arm.
— Covered a range of geologic contexts in
polygonal terrain (troughs and interiors)
» Trenching by the descent thrusters

4 Dec 08

72



Types of ice

Light Toned Ice

* Low solil content.

* Friable.

* 10% of trenched area.
» Unusual concentration

Ilce Cemented Soll
 Dark toned or hard soill

« Matrix supported soil
with ice in pores.

* 90% of trenched area.

4 Dec 08 73
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Soil is friable and fragile

Soil is made up mostly from fine grained material
Interspersed with ~100 um particles (< 20 Vol%)

Soil is very cohesive and adhesive

Soil changes once isolated from ground
— cemented by a volatile agent (water)
— timescale of order hours to sols

Dorninant soll component are micron-sized and po
smaller grains clumping together due to coating o



Snow Queen







Sol 6

Sol 142




Volume fraction of H,0 ice
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2 mm
dust mantle
formed
N
about 8 sols



Time of the dust mantle growth

T 0=180K, d_final =2 mm

Time [Sol]

2 1 | 1 1 1 1 1 [ R | 1 1 1 1 1 M |
0.001 0.01 0.1

Radius of the grains [mm]

Formation of 2 mm dust mantel is consistent with um sized
grains which is consistent with atmospheric dust and
Phoenix imaging at all scales.
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Soil in the Optical Microscope

Mary Lt;f:i.(r !




Soil on the Strong Magnet Substrate
Optical Microscope Image
(surface sample)

AV

.;'. AV . U SR, » o
» Candidate red pigment phase
» Nanophase Fe-oxides

» Candidate magnetic phase
» Magnetite (Ti-bearing)




Size Distribution: MER-PHX

<10 ym 40 ~ 400 ym >700 ym
Airfall dust Saltate, creep & roll Mainly creep & roll
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A Bimodal Size Distribution with ,,holes* ...

MER-A:
Apparently lacking particles: 450 - 800 um

PHX:
Apparently lacking particles: 20 - 30 um, 200 - 1000 um

The PHX site may well be a special place ...

W. Goetz et al., JGR, 2010

<VIPS) WG, 06-Mar-2009



Conclusions/Questions on Soil at the PHX Landing Site

Data Interpretation
Bimodal size distribution, different from different weathering at the PHX site?
MER
Orange dust: ~ Martian airborne dust
Submicron, magnetic,
Translucent, red-to-brown particles: glassy, common origin?,
Silt-/sand-sized, substantially magnetic tectites from Heimdall or volcanic glasses

with crystalline magnetic inclusions (Fe,
more likely Ti-magnetite)

Opaque, black particles: common origin (likely), basaltic particles
Silt-/sand-sized, substantially magnetic containing Ti-magnetite, crystalline?
Whitish particles, perchlorates, chlorides, carbonates?
some of them cube-shaped or rod-shaped ... | Why not invisible coatings on each
silt-sized, magnetic properties? partcile?

Global component in PHX soil?
Comparison to soil at ,,classical* sites (VLI1, MPF, Gusev plains)?

Alteration by continuous presence of water vapor/ice?

<PS WG, 06-Mar-2009



Mars particle

2 .00kU
Clay Minerals Soclety

Submlcrcm partlcles

;.h AFM sees What IS ve~ry smﬂa‘.w |
heet S|I|cates (clay mlnerals ) u’

¥ 4

/§Qrceress from Sol 79




AFM - Sol 82, second scan




3D, plane fit, median filter

DAPhoeni- 1anded-miss|onAFM-datalsol082\CsVis0lB2_6_fullz csv Median_3x3_1e+002_HIghAndLow,_

ZRange: 4728 ym

XRange 165 ym




details about the particles

particle A particle B
area: 27 pm? area: 52.2 um?
volume: 35.4 pm3 volume: 44.6 pm3

DiPheenix-11anded-mission\AFil-dataisol082\csvisols2_6, D:Phoenix-1ianded-missioniaFi-dataisol082\csyis0l82_6,

Z Range: 4.728 pm ; Mean: 0.5760 ym ZRange: 2,508 pm ; Mean; 1848 pm

Y Range: 8.00 ym
Y Range: 8.39 ym

081 453 826

0.162 415 8.13
X Range: 7.45pm

X Range: 7.97 pm

Xlam] Y(1
u1 1.2034 0.001042
32 2.8044 0.0002378
M2-M1 1.4010 -0.0007444
Intg. 1.000 0.166
Image.

Area 52.2 pm?

Area® 83.52%

Uat. Vol. 44,66 pum?
Void Vel. 43.00 uw?®




AFM - very fine conglomerates
at target A substrate #60

area probably swept wit the tip

error signal -> z coordinate not calibrated!

sol 73



Chemistry Results of
the Phoenix Mission



The Instruments

Thermal and Evolved Gas Analyzer (TEGA)

Wet Chemistry Lab
(WCL)

92



Thermal and Evolved Gas Analyzer
(TEGA)

O Comprises two main
components:

— A thermal analyzer that
investigates phase transitions

— An evolved gas analyzer that
detects and quantifies the
amount of volatiles during
sample heating

m Sample 1s heated in a stage-like
manner (up to 35 °C, 350 ° C,
1000 ° C) Boynton et al., 2001

m Analyzed 5 Martian 1cy-soil
samples

2
&
g.
&
K
|
&
=
[
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Wet Chemistry Lab (WCL)

J

Comprises 4 individual “chambers’
for analysis ( 2-days analysis)

Soil 1s mixed with preheated
leaching solution.

A sensor array measures pH, Eh,
electrical conductivity, and
concentrations of selected soluble
inorganic 10nic Species.

On the second day an acid is added
and titration experiments are
performed for detection of sulfates

3 chambers were filled and
measured, the 4™ was used as a
calibration blank

94



Important findings

m Soil pH
m Carbonates

m Perchlorates

95



Soil pH

m What does a soil pH mean?

B Previous measurements/estimates on the
surface of Mars ( Mars Exploration Rovers,
Viking)

m This 1s the first time a direct measurement of
soil pH 1s made for a Martian soil

=>» 8.2 + 0.5 (mildly basic)

96



Implications

m Could possibly indicate an old “sea-water” like
environment.

m Stable environment for carbonates and many
clay minerals.

®m More hospitable to life!

B Shows that Martian conditions are more variable
than previously thought

97



Carbonates

m Salts of carbonic acid
B Detection means

> Endothermic peak between
735 °C and 818 °C (TEGA)

> Buftfering action with
E_n-iqituern‘liu: F‘-—"akdue to

addition of acid (WCL) S

Endothermic transition in the Ni
oven body at its Curie temperature
S, 1

=» Calcium catbonate the
highest candidate (calcite,
aragonite, ikaite)

Differential Oven Power (relative)

400 600 1000
Temperature (°C)

Boynton et al., LPSC 200998



Implications

m Modes of formation
> (Oceanic sedimentation.

> Alteration of Basaltic material in a silicate-H,O-CO,
system.

> Hydrothermal alterations. (volcanic or impact generated
in the Martian case)

=>» Strongly implies that the region has “experienced”
water in a liquid phase for some time of its history

99



Heimdal Crater

Landing




Perchlorates

®m General formula: M [CIO,]_
m Detection method

— Signal increase 1in the Hofmeister anion
sensor, coupled with a decrease of the
Ca*" signal from its calibration level
(WCL)

— Evolution of a gas species with

molecular mass of 32 (O,) in the TEGA

=» Charge balance calculations strongly
indicate that the perchlorate is in the
form: Mg [CIO,],

(UM PERCHL ORAR

CNT OWENT 5 %
0SS WEGHT 2524
[ HE N e
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Implications

m Mode of formation

> Exposure of chlotides (from volcanic vents) to sunlight and/or
UV radiation for extensive amount of time

> Seen on Earth in only very arid regions (ex. Atacama desert)

> Magnesium perchlorate and other alkali earth perchlorates are
deliquescent, and have freezing temperatures in the -45 °C to -70
° C rangel

> If present as a global component, could be responsible for
formation of gullies, as well as having major implications on the
water cycle on Mars.

= Acts as an energy source for some life forms!

102



Summary TEGA and WCL

The TEGA and WCIL. have detected carbonates (most
probably as calcite), and perchlorates in the Martian soil.

For the first time, a direct measurement of soil pH has been
attained. The soil at the Phoenix landing site is slightly basic
(~8.2)

The Phoenix landing site is the most “potentially”’ habitable
environment encountered on the surface of Mars so far.

The Phoenix mission has shown that the surface-
atmospheric interactions play a bigger role than previously

thought in regulating the climate and hydrological cycle of
Matrs.



Atmospheric Science
General Weather

|

» Temperature rose till the Summer SUMMARY OF MARS WEATHER - SOL 1-63

solstice, and since then has been )

steadily dropping. 230 °C /- 22 °F
. AtmOSpheriC pressure haS bem Slight increase in temperature J

decreasing in the order of 0.01 millibar~  from Sol 163 (about 4 degrees)
( 1 Pascal) per day.

il -79°C/- 110 °F
Southerly during the day, Easterly

at night. Average wind speed of
14 4 km/h or 8.9 mph

Steadily decreasing from 8 5
to 7.85 millibars

Clear to clear with dust haze


http://www.mps.mpg.de/

N Latitude

Atmospheric Water Vapour

Thermal Emission Spectrometer (Smith, JGR, 2002)
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Images from the SSI camera




Winds on Mars
The Telltale

Winds from all directions
about 5m/s




Winds on Mars

Dust Devils
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MET/Lidar




Height Distribution of Dust and Ice

All Dust
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Altitude [km]

Lidar Measurements of Dust and Clouds
SOL 099
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Temperatures from Boundary Layer Model
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Temperatures from Boundary Layer Model
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Temperatures from Boundary Layer Model
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Precipitation
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Lidar Measurements of Martian Clouds
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. oss of communication on sol 152




Dog Days of Martian Summer




Phoenix Feb 2010




Results

Alkaline soil, calcium carbonate rich with clays
Small amounts of Na, K, Ca, Cl, Mg

Larger abundance of perchlorate

— If concentrated lowers freezing point of water to -70 C

— Perchlorate-reducing microbes are found on Earth

— May form in upper atmosphere and be common on Mars

No sulfates! They were expected from rovers
Liquid water was active in this soil

See Science and JGR special issues for much more
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What is more common on Mars pore or pure?
Past thoughts pore ice - more recent maybe pure ice




Crater Floor Polygons
Ramy El Maa_rr_y et al., JGR, submitted. 2010
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Distribution

— Features located Iin 262 craters so far..
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Analogs on Earth
1) Ilce-Wedge Polygons..




Analogs on Earth
2) Desiccation polygons

e Desiccation
polygons can range
in size from 15 to
300 m in width

(Neal et al., 1968)
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Results

=2 G =G, at:
6 mfor 3 MPaTS.
75mfor2 MPaTS

G=0 corresponds to
the transition to
compressive regime

8 10 11 12 13 14 15
Depth[m]
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June 18, 2008: Headlines - White Stuff on Mars

| Headlines - White

Yideo paused...
Stuff on Mars (01:27)

June 16

Sceientists mull mysterious white stull on M

I 10 0ce on sall

el “wwhite stuff”

Wet Hot American
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' Mach dir

Freude auf!

Wednesday J

Headlmes Whlte Stuff on Mars

nnot yet confirm life on Mars hut it seems we might be ahle to confirm nightlife on Mars.
Tags:

Views: 60,269 2 comments 100% Thumbs Up  Rate: || | 4 'I
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Sign Up or Lo g INto The Daily Show to comment.
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~ sol 30

INI'SCREAM, YOU SCRE
WE ALL SCREAM
FOR ICE CREAMI

The UA President Robert
Shelton has provided the
Phoenix Surface Ops
Team with a supply of Ice :
Cream! Please find it in the IS
mailroom freezer and the &
overflow room freezer
(where the last batch of ice
cream was).







Polar devil

José Amaral - 42 -Algueirao, Portugal

Technique used in the participant's work: Inspired by the image showing dust devils in the north pole of Mars | have used an image from an earth’s dust devil
applied over an Atacama desert ground image.
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Untitle
Brian Cameron - 40 - Oxford, UK

Technique used in the participant's work: Stretched and colour enhanced from an original picture found on Google Images of Death Valley Salt Flats.
Then manipulated in Paint Shop Pro Ver 7.04 (stretched 300% on the horizontal, converted to negative image, enhanced the red channel and added a "Sunburst").
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So few rocks

Doug Ellison - 29 -Leicester, UK

Technique used in the participant's work: 3DS Max 9 with procedural textures..
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