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Program
Monday, November 5, 2007
REGISTRATION, EXHIBITS, AND WELCOME RECEPTION
2:30 p.m.
2:30 – 4:30 p.m.

Meeting Registration

3:00 – 3:30 p.m.

Asaph Hall Memorabilia and Mars Space Art Exhibit Inaugural

3:30 – 4:30 p.m.

Welcome Reception
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Tuesday, November 6, 2007
WELCOME
8:00 a.m. Main Ballroom
8:00 a.m.

WELCOME AND LOGISTICS; CONFERENCE OBJECTIVES
(P. Lee and C. McKay)
SCIENCE SESSION
8:30 a.m. Main Ballroom

Chairs:

P. Thomas
J. -P. Bibring

8:30 a.m.

Dick S. J. * [KEYNOTE]
The Discovery and Exploration of Phobos and Deimos [#7013]

9:00 a.m.

Thomas P. C. * [INVITED]
The Surfaces of the Martian Satellites: Mysteries, Conundrums, and Relations to
Other Small Objects [#7009]

9:15 a.m.

Rivkin A. S. * [INVITED]
The Composition of Phobos and Deimos: Constraints and Questions [#7022]

9:30 a.m.

BREAK

9:45 a.m.

Gladman B. * [INVITED]
Origin and Evolution of Phobos and Deimos [#7049]

10:00 a.m.

Hartmann W. K. * [INVITED]
Phobos: Nature of Crater Populations and Possible Evidence for Interior Volatiles [#7048]

10:15 a.m.

Espley J. R. * Knez C. Hamilton D. P. Connerney J. E. P.
Dust Rings from Phobos and Deimos? [#7041]

10:30 a.m.

Sauer K. * Dubinin E.
Phobos/Deimos Effects in the Solar Wind [#7017]

10:45 a.m.

Singer S. F. *
Origin of the Martian Satellites Phobos and Deimos [#7020]

11:00 a.m.

BREAK

11:15 a.m.

DISCUSSION; SCIENCE (P. Thomas, Chair)

11:45 a.m.

LUNCH

12:15 p.m.

Worden P. * [KEYNOTE]
Phobos, Deimos, and the Vision for Space Exploration

12:45 p.m.

BREAK
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Tuesday, November 6, 2007
ROBOTIC RECONNAISSANCE SESSION
1:00 p.m. Main Ballroom
Chairs:

A. Zakharov
R. Richards

1:00 p.m.

Hoffmann H. * Willner K. Oberst J. Giese B. Gwinner K. Matz K.-D. Roatsch T.
Jaumann R. Duxbury T. Neukum G.
Ongoing Observations of Phobos and Deimos by the HRSC Experiment on Mars Express [#7023]

1:15 p.m.

Murchie S. * Choo T. Humm D. Rivkin A. Bibring J.-P.
Roush T. Duxbury T. CRISM Team
MRO/CRISM Observations of Phobos and Deimos [#7005]

1:30 p.m.

Safaeinili A. * Cicchetti A. Nenna C. Calabrese D. Jordan R. Duxbury T. Plaut J.
Picardi G. Flamini E. Plettemeier D.
Radar Sounder Observation of Phobos [#7046]

1:45 p.m.

Zakharov A. * Project Science-Design Team [KEYNOTE]
Phobos Sample Return Mission [#7037]

2:15 p.m.

Warmflash D. * Ciftcioglu N. Fox G. E. McKay D. S. Friedman L. Betts B. Kirschvink J.
Living Interplanetary Flight Experiment (LIFE): An Experiment on the Survivability of
Microorganisms During Interplanetary Transfer [#7043]

2:30 p.m.

BREAK

2:45 p.m.

Fraze R. * Svitek T. Betts B. Friedman L. D.
Phobos-LIFE: Preliminary Experiment Design [#7040]

3:00 p.m.

Blake D. F. * Nguyen C. V. Ribaya B. P. Niemann D. Rahman M. Dholakia G. R.
Aalam A. Ngo V. McKenzie C. Joy D. Espinosa B.
Spaceflight Microfabricated Scanning Electron Microscope and
X-Ray Spectrometer (MSEMS) [#7002]

3:15 p.m.

Ball A. J. * Franchi I. A. Murray J. B.
Integrated Studies of Phobos and Deimos — Remote, In Situ and Laboratory Investigations [#7018]

3:30 p.m.

Richards R. * Lee P. Hildebrand A. PRIME Team
PRIME (Phobos Reconnaissance and International Mars Exploration): A Phobos Lander Mission to
Explore the Origin of Mars’s Inner Moon [#7045]

3:45 p.m.

Gellert R. *
Suitability of an APXS for Phobos and Deimos Missions [#7028]

4:00 p.m.

BREAK

4:15 p.m.

DISCUSSION; ROBOTIC RECONNAISSANCE (R. Richards, chair)

4:45 p.m.

ADJOURN FOR THE DAY

Langevin Y. Gondet B.
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Wednesday, November 7, 2007
LOGISTICS AND SUMMARY
8:00 a.m. Main Ballroom
8:00 a.m.

LOGISTICS; SUMMARY OF DAY ONE
(P. Lee and C. McKay)
HUMAN EXPLORATON SESSION
8:30 a.m. Main Ballroom

Chairs:

S. Hoffman
P. Lee

8:30 a.m.

TBA [KEYNOTE]

9:00 a.m.

Singer S. F. * [INVITED]
To Mars Via Its Moons Phobos and Deimos (Ph-D Project) [#7021]

9:15 a.m.

Landis R. R. * Korsmeyer D. J. Abell P. A. Adamo D. R. Jones T. D. Lu E. T. Lemke L.
Gonzales A. Gershman R. Morrison D. Sweetser T. Johnson L.
Prelude to Human Exploration of Phobos and Deimos: The NEO Factor [#7031]

9:30 a.m.

BREAK

9:45 a.m.

Stooke P. J. *
Mars Sample Return Via Phobos Cache and Human Retrieval [#7001]

10:00 a.m.

De Angelis G. * Badavi F. F. Blattnig S. R. Clowdsley M. S.
Singleterry R. C. Jr. Wilson J. W.
Time-dependent Models for the Radiation Environment of Planet Mars [#7007]

10:15 a.m.

Vazquez M. E. * [INVITED]
Human Exploration of Phobos and Deimos: Radioprotection Issues [#7050]

10:30 a.m.

West M. D. * Lee P.
Human Exploration of Phobos and Deimos: Engineering Challenges and
Unique Opportunities [#7032]

10:45 a.m.

Lee P. *
Phobos-Deimos ASAP: A Case for the Human Exploration of the Moons of Mars [#7044]

11:00 a.m.

BREAK

11:15 a.m.

DISCUSSION; HUMAN EXPLORATION (S. Hoffman, chair)

11:45 a.m.

LUNCH
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Wednesday, November 7, 2007
POSTER SESSION
12:15 p.m. Main Foyer
Blake D. F. Sarrazin P. Bish D. L. Chipera S. J. Vaniman D. T. Ming D. Morris D. Yen A.
Remote Mineralogical Analysis as a Window into the Origin and Processing of Solar System Objects [#7003]
Desportes C.
Phobos Spectral Overview: Suggestions for Future Orbital Measurements [#7004]
Jacobson R. A.
The Orbits of the Martian Satellites [#7039]
Kremic T. Dankanich J. W.
In-Space Propulsion Technologies for the Exploration of Phobos and Deimos [#7042]
Mistry A. H.
Mining on Phobos and Deimos [#7015]
Nakhodneva A. A. Perov N. I.
On a Problem of Evolution of Orbits of Phobos and Deimos [#7011]
Palomba E. Longobardo A. D’Amore M. Battaglia R. Della Corte V. Ferrini G.
MATI: An Instrument for the Detection of the Martian Tori [#7033]
Palomba E. Korablev O. Grigoriev A. AOST International Team
AOST: An Infrared Spectrometer for the Phobos-Soil Mission [#7035]
SYNTHESIS SESSION
1:00 p.m. Main Ballroom
Chairs:

P. Lee
J. Veverka

1:00 p.m.

SYNTHESIS SESSION (P. Lee, Moderator)

2:00 p.m.

MEETING ADJOURNS
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THE DIRTY ICE FLOW ON MARTIAN MOONS, ANALOGUE AND PROTOTYPE MODELS
P. Aftabi, Geological Survey of Iran, PO Box 13185-1494, Ped_Aftabi@yahoo.com
Mars has two very small satellites called Phobos and
Deimos( Hall 1887 reviewed in[7]) with 22.2 and 12.6 km
across respectively[15]which surfaced by deposits[5]as a
thick regolith or dust and with a significant interior ice or ice
and rock mixture[8,4&6]. The structure between salt and
ice(and ice rock mixture) is very similar[2,9]and experiments
suggest that ice flow[2,3].
The mixture of the ice and rock in the deeper part and
mixture with high amount of ice in the upper parts modeled
by author in the experiments with different amount of water
and sand in fridge. This type of experiments with the
material same to proto type is novel and designed by author
not only for the Martian moons but also for the Martian
brines [In prep.].The water is special material with high
conductivity which show deformations in very short time and
produce similar structures but in small scales by temperature
changes. In these experiments sand fragments cemented by
ice and produced a sandstone with ice cement(Fig1 a,b).The
soil (layer A,B,C in Fig1b) generated by water cycling in
small scale model(5×5×3cm) after 24,48,72 hours. The cover
soil increased in thickness after every 24 hours in the small
protype model (Fig1a,b).The experiment suggest that the ice
act as cement for the primary rock mixture but evaporated
very rapidly after few minutes.
In nature the dry rivers are covered by dust or residual
deposits. The PDMS 36[10] suggested for modeling viscous
materials like salt or ice [9, 1, 2&3].
Sand and PDMS mixture is good material for the simulations
of the Ice and basalt articles in the Martian moons. The
experiments showed that the ice and rock mixture flow more
slowly in compare to pure ice(Figs c to n).However the icerock mix sheets are surrounded by other sheets suggest
forming of upright folds in the upper part of the suture fronts
of viscous sheets(Figs 1 m,n). The models (Figs 1c to n)and
field studies on viscous sheets on Earth(Iranian salt glaciers)
and also photo geology of the Martian moons(subscribed)
suggest that the flow folds change from top to lower part of
the flowing sheet(Figs 1m,n). The marker layers refolded by
major recumbent folds by changes in the spreading rates[9]
The measurements suggest that the rate of flow in the surface
salt of the Mars planet( and any related moon) is much
slower than Earth because of temperature fall[2].If the planet
is cold and covered by deposits the channel very soon can be
cover by the new deposits. The experiment and field study
showed that the flow rate have a positive relationship with
temperature [1, 2&3]. The flowing material formed
caterpillar tank track fold(Figs c,d,e) in all viscous spreading
sheets, specially similar structure formed on scale models of
the Martian moons(Figs f to k).
Both the physical analogue modeling and novel protype
modeling suggest that the ice and ice rock mixture layers
spread but in different rates.The author’s experiments show
that the PDMS with 50% sand flow as a viscous material
similar to a PDMS sheet with no sand content but the rate
is1/5 rate of that (Figs 1 f to k). Means that the ice and rock
mixtures flow in similar manner as pure ice (Figs, 1c to
k).Most of the viscous material on Martian moons are blind
and covered by deposits which generated suture areas
between different sheets (Figs 1 l, m).The viscous sheets

indent each others base on the rate of spreading, viscosity
height and hardness (Fig l, m). The elastic movements may
generated very shallow folds as lineaments in the map view
(subscribed).

Conclusion: The structural analysis by photo geology
investigated traces on the Martian moons (subscribed). The
analogue and protype models confirm the finding and
suggest that the linear structures on the pictures by NASA [7]
probably are related to the flowing dirty ice material in
depth. The thermal conductivity may decrease the volume of
ice by evaporation(Figs 1 a,b), but the experiments and field
studies in earth glaciers suggest that thin skin deformation is
as a cap for the ice in depth because it is thickened by
deformations with probable upright folds(Figs l.m). The
potential roles of Phobos and Deimos in future human is very
important , because the structural lineaments and probably
drainage pattern which disappeared during time by ductile
deformations suggest that the Martian moons may involve in
water cycling.
References:
[1]Aftabi,P., et al.,2005,Radar,Houston,Texas,LPI ,p.6012.
[2]Aftabi,P.,2006(1),Polar,Davos,Switzerland.LPI,
No.
1323,
p.8059.[3]Aftabi,P.,2006(2),EGU,Vol.8,P.7962.[4]Avanesov
G,
et
al.,1991,Planet Space Sci. 1991;39(1-2):281-95.[5]Clark, R. N. et al.,1986,
University of Arizona Press, p. 437-491.[6]Fujiwara, A.,1991, Icarus ,
vol.89,1991,p.384-391.
[7]http://WWW.NASA.Gov.[8]Smith, D. E.etal.,1995,Geophysical
Research Letters, Volume 22, Issue 16, p. 2171-2174.
[9]Talbot,C,J; Aftabi,P.,2004,Journal of the Geological Society, Volume
161, Number 2, 2004 , pp. 321-334(14).
[10]Weijermars,R.,1986,Naturwissenschaften,73,33pp.
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THE WATER TRACES AND STRUCTURAL LINEAMENTS ON MARTIAN MOONS
P. Aftabi1 ,1Geological Survey of Iran, PO Box 13185-1494, Ped_Aftabi@yahoo.com
Mars has two very small satellites called Phobos and
Deimos(Asaph Hall 1887 reviewed in[11]) with 22.2 and
12.6 km across respectively[14]which surfaced by hydrated
and opaque materials[6] as a thick regolith or dust and with a
significant interior ice[21,13]interstitial ice[4]and basalt
articles and ice cement [12].The presence of streamers on
Deimos make it different from what would occur with
asteroids[18]and suggest a probable water content in present
or past. Water is constantly in motion, called water cycling
[9]. Increasing interest in the exploration of other worlds for
water in our solar system implies the growing need for photo
geology with combining with modeling. The photo geology
by author on the picture prepared by NASA [10] suggest the
water flow of the Pre impact period of the moon Phobos
(Fig1g, h, i) on the structural lineaments. The flowing traces
of water showed between the old and new craters (Figs b, c)
which cross the lineaments on the surface. A type of unknown
depositions at the bottom of a craters suggesting that the
bulk composition is inhomogeneous [11]and may water
cycling resulted to form small scale lakes. The size of craters
analyzed are 0.8-2km,1.5-10 km, and 0.2-3.5 km in diameter
respectively on Deimos,phobos and lunar[14].Two sets of
craters distinguished by author which the older set is
bigger(Fig c). The presence of a gas ring [15]suggest
temperature increasing which may was important for the
evaporation of water from the ice rock mixture of the crust in
the impact time. The evaporation of pure liquid water
(brines) and ice-water [20, 17] was as a function of
temperature [19, 12]. A regolith barrier on top of the ice
could extend the life time of an ice layer and enable the
formation of liquid by slowing evaporation and warming the
surface [8, 5, and 16]and thickened by folding(Figs j,k).In
Mars position with Vapor pressure of about 1 milibar ice
change to vapor straightly [11]. The geomagnetic surveys
observed around the Martian moons [7]and structural
pattern(Figs a,b) of the flow folds and fitted drainage may is
related to a probable magnetic field formed by Hundreds of
Auroras on Mars or by solar winds. The PDMS 36[23]
suggested for modeling viscous materials like salt or ice [22,
2].The scaling models suggest that the sand and PDMS are
good materials for the simulations of the Ice and basalt
articles in the Martian moons. Other analogue modeling with
40 %sand and 60%PDMS showed that the mixture of ice and
rock flow with rate lower than ice (subscribed). In the
analogue modeling of the craters used a rock ball which felt
artificially from the distance about 20-30 cm from above to
the model by basal PDMS(ice) and cover deposits(sand).The
model suggest that the ice beneath the impact crater thinned
after few minutes but extruded after few hours. The extrusion
ice in the crater is similar to the viscous extrusions on Earth
(Figs d, e, and f)when the flowing material underneath
extended and thinned and the cover depressed around the
crater. The structure s in salt and ice (and ice rock mixture)
is very similar [2], because they are viscous material (Figs j,
k). The flow folds change from top to lower part of the
flowing sheets similar to the salt glaciers on Earth (Figs
j&k).The flowing material on Earth formed overturned to
upright folds from the lower part to the surface(Fig
j).However the similar traces may result in the folding of the

surface soil by the movements of the underneath salt glacier
on Earth(Figs j,k)which is applicable model for the ice and
rock mixture, because the dirty ice flow but in very slow
rate(subscribed).The water cycling and flow of the water was
in relation with synformal-antiformarl axis. The antiforms
later upraised but the flowing lines of the water content
covered more rapidly with advantage of the flowing blind
sheet of ice and rock mixture in the through of synforms
depressions (Figs,j,l).The Experiments by author suggest that
any channel in the flowing material can be hidden after a
short time of spreading. The measurements suggest,
decreasing in rate of flow by temperature fall [2]and daily
cycle elsto-plastic kinematics[1, 3]which generated some
thin skinned folds(Fig j).The photo geology showed that the
streamers,
craters and structures have a possible
relationships in water cycling. The analogue and protype
models (subscribed) confirm the finding and suggest that the
ice and water cycling may exist on the Martian moons. The
possible dirty ice or ice and rock mixture is below the 1 km
thick folded deposits. Although the thermal conductivity
may decrease the volume of ice(subscribed), but the traces
may result in a thickened regolith barrier for evaporation in
cycling system The Martian moons need robotic sampling
and excavations for better understanding of these structural
and morphological relationships. The best areas to reach to
the ice are centre of the craters. The potential role of Phobos
and Deimos in future human is very important, because the
structural lineaments and probably drainage pattern which
disappeared during time by ductile deformations.

References:
[1]Aftabi,P.,etal.,2005,Radar,HoustonTexas,LPI,p.6012.[2]Aftabi,P.,2006(1),
PolarDavos,Switzerland.LPI1323,p.8059.[3]Aftabi,P.,2006,EGU,Vol.8,P 7962.[4]Avanesov
G, et al.,1991,Planet Space Sci. 1991;39(1-2):281-95.[5]Bryson,K.L.,et al,2007,Lunar and
Planetary Science XXXVIII,PDF 1246.[6]Clark, R. N. et al.,1986, University - Arizona, p.
437-491.[7]Dubinin, E. M. et al., 1989, Planet Space Sci , vol. 39, p. 123-130.[8] Farmer,
C.B. (1976),Icarus, 28, 1344.[12]Fujiwara, A.,1991, Icarus , vol. 89, Feb. 1991, p. 384-391.
[9]Garrels, R.M. et al. 1975, In: Global Environment. William Kaufmann, Inc. 206
pp.[10]http://mars.jpl.nasa.gov.[11]http://WWW.NASA.Gov.[12]Ingersoll, A.P (1969)
Science, 168.[13]Konopliv,A.S. et al.,2006, Icarus Volume 182, Issue 1, Pages 23-50.
[14]Lee, S. W. et al.,1986, Icarus , vol. 68, Oct. 1986, p. 77-86.[15]Ip, W.H.;
Banaskiewicz,M.,1990,GRL,Vol/Issue: 17:6,pp857-860.[16]Lucchitta, B. K.,1983, LPI,
14th, Houston, TX,14-18.[17] Moore, S. R. and Sears,D.W.G.,2006,Astrobiology, 6,
644.[18]Pang, K. D. et al.,1983, JGR, Vol. 88, p. 2475-2484.[19]Sears, D.W.G.and
Chittenden, J.D. (2005) GRL, 32, L23203.[20]Sears, D.W.G and Moore, S.R. (2005)GRL
32 (16) L16202.[21]Smith, D. E. et al.,1995,GRL, Volume 22, Issue 16, p. 21712174.[22]Talbot,C,J&Aftabi,P.,2004,JGS,Vol.161, Number2,2004,pp.321334(14).[23]Weij
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INTEGRATED STUDIES OF PHOBOS AND DEIMOS – REMOTE, IN SITU AND LABORATORY
INVESTIGATIONS. Andrew J. Ball1, Ian A. Franchi1 and John B. Murray2, 1Planetary and Space Sciences Research Institute, Centrre for Earth, Planetary, Space and Astronomical Research, The Open University, Walton Hall,
Milton Keynes MK7 6AA. Email: A.J.Ball@open.ac.uk. 2Department of Earth Sciences, Centrre for Earth, Planetary, Space and Astronomical Research, The Open University, Walton Hall, Milton Keynes MK7 6AA.
We present views from The Open University on
complementary remote, in situ and laboratory investigations of the martian moons. Work done at the OU
includes analysis of the Phobos grooves [1], geochemical sample analysis techniques, and work with
academic and industrial partners on defining and proposing possible future mission architectures and payloads.
For ESA’s Aurora programme, we recently proposed Deimos Sample Return (DSR). We had previously also examined a mission to send an orbiter to
study each moon in turn, and a lander-carier to deploy
a surface element to the surface of Deimos [2].
For sample return, 200 g of material would be
highly desirable from either moon. Assuming the
Фобос-Грунт (Phobos-Grunt) sample return is successful, we favour Deimos as a sample return target.
Although Phobos exhibits at least two distinct surface
units in the IR, Deimos remains essentially unexplored
since Viking. DSR has previously been proposed, although in the end not selected, for the US Discovery
programme (Aladdin and Gulliver).
Scientifically, sample return from a martian moon
offers essentially the same science as from a primitive
asteroid, PLUS information on its origin and history in
Mars orbit, and the prospect of acquiring material
originating from Mars itself. Having orbited Mars for
some time, during which Mars has experienced a number of large meteorite impacts, the moons should have
intercepted some of the resulting ejecta. Indeed, such
collisions are strongly suspected to have caused the
families of surface grooves on Phobos [1]. While we
believe we have samples of Mars already here on Earth
in the form of martian meteorites, they represent 2, or
possibly 3 discrete localities on the surface of Mars.
Their exposure ages all indicate ejection in the past 1015 million years. All the meteorite samples are igneous
rocks – once again, this suite of samples is strongly
biased towards what can survive terrestrial atmospheric entry as recognisable material. Smaller fragments of martian sedimentary rocks – abundant from
rover and high-resolution orbital imaging of the martian surface – should be present on the martian moons.
Debris from a much wider range of impact events
stretching back much further into the history of Mars
might be present. The fraction of surface material

originating from Mars has been estimated to be several
percent.
Many technologies needed for Mars Sample Return
(MSR) must (or can) be demonstrated in a highly representative environment throughout the whole functional chain: aseptic assembly; transfer to Mars; precision soft landing; sampling techniques; sample containment consistent with martian planetary protection
regulations; biosealing of sample canister; return to
Earth with high speed re-entry and recovery; sample
curation and laboratory analyses. A martian moon
sample return could be achieved without costs and
risks incurred by entering the Martian atmosphere at
high speed, descending to the surface into a deep
gravitational well, collecting a sample during a lengthy
deep drilling operation, and ascending back again from
there and undertaking a rendezvous/capture manoeuvre.
The core science investigations for DSR need comprise only those necessary for successful sample acquisition and documentation (e.g. multispectral (Vis/NIR)
imager, the sampling system itself and a stereo descent/ascent camera). The vast majority of the geochemical science is performed in terrestrial laboratories, as for MSR. This involves detailed, complex
analyses, utilising high precision and high sensitivity
instruments that are entirely unfeasible to contemplate
flying as remote or in situ instruments for a considerable stretch into the future. A wide range of laboratory
techniques is now available, and able to work with mg
samples, analysing their constituents at the ppm and
ppb levels, much more precisely than achievable in
situ. Most recently, considerable improvement in the
suite of techniques has been achieved through participation in the analysis of samples from Stardust and
Genesis.
Also to be considered, if resources allow, are in
situ measurements to provide ground-truth for remote
sensing, and geophysical measurements. Such measurements might include: penetrating radar; libration
measurements; radio science; spectrometers (near-IR,
alpha-X-ray or X-ray fluorescence, gamma ray, etc.);
magnetometry; in situ physical properties.
References: [1] Murray, J. B. et al. (2006), LPS
XXXVII, 2195. [2] Ball, A. J. et al., Mars Phobos and
Deimos Survey (M-PADS) - A Martian Moons Orbiter
and Phobos Lander. Adv. Space Sci., submitted.
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SPACEFLIGHT MICROFABRICATED SCANNING ELECTRON MICROSCOPE AND X-RAY
SPECTROMETER (MSEMS). DAVID BLAKE1, CATTIEN V. NGUYEN2, BRYAN P. RIBAYA2,3, DARREL
NIEMANN2,3, MAHMUD RAHMAN3, GEETHA R. DHOLAKIA2, ADNAN AALAM2, VINH NGO2, CHRIS
MCKENZIE4, DAVID JOY5, and BOB ESPINOSA4, 1 MS 239-4, NASA Ames Research Center, Moffett Field,
CA 94035 (dblake@mail.arc.nasa.gov),2 MS 229-1, NASA Ames Research Center, Moffett Field, CA 94035,
3
Department of Electrical Engineering, Santa Clara University, Santa Clara, CA 4InXitu, Inc., Mountain View, CA,
5
Oakridge National Laboratory, Oakridge, TN
Introduction: One of the most powerful techniques for the characterization of natural samples is
Scanning Electron Microscopy combined with electron-induced X-ray Fluorescence Spectroscopy (SEMEDX). Natural processes that can be elucidated with
SEM-EDX include low-temperature diagenesis, thermal or pressure induced metamorphism, volcanism/magmatism, atmosphere/crust interaction and the
like. This information is useful in elucidating the natural history of solar system objects such as Phobos and
Deimos, and in providing a spatial and temporal context for other concurrent measurements such as isotopic analysis or radiometric dating.
The MSEMS Instrument: The MSEMS will incorporate a novel cathode technology utilizing a carbon nanotube field emitter (CNTFE). The use of a
CNTFE cathode is advantageous from the standpoint
of low power usage, ultrasmall source size and simplicity of the electrostatic focusing and scanning elements. The electron source, electron optical column
and sample stage assembly of the prototype MSEMS
instrument are envisioned to be 1-2 cm in height.
MSEMS will operate in the range 500 eV - 15 KeV
and will be used to demonstrate the feasibility of a
miniaturized but highly capable SEM-EDX instrument,
and its relevance to planetary science.
Progress to Date: MSEMS technology development is being pursued concurrently in three areas:
Electron source, MEMS electron column and Sample
Stage. A key feature of the design is that the electron
gun and MEMS column are fixed-focus, having a stationary electron beam; Gross sample movement, scanning and focusing are accomplished with a precision 3axis piezo-driven stage.
Carbon nanotube electron source. Two features of
the emitted electron beam that are necessary for highresolution electron microscopy are low energy spread
and high brightness, both of which are improved in an
individual CNT in comparison to conventional electron
sources. Energy spreads as low as 0.2 eV have been
reported for a single CNT emitter. Brightness values
of 1-3×109 A sr-1 m-2 V-1 have been achieved for carbon nanotube emitters. These values are more than an
order of magnitude greater than those of other known

electron emitters. We have demonstrated a fabrication
technique utilizing a Si based cathode structure for a
robust CNT emitter. A stable and reproducible emission current >100 nA from was achieved, more than
suffient for the MSEMS application.
MEMS Electron Column. The nature of the CNT
electron source, fabricated from a Si microstructure
allows for complementary integration of micro-electromechanical-system (MEMS). The electron extractor is
being fabricated using a metal coated Si3N4 membrane.
The extraction aperture will be integrated with the
CNT electron source and will serve as the base on
which the electron optics will be fabricated using silicon based electrostatic lenses.
Piezoelectric Sample Stage. Emission current from
the tip at the extractor will be used to regulate the
height\alignment of the sample relative to the column.
Scanning to create 2-D images will be performed
through piezo X-Y sample stage movement rather than
by beam deflection and rastering. Piezo-based movements driven by STM-like electronics typically allow
scan ranges from a few angstroms to several hundreds
of microns. This highly compact and lightweight design combined with its high resolution makes it an
ideal tool for spaceflight instrumentation.
Conclusions: At the present time, landed in-situ
imagery of rocks or soil has an ultimate spatial resolution of tens of microns (e.g., the “hand lens” camera
aboard MER), and compositional data are obtained
from surface areas of at least one cm diameter (e.g., the
APXS aboard MER). MSEMS will offer an improvement of at least two orders of magintude in these measurements, yielding data at or below the scale length of
the mineral phases or grains in soil, dust and rocks.
Laboratory-quality high resolution imagery and elemental analysis are important to planetary science;
with no sample return missions presently planned or
approved, there will be no prospect of performing this
level of resolution of imagery or analysis in terrestrial
laboratories for the next 1-2 decades.
Acknowledgements: This research was conducted
under a NASA Planetary Instrument Design and Development Program (PIDDP) grant awarded to DFB.
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REMOTE MINERALOGICAL ANALYSIS AS A WINDOW INTO THE ORIGIN AND PROCESSING OF
SOLAR SYSTEM OBJECTS D.F. Blake1, P. Sarrazin2, D. L. Bish3, S. J. Chipera4, D. T. Vaniman4, D. Ming5, D.
Morris5 and Albert Yen6. 1NASA ARC, MS 239-4, Moffett Field, CA 94035 (dblake@mail.arc.nasa.gov), 2 InXitu, Inc., 2551 Casey Ave. Ste A, Mountain View, CA 94042, 3Dept. Geological Sciences, Indiana University,
Bloomington, IN 47405, 4Hydrology, Geochemistry, and Geology, Los Alamos National Laboratory, MS D469, Los
Alamos, NM 87545, 5NASA Johnson Space Center, Houston, TX 77058, MS 300-315L, Pasadena, CA 91109,
6
MS 183-501, Jet Propulsion Laboratory, Pasadena, CA 91109

Introduction: The surface mineralogy of the
rocky satellites of the inner solar system contains a
record of their origin and post-formational processing.
Impact metamorphism, impact gardening, accretion /
ablation, weathering, hydrothermal processing and the
like can all be elucidated through mineralogical analysis. The key role that mineralogy plays is a consequence of the fact that minerals are thermodynamic
phases, having known and specific ranges of Temperature, Pressure and Composition (T, P, X) within which
they are stable. More than simple compositional
analysis, mineralogical analysis can provide information about pressure/temperature conditions of formation, water activity, the fugacity (activity) of volatile
materials and the like.
Mineralogical analysis by X-ray Diffraction
(XRD): Minerals are defined as unique structural and
compositional phases that occur naturally. There are
only about 15,000 known minerals, all characterized
using X-ray diffraction and cataloged in databases such
as the ICDD powder diffraction file. X-ray diffraction
is the principal means of identification and characterization of minerals on Earth.
Modern X-ray diffraction methods are able to identify all minerals in a complex mixture using full-pattern
fitting methods such as Rietveld refinement.1 When Xray amorphous material is present, Rietveld refinement
can determine the relative amount of amorphous material. When combined with XRF data, this will provide
as complete a mineralogical characterization as is possible, by any remote technique.
The CheMin XRD/XRF instrument: CheMin is a
compact XRD/XRF instrument that has been under
development at NASA Ames Resarch Center since
1991.2-4 NASA was awarded a patent for the concept
in 19965 and an R&D 100 award in 1999. CheMin
was selected for flight as an analytical laboratory instrument on the Mars Science Laboratory (MSL ’09)
mission in 2004. The instrument consists of 3 components (see figure 1); an X-ray source, a transmission
sample holder and an energy-discriminating CCD
which records both XRD and XRF data simultaneously. The CCD is operated in single photon counting
mode such that both the x,y position and the energy of
each detected photon can be recorded. Characteristic

X-rays from the source are summed into a 2-D diffraction pattern (used for determining the amount and
identity of each mineral). All detected X-rays are
summed into an energy histogram from which the elemental composition of the sample is determined.
XRD

EDS

Figure 1. Geometry of the CheMin instrument. A collimated beam of X-rays passes through a powdered sample
held between two X-ray transparent windows. Diffracted
and fluoresced X-rays are detected by an energydiscriminating CCD and are used to create an X-ray diffraction pattern (upper right) and an energy-dispersive X-ray
fluorescence spectrum (lower right).

Phobos and Deimos: The satellites of Mars are
thought to be captured objects which originated at
greater radial distances from the sun. Landed robotic
missions to these moons could provide mineralogical
ground truth for a whole class of asteroids that may
have been the source of carbonaceous chondrites –
primitive meteorites which contain a few % carbon
including abiotic organic compounds that could have
played a role in the origin of life on Earth.
References: [1] Bish, D.L., and J.E. Post (1993)
Amer. Min. 78, 932–942.
[2] Blake, D.F., et al.,
(1992), LPSC XXIII, 117–118. [3] Vaniman, D. et
al., (1998). J. Geophys. Res. 103, 31,477-31,489. [4]
Sarrazin et al., (2005) Powder Diffraction 20(2), 128133. [5] Blake, D.F., et al., (1996) US Patent No.
5,491,738.
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TIME-DEPENDENT MODELS FOR THE RADIATION ENVIRONMENT OF PLANET MARS.
G. De Angelis1, F. F. Badavi2, S. R. Blattnig2, M. S. Clowdsley2, R. C. Singleterry Jr.2 and J. W. Wilson2
1
Istituto Superiore di Sanità, Rome, I-00161, Italy (Mail Code CNESPS, Istituto Superiore di Sanità, Viale Regina
Elena 299, Rome, I-00161, Italy, giovanni.deangelis@iss.it), 2NASA Langley Research Center, Hampton VA, USA.
Introduction: The radiation protection is one of the
two NASA highest concerns priorities [1]. In view of
manned missions targeted to Mars [2], for which radiation exposure is one of the greatest challenges [3], it is
fundamental to determine particle fluxes and doses at
any time and at any location and elevation on and
around Mars [4]. With this goal in mind, models of
radiation environment induced by Galactic Cosmic
Rays (GCR) and Solar Particle Events (SPE) on Mars
have been developed [5]. The work is described [6] as
models of incoming cosmic ray [7-9] and solar events
[5-6] primary particles rescaled for Mars conditions
then transported through the atmosphere down to the
surface, with topography and backscattering taken into
account, then through the subsurface layers, with volatile content and backscattering taken into account,
eventually again through the atmosphere, and interacting with some targets described as material layers. The
atmosphere structure has been modeled in a timedependent way [10-11], the atmospheric chemical and
isotopic composition over results from Viking Landers
[12-13]. The surface topography has been reconstructed with a model based on Mars Orbiter Laser
Altimeter (MOLA) data at various scales [14]. Mars
regolith has been modeled based on orbiter and lander
spacecraft data from which an average composition
has been derived [4-6]. The subsurface volatile inventory (e.g. CO2 ice, H2O ice), both in regolith and in the
seasonal and perennial polar caps, has been modeled
vs. location and time [15-16]. Models for both incoming GCR and SPE particles are those used in previous
analyses as well as in NASA radiation analysis engineering applications, rescaled at Mars conditions [4-6].
Preliminary models have been developed for the surfaces of the Martian satellites Phobos and Deimos.
Results: Particle transport computations were performed with a deterministic (HZETRN) code [17]
adapted for planetary surfaces geometry and human
body dose evaluations [4]. Fluxes and spectra for most
kinds of particles, namely protons, neutrons, alpha
particles, heavy ions, pions, muons etc., have been
obtained. Neutrons show a much higher energy tail
than for any atmosphereless bodies [4]. Results have
been obtained for different surface compositions: only
at the latitudes closer to the equator the soil is mostly
silicatic regolith, whereas for northern or southern
locations a suitable mix, with variable ice concentration with time, of ices of water and carbon dioxide

needs to be used [4-6]. Results have been calculated
for different locations and atmospheric properties
models [4-6]. The results obtained with these models
differ from those from other models obtained with a
simplified model of the Martian atmosphere (single
composition, single thickness, no time dependence)
and with a regolith-only (no-volatiles) surface model
[18]. This Mars Radiation Environment Model will be
tested against spacecraft data (e.g. Co-Investigator in
the LIULIN-PHOBOS onboard the PHOBOS-GRUNT
spacecraft from the Russian Space Agency RKA).
Conclusions: Models for the radiation environment to be found on the planet Mars have been developed. Primary particles rescaled for Mars conditions
are transported through the Martian atmosphere, with
temporal properties modeled with variable timescales,
down to the surface, with altitude and surface backscattering patterns taken into account. The work is
being extended to the Phobos and Deimos surfaces.
The Mars Radition Environment Model will be tested
with the data from spacecraft instruments in the future.
Acknowledgements: The authors are indebted
with K.Y. Fan, S.H. Husch, B.D. Johns, W.A. Mickley, and G.D. Qualls for they invaluable help. This
work has been partly performed under the NASA Research Grant NCC-1-404. This work is dedicated to
the memory of Anna Rita Frittella Vagata.
References: [1] O’Keefe, S. (2002)
http://www.spaceflightnow.com/news/n0203/27okeefe
[2] Cucinotta F.A. et al. (2001) Radiat. Res., 156, 682688. [3] Hoffman S. J. and Kaplan D. L. (1997) NASA
SP-6107. [4] De Angelis G. et al. (2004) Adv. Space
Res., 34, 1328-1332. [5] De Angelis G. et al. (2006)
Radiat.Meas.., 41, 1097-1102. [6] De Angelis G. et al.
(2007) Nucl.Phys. B, 166, 184-202. [7] Badhwar G. D.
et al. (1994) Radiat. Res., 138, 201-208. [8] Badhwar
G. D. and O’Neill P. M. (1996) Adv. Space Res., 17, 717. [9] Wilson J. W. et al. (1999) NASA TP-209369.
[10] Justus C. G. and D. L. Johnson (2001) NASA
TM-2001-210961. [11] Justus C. G. et al. (1996)
NASA TM-108513. [12] Owen T. K. et al. (1977)
JGR, 82, 4635-4639. [13] Levine J. S. (1985), The
Photochemistry of Atmospheres, Academic Press, New
York. [14] Smith D. E. et al. (1999) Science, 284,
1495-1503. [15] Christensen P. R. and Zurek R. K.
(1984) JGR, 89, 4587-4596. [16] James P. B. et al.
(1987) Icarus, 71, 298-305, 1987. [17] Wilson J. W. et
al. (1995) NASA TP-3495. [18] Saganti P. B. et al.
(2004) Space Scie. Rev., 110, 143-156.
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PHOBOS SPECTRAL OVERVIEW: SUGGESTIONS FOR FUTURE ORBITAL MEASUREMENTS.
C. Desportes, International Space University, Strasbourg, France (camille.desportes@marsinstitute.net).
Different measurements of Phobos spectral properties and density have been taken from space and from
the earth’s surface over the last 40 years. Many hypotheses have been evoked about its composition and
origin, but with no certitude to date. This study summarizes the knowledge we have on Phobos based on the
interpretation of the main data collected, and provides
suggestions of future orbital measurements to better
answer the remaining fundamental questions.
Based on a methodic overview of Phobos past and
recent spectral investigations [1 to 10], the main facts
presented by this study are reported in the discussion
below.
Phobos spectral interpretation is made difficult by
the spectral heterogeneity present on such a small
body. However, the surface division may be linked to
the relatively giant Stickney crater.
In light of its small size, it is more reasonable to
suppose that Phobos is a homogeneous body coherent
with the similar 1,65m-normalized spectral slopes
found by Rivkin et al. [9], and possibly covered by a
thin dust layer, consistent with the fine-grained material mentioned by Roush and Hogan [8]. This would
allow us to explain the spectral difference with geomorphologic effects related to the Stickney crater.
As the Stickney crater shock must have excavated
Phobos’s soil, the bluer unit is thought to be more representative of Phobos’s internal composition than the
redder one [7].
We saw that because of a lack of deep hydration
feature, and a steeper spectral slope, Phobos could not
be a (fresh) C-type asteroid [4].
In the study of Rivkin et al. [9], we noted that a Dtype asteroid spectra could match both Phobos units
but not with short wavelengths. The correlation between Phobos’s bluer unit and a T-type asteroid remains the best compromise with an immediate good
match.
Otherwise, the precise match between Phobos’s
bluer unit and the heated carbonaceous chondrite,
could be explained if Phobos was a C-type asteroid that
passed nearby the sun before being captured by Mars,
on the condition that this is dynamically possible.
The last possibility is that Phobos was made of
highly space-weathered mafic material, but Rivkin et
al. found no pyroxene feature in Phobos spectra and
the spectral match with lunar highlands is limited
shortward of 2.4m [9].

According to the incertitude and lack of data in past
investigations, and in order to validate or disclaim the
previous hypotheses, the following instruments
/measurements are suggested for a future Phobos orbiter:
(i) Infrared Imaging Spectrometer: gather precise
measurements at 1 and 2m for mafic mineral absorption, 3 and 6m for H2O and hydrated mineral absorption.
(ii) Thermal Emission Spectrometer: gather precise
measurements of surface thermal inertia to physically
characterize the external layer (particle sizes, coherence, and thickness).
(iii) Gamma Ray: determine the presence of ice in the
subsurface.
(iv) Ground Penetrating Radar (short wavelengths):
image the contrast between the expected thin-dry surface layer and an eventual presence of internal ice.
These instruments /measurements should complement
the actual data and significantly help to determine what
Phobos is made of and what its origin is.
Acknowledgement: This work was conducted
thanks to the generous support of the Mars Institute.
References: [1] Pang, K.D. et al. (1978), Science
199, 64–66. [2] Avanesov G. et al. (1991), Planet.
Space Sci. 39, 281–295. [3] Smith, D.E. et al. (1995),
Geophys. Res. Lett. 22, 2171–2174. [4] Bibring J.-P. et
al. (1989), Nature 341, 6242, 591–593. [5] Bell J. F. et
al. (1989b), Lunar Planet. Sci. 20, 58. [6] Grundy W.
M., and U. Fink (1992), Asteroids, Comets, Meteors
1991, pp. 215–218. [7] Murchie S. and Erard S.
(1996), Icarus 123, 63-86. [8] Roush T.L. and R.C.
Hogan (2000), Lunar Planet. Sci. 31, 1598. [9] Rivkin
A.S. et al. (2002), Icarus 156, 64-75. [10] Gendrin A.
and S. Erard (2003), Lunar Planet. Sci. 34, 1273.
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THE DISCOVERY AND EXPLORATION OF PHOBOS AND DEIMOS. S. J. Dick1

From Johannes Kepler in 1610 to Gulliver's Travels in 1726,
the moons of Mars played a role in the scientific imagination
long before their discovery. Numerous attempts were made
to find Martian moons, to no avail until the Mars opposition
of 1877. Asaph Hall's actual discovery of Phobos and Deimos on August 17 of that year – using the new 26-inch refractor of the U. S. Naval Observatory in Washington, D.C. –
is a story full of unexpected drama, including a crucial intervention by his wife, Angeline Stickney Hall. The discovery
was made because Hall came to doubt the conventional wisdom that "Mars has no moon," and because he searched
much closer to the planet by keeping Mars itself just out of
the field of view [1]. The moons were discovered only 85
and 34 arcseconds from Mars, with the inner and outer satellites at magnitudes 10 and 12 respectively. The news took
both the public and the astronomical world by storm. In
subsequent days much smaller telescopes spotted the two
moons. Hall continued his observations of the satellites until
October 31; these observations alone gave enough data for a
good determination of their orbits. Photometric observations
at Harvard indicated the diameter of the outer moon was
about six miles, and that of the inner moon seven miles.

In addition to increased scientific study, the Martian moons
have occasionally been the subject of popular culture. In
1912 Edgar Rice Burroughs published a story entitled "Under the Moons of Mars," in which he referred to the "hurtling
moons of Barsoom," the name by which the fictional Martians knew their planet. The story was printed in book form
in 1917 as A Princess of Mars, part of the famous John
Carter on Mars series. In 1955 science fiction writer Donald
Wollheim published his bracing adventure story The Secret
of the Martian Moons, and in 2000 Thomas Mallon published his more sedate novel Two Moons, set in Washington,
D.C. at the time of the discovery. With missions to Mars in
the 21st century, perhaps even with crews, the moons of Mars
are likely to receive increased attention both from science
and the general public.

Prior to the space age, studies of the Martian moons were
largely limited to their orbital motion. During the 1939 opposition U.S. Naval Observatory astronomer Bevan Sharpless – using the world's first operational Ritchey-Chrétien
telescope (the 40-inch also located in Washington), reported
a secular acceleration in the longitude of the satellites. Russian astrophysicist I. S. Shklovskii used this data and others
to argue that the Martian moons might be hollow and therefore artificial. Sharpless's secular acceleration results of
Phobos were confirmed at about 1/3 his value; this acceleration is now considered to be due to gravitational interaction
with Mars, known as "solid tides."

[2] Jürgen Blunck, Mars and its Satellites: A Detailed
Commentary on the Nomenclature (Smithtown, N.Y.: Exposition Press, 1977 and 1982).

References:
[1] Steven J. Dick, Sky and Ocean Joined: The U. S. Naval
Observatory, 1830-2000 (Cambridge: Cambridge University
Press, 2003), pp. 206-237.

The detailed nature of the satellites, including their elongated
potato shape and numerous craters, was revealed by Mariner
9 in 1971 and 1972. The earliest names for the surface features on the Martian moons were chosen by the IAU subcommittee on Phobos-Deimos Nomenclature, chaired by
Carl Sagan and adopted in 1973. Phobos features were
named after individuals involved with its discovery and exploration, including the craters Hall, Stickney and Sharpless.
Deimos features were named after literary and artistic allusions, including Swift and Voltaire [2]. Further observations
were made by the Viking Orbiter cameras in 1977, the Soviet
Phobos 2 mission in 1989, Mars Global Surveyor in 1998
and 2003, Mars Express in 2004, and from the surface of
Mars with the Spirit rover in 2005. Highlights from some of
these missions will be described. For many years the moons
of Mars have provided some of the best scientific data on the
evolution of small bodies in the solar system. Many scientific puzzles remain, including the origin of the moons.

1
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DUST RINGS FROM PHOBOS AND DEIMOS? Jared R. Espley1, Claudia Knez2, Doug P. Hamilton2, Jack E.
P. Connerney1, 1Solar System Exploration Division, Code 695.0, Goddard Space Flight Center, Greenbelt, MD
20771 (Jared.Espley@gsfc.nasa.gov), 2Astronomy Dept., University of Maryland – College Park, College Park, MD
20740.

Phobos and Deimos have long been suspected of
creating rings of dusty debris around Mars. Soter [1]
first predicted that such rings should exist and numerous theoretical studies have been published since then.
Several attempts have been made to directly detect the
rings but none have been successful. Additionally,
observations from the plasma instruments onboard the
Phobos-2 spacecraft have been controversially attributed to Martian rings. We describe proposals to directly observe the rings using the Spitzer Space Telescope, Hubble Space Telescope, the Mars Climate
Sounder, and ground based telescopes. We also discuss the possibilities for indirectly detecting them using
data from the magnetometer (MAG/ER) onboard Mars
Global Surveyor (MGS).
The basic mechanism for the origin of the putative
rings is the impact of the moons by high speed interplanetary material which then lofts dust into orbit
around Mars. Dynamical forces then distribute the dust
into circumplanetary rings or tori. Similar dusty rings
have been found to be produced by small satellites at
Jupiter, Saturn, Uranus, and Neptune (cf. [2] for a recent review).
Krivov and Hamilton [3] give the most recent comprehensive description of the theoretical expectations
for the rings. They find that the Deimos ring might be
more accurately called a torus with a height of about
7000 km and a width of 50,000 km. The Phobos ring
is expected to be much thinner (about 400 km) and
only extend to a maximum of about 30,000 km. See
Figure 1.
References: [1] Soter, S. (1971), Cornell Center
for Radiophysics and Space Research Report 462. [2]
Sicardy, B. (2005), Space Science Reviews, 116, 457470. [4] Krivov, A. V., and D. P. Hamilton, (1997),
Icarus, 128, 335–353. [3] Hamilton, D. P. (1996),
Icarus, 119, 153–172. [4] Krivov, A. V., A. G.
Feofilov, and V. V. Dikarev (2006), Planet. Space Sci.,
54, 871-878.

Figure 1 Distribution of optical fluxes from the Phobos ring
(top) and the Deimos torus (bottom) as seen from Earth in
December 2007. Adapted from [4].
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PHOBOS-LIFE: PRELIMINARY EXPERIMENT DESIGN. Raymond Fraze1), Tomas Svitek1), Bruce Betts2),
and Louis D. Friedman2) 1)Stellar Exploration, Inc., San Luis Obispo CA 2)The Planetary Society, Pasadena CA
LIFE (Living Interplanetary Flight Experiment) is an
experiment under consideration for the Russian PhobosSoil mission. Its goal is to test one aspect of transpermia
by testing the survivability of microbes during a 34
month journey though interplanetary space.
The science objectives of this experiment are
described in more detail in another abstract for this
conference (Warmflash et al.: Phobos-LIFE: An
Experiment on the Survivability of Microorganisms
During Interplanetary Transfer). Proposed as a
collaboration with the Space Research Institute and the
Institute of Microbiology of the Russian Academy of
Sciences, this experiment is under formal consideration
by NPO Lavochkin for inclusion on the Russian PhobosSoil sample return mission.
The Planetary Society team is designing the
experiment and addressing planetary protection issues.
The Planetary Society has flown hardware on many
prior planetary missions. In order to minimize impact
upon the Phobos sample return mission, the entire biomodule mass cannot exceed 100 grams. The current
design is a short cylinder, 56 mm in diameter and 18
mm thick.
The current design provides 30 small cavities for
individual microbe samples (each sample volume is
several mm3) and single larger cavity (26 mm diameter)
for a larger sample, perhaps a native bacteria sample
derived from a terrestrial permafrost region. The
experiment is sealed to meet requirements of planetary
protection and experimental validation. It is designed
.

to withstand a 4,000 G Earth return landing impact
shock with intact seals.
Our design is simple, compact and rugged. It relies
on multiple sealing techniques. The outer titanium
housing is machined with “pockets” which reduce
weight but do not diminish its strength. The inner
ceramic carrier is easily sterilized. Thirty polymer
containers (3 mm diameter) hold the microbiological
samples. A central single polymer container contains the
permafrost sample.
The ceramic carrier consists of two halves, with
matching cavities. A silicone O-ring is sandwiched
between the two halves, as a secondary containment
seal. Three titanium clips provide pressure to seal the
carrier. The clips are retained by circumferential tape.
The carrier is enveloped in a layer of Poron foam to
mitigate launch and landing shock.
This sealed assembly is further contained inside the
titanium housing. Indium wire in a groove between the
top and bottom outer housings is crushed for sealing.
Three integral locking lugs are engaged and safety wired
in place to prevent the top from backing out.
Thus, the triple-redundant seal integrity is provided.
Two dosimeter strips monitor the radiation dose.
Temperature extremes are detected by thermal paint.
We are strictly following COSPAR planetary
protection guidelines to responsibly reduce any
possibility that this experiment could contaminate Mars
with its life signature.
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SUITABILITY OF AN APXS FOR PHOBOS AND DEIMOS MISSIONS
R. Gellert, Department of Physics, University of Guelph, Guelph, Ontario, N1G2W1, Canada, rgellert@uoguelph.ca
The small changes to be made to the MER APXS design based on lessons learned would be:
• activation of the build-in Peltier inside the x-ray
detector for high quality spectra below ~ 20C
• extension of the x-ray energy range to capture
more of the so called scatter features
• addition of a well known calibration target
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Introduction: The Alpha-Particle-X-ray Spectrometer (APXS) is part of the MER rover payload [1]. An
earlier version was on board the Sojourner rover on the
Pathfinder mission in 97. Here the suitability for an
APXS on a Phobos/Deimos lander shall be discussed.
Method: The APXS is a contact instrument to determine the elemental composition of rocks and soils. It
uses two modes simultaneously; x-ray spectroscopy
for elements from Na to Br and beyond and Rutherford
backscattering (RBS) for light elements. The APXS
uses Curium244 sources emitting Pu x-rays and ~ 5
MeV alpha particles onto the sample. The x-ray part is
a combination of the
terrestrial
standard
methods PIXE and XRF
determining the abundances of trace elements
like Ni, Zn, Ge and Br
down to a couple of 10
ppms. Element identification is unambiguous.
The abundance extraction is theoretically well
understood, precise and
accurate [2]. Typically,
accuracy from 3-15%,
limited only by sample
heterogeneity and a precision of some percents
is achieved within in a
few hours of data acquisition.
The alpha part is based on the z dependant energy loss
of backscattered high energetic alpha particles and
very sensitive to low z elements like Carbon and Oxygen. On Mars RBS is of limited usage due to interferences with the 10 mbar CO2 atmosphere. Therefore the
MSL APXS – competitively selected by NASA, endorsed by CSA – will not entertain RBS and instead
use a close up geometry to speed up the x-ray spectra
collection by a factor of ~4. However, in vacuum a
Carbon detection limit of ~ 1% by weight is achievable
within ~ 10 hours as demonstrated during MER calibration.
Science Objectives: The APXS can address several
major science objectives of a Phobos mission:
• to determine if the moons are of Martian origin or
if they are captured asteroids
• the composition of its regolith and its distinction
to bedrock (if accessible with a deployment device)
• the presence of H2O and C on the surface
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The figure above shows the first two x-ray spectra
taken of soils from both MER landing sites. The well
balanced sensitivity for all elements, the low background and the superb energy resolution is the key for
this instrument and the method. Recently Campbell et
al developed a method to extract the abundance of xray invisible light elements like C and O from the Pu
scatter peaks at ~ 14 keV [3]. This method – unexpected at the development of the instrument – plus the
simultaneous RBS mode in vacuum promise to be able
to address possible heterogeneity and abundance of C
and excess Oxygen ( presumably in H2O or OH ) with
detection limits of 1% carbon and ~ 5 % water.
Summary: The APXS is a compact, sound and flight
proven instrument that can be used to address major
scientific objectives on the Martian moons. Its operation on MER over 3½ years delivered the standard for
Martian Chemistry so far and showed the variability of
igneous as well as altered chemistry. Many detectable
elements or element ratios are indicative for mineralogy and to distinguish the two origin theories, e.g.
Mg/Si, P, Fe/Mn, Ni, Ge,…
References: [1] Rieder, R., et al (2003), JGR,
108(E12),8066, [2] Gellert,R et al. (2006), JGR, 111,
E02S05, [3] Campbell et al, JGR , submitted
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Origin and Evolution of Phobos and Diemos. B. Gladman1, 1Department of Physics and Astronomy, Institute of
Planetary Science, University of British Columbia, 6224 Agricultural Road, Vancouver, BC, V6T 1Z1, Canada.
Email : gladman@astro.ubc.ca .
Introduction: Surely the most outstanding issue
concerning Phobos and Deimos is their origin. How
did two object now resembling outer main-belt asteroids get to be in orbit around Mars[1]? No plausible
capture scenarios have yet been well developed that
could take an asteroidal flyby and convert the captured
object eventually into the nearly-circular orbits currently in the equatorial plane of the planet. Key to
studies of both their origin and their relation to Mars is
the question of their true surface and near-surface
properties.
Capture scenarios : Any proposal for the capture
of these moons must explain why a similar process did
not occur around the other 3 terrestrial planets (although one may be able to ignore the Earth due to the
catastrophe of the Moon's formation). Although scenarios like atmospheric drag or three-body interactions
between two object simultaneously encountering Mars
could result in a bound orbit, satellites as small as
Phobos and Deimos are simply not capable of using
tidal interactions with Mars to bring their orbits down
in semimajor axis, eccentricity, and inclination to the
small observed values of the present moons (unlike
Triton's capture and subsequent evolution into a
nearly-circular orbit around Neptune for example [2]
[3]) . Formation of just two tiny moons out of an impact-generated disk (like the formation of Earth's
moon) seems implausible.
Could they be cloaked? : The martian moons exist in a dynamic environment near the main asteroid
belt. Since space-weathering studies show that even
near-Earth asteroids show a wide range of spectral
properties due to the so-called `space weathering'
process [4], we should keep in mind that the spectral
signature from the upper microns of the martian moons
could be influenced by contamination from the continuous rain of in-spiraling dust from the main asteroid
belt. We must therefore be cautious of remote-sensing
interpretations as to the true nature of the bulk of the
Moon, since such observations only probe the upper
few wavelengths of the surface. Recent moderate
impacts on the two moons would hopefully have
mined through this covering layer, as possibly supported by the heterogeneous surface (albedo and color)
of the surfaces. Since the biggest ejecta blocks seen
on Phobos are likely pieces of the moon itself excavated by cratering events on the moon, these should be

the principal targets of ground-truth if a lander is deployed.
Martian material in the regolith of the moons? :
Could there be intact martian material in regolith of
Phobos and Deimos? Calculations by this author indicate that the cross-section of these moons is so tiny
that in the last few billion years only a handful of
rocks (of the level of the martian meteorites or larger)
have struck the moons. Even these (lucky?) fragments
will have encountered the surface at speeds of approximately 2 km/s (faster than the speed of sound in
the target), and are unlikely to have survived the collision intact. Searching for the fragments of this material mixed into the regolith of the moons seems hopeless, and since such material has no geologic context
(in terms of where on Mars it came from) it is unlikely
to teach us much that the martian meteorites have not
already revealed.
References:
[1] Burns, J.A.. B. (1992) in Mars (University of
Arizona Press), 1283–1301. [2] McKinnon, W.B.,
Lunine, J.I., and Banfield, D. (1995) in Neptune and
Triton (University of Arizona Press), 807. [3] Cuk M.
and Gladman, B. (2005) Astrophysical Journal., 626,
113-116. [4] Binzel, R., Rivkin, A., Stuart, S., Harris,
A., Bus, S., Burbine, T. (2004) Icarus, 170, 259-294.
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PHOBOS: NATURE OF CRATER POPULATIONS AND POSSIBLE EVIDENCE FOR
INTERIOR VOLATILES
William K. Hartmann, Planetary Science Institute, Tucson 85719
Crater populations on Phobos appear to be at or near the saturation equilibrium level. This
level is defined from other cratered surfaces in the solar system, and also by numerical
modeling of crater populations (Hartmann and Gaskell 1997).
In the region of Mars, craters
smaller than ~ 90 meters go into saturation equilibrium within about 1 Gy, so the small-crater
populations do not provide tight constraints on Phobos age. Near-saturation levels for the few
larger craters suggest a very old surface.
Crater saturation on Phobos’s surface does prove that saturation can be reached in the Martian
environment. This is a useful indication, in turn, that the primordial Martian surface should
have been saturated. Thus, the lack of saturation around 1 km crater diameters in even the
oldest parts of Mars is due to crater loss processes, not a unique size distribution of early Martian
impactors.
Some craters in crater chains around Stickney appear to have raised rims. The linear chains
suggest that the craters mark drainage of (dry) regolith into fractures, but the raised rims suggest
that blowout of volatiles along the fractures may have accompanied their formation. This is
consistent with Phobos having formed as a D, P, or C class asteroid.
Hartmann (1987) suggested that massive scattering of C-class and related black asteroids from
the outer solar system might have been involved in the very early origin of Phobos and Deimos
by capture. A similar model may have more relevance in view of the recent work of Bottke
and others on cataclysmic scattering of such bodies (the “Nice” model).
References
Hartmann, W. K. 1987. A satellite-asteroid mystery and a possible early flux of scattered
C-class asteroids. Icarus 71: 57-68.

Hartmann, W. K. and Gaskell 1997. Planetary Cratering 2: Studies of Saturation
Equilibrium. Meteoritics Planet Sci. 32:109-121.
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ONGOING OBSERVATIONS OF PHOBOS AND DEIMOS BY THE HRSC EXPERIMENT ON MARS
EXPRESS. H. Hoffmann1, K. Willner1, J. Oberst1, B. Giese1, K. Gwinner1, K.-D. Matz1, T. Roatsch1, R. Jaumann1,
T. Duxbury2, and G. Neukum3, 1German Aerospace Center (DLR), Inst. Planetary Research, Rutherfordstr. 2, 12489
Berlin, Germany (e-mail: harald.hoffmann@dlr.de), 2Jet Propulsion Laboratory (JPL), Pasadena, CA, USA, 3Freie
Universitaet Berlin, Inst. Geosciences, Planetary Sciences and Remote Sensing, Berlin, Germany.
Introduction: With its highly elliptical and nearpolar orbit, the European Mars Express is the only
orbiter currently operating at Mars where sporadic
close flybys of Phobos provide the opportunities to
perform high-resolution remote sensing observations.
The High Resolution Stereo Camera experiment
(HRSC) on Mars Express observes Phobos on a routine basis at distances below 5500 km. The HRSC is a
multiple-line pushbroom instrument with a spatial
resolution of 40 m/pixel at 1000 km distance [1] [2].
Its Super-Resolution Channel (SRC), a framing camera, has a spatial resolution of 9.2 m/pixel at 1000 km
[3].
HRSC observations of Phobos are aiming to provide complete surface coverage to investigate its geology and surface properties, to validate and improve the
current orbit models, to refine its geodetic control net
and global shape model. HRSC performs also astrometric observations of the second Martian satellite
Deimos at distances of some 10,000 km to improve the
Deimos orbit model.

Figure 1. Phobos and the Martian limb, observed
by HRSC at 1660 km distance (orbit 3868).
HRSC Observations and Imaging Data: Observations during a flyby (Fig. 1) are performed by
pointing the spacecraft towards an inertially fixed position. Images in all 9 HRSC channels and by SRC are
obtained at distances below about 2000 km. At larger
distances, data are acquired only with the SRC and the
HRSC nadir channel. SRC normally gathers a sequence of 8 images and the pointing is selected to have
a star within the field-of-view detected by the first and
last image at long exposure times. This allows us to
refine the pointing and to verify the pointing stability.
Until 23 August 2007, Mars Express has performed
4672 orbit revolutions around Mars. HRSC made 71
observations of Phobos and 22 Deimos observations.

About 70% of Phobos’ surface has been covered by
the SRC, most of it at spatial resolutions ≤ 20 m/pixel.
The gap in coverage is located at the anti-Mars side
between 180°E to 260°E longitude.
As an independent measure to validate the Phobos
orbit models, HRSC is also conducting observations of
its shadow on the Martian surface.
First Results and Ongoing Analyses: The closest
Phobos flyby at daylight conditions so far occurred in
mid-2004 at a distance of ~ 150 km yielding a spatial
resolution for HRSC of 7 m/pixel. The HRSC stereo
capability was used to derive a digital elevation model
for about 1/3 of the surface with effective resolutions
of 100-200m [4].
Analysis of the early HRSC Phobos observations
confirmed substantial differences (5 – 10 km) between
measured Phobos positions and the orbit model predictions [5] [6]. Meanwhile, new orbit models have been
derived [7] [8] that included HRSC astrometric measurements. The ongoing HRSC observations reveal
small but significant offsets to the new models with +
1.5 km along-track for [7] and + 2.6 km for [8].
Across-track offsets are in the order of some hundred
meters.
Future Plans: HRSC will continue with its regular observations of the Martian moons. Mars Express
operations planning has been finalized until midNovember 2007. 12 new Phobos and 3 more Deimos
observations by HRSC have been accepted, unfortunately, with a gap on the anti-Mars hemisphere of Phobos (where the Phobos GRUNT landing site is anticipated) remaining. At the end of November, 2007, and
in mid-2008, Mars Express will perform several orbit
maneuvers. Though orbit predicts are not available
yet, Phobos flybys are high on the list of priorities
which may ultimately close the gap in the surface coverage.
References:
[1] Neukum G. et al. (2004) ESA-SP, 1240, 17–35.
[2] Jaumann R. et al. (2007) Planet. Space Sci., 55,
928 - 952. [3] Oberst J. et al. (2007) Planet. Space Sci,
subm. [4] Giese B. et al. (2005) Photogramm. Fernerkundung Geoinf., (5), 439 - 444. [5] Oberst J. et al.
(2006) Astron. Astrophys., 447, 1145 - 1151. [6] Bell
J. et al. (2005) Nature, 436, 55 - 57. [7] Lainey V. et
al. (2007) Astron. Astrophys., 465, 1075 - 1084.
[8] Jacobson R. A. (2006) pers. communication.
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THE MINIATURISED MOESSBAUER SPECTROMETER MIMOS II: APPLICATION FOR THE
“PHOBOS-GRUNT” MISSION. G. Klingelhoefer1, D. Rodionov1,2, M. Blumers1, B. Bernhardt4, I. Fleischer1, C.
Schroeder1,3, R. V. Morris3, J. Girones Lopez1, 1Institut fuer Anorganische und Analytische Chemie, Universitaet
Mainz, Germany (klingel@mail.uni-mainz.de), 2Space Research Institute IKI, Moscow, Russia
(rodionov@iki.rssi.ru), 3NASA Johnson Space Center, Houston, Texas, USA, 4Von Hoerner&Sulger GmbH, Germany.
Introduction: Moessbauer spectroscopy is a powerful tool for quantitative mineralogical analysis of Febearing materials. The scientific objectives of the
Moessbauer investigation are to obtain the mineralogical identification of iron-bearing phases (e.g., oxides,
silicates, sulfides, sulfates, and carbonates), the quantitative measurement of the distribution of iron among
these iron-bearing phases (e.g., the relative proportions
of iron in olivine, pyroxene, ilmenite and magnetite in
a basalt), and the quantitative measurement of the distribution of iron among its oxidation states (e.g., Fe2+,
Fe3+, and Fe6+).
Current status of extraterrestrial Moessbauer
spectroscopy: In January 2004, the first in situ extraterrestrial Moessbauer spectrum was received from the
Martian surface. At the present time (September 2007)
two Miniaturized Moessbauer Spectrometers (MIMOS
II) on board of the two Mars Exploration Rovers are
still operational after more than 3 years of work, returning valuable scientific data [1-3]. To date more
than 600 spectra were obtained with a total integration
time for both rovers exceeding 270 days.
The MER mission has proven that Moessbauer
spectroscopy is a valuable technique for the in situ
exploration of extraterrestrial bodies and the study of
Fe-bearing samples. The Moessbauer team at the University of Mainz has accumulated a lot of experience
and learned many lessons during the last three years.
All that makes MIMOS II a feasible choice for future
missions to Mars and other targets. Currently MIMOS
II is on the scientific payload of two planned missions:
Phobos-Grunt (Russian Space Agency) and ExoMars
(European Space Agency).
The Moessbauer spectrometer for the “PhobosGrunt” mission: “Phobos-Grunt” is scheduled to
launch in 2009. The main goals of the mission are: a)
Phobos regolith sample return, b) Phobos in situ study,
c) Mars and Phobos remote sensing.
The Moessbauer spectrometer for Phobos-Grunt
will be based on the MER version with some modifications and improvements (Fig. 1). The new design includes additional mass reduction (total mass is planned
to be ~320 g). The dimensions of the electronic-board
will be minimized by using state of the art digital electronics. A new ring-detector system (Si-Drift detectors) will be used, thus greatly improving energy reso-

lution. We expect an energy resolution of around 140160 eV for temperatures lower than 250 K. This will
increase the signal to noise ratio by a factor of 10 and,
therefore, integration times might be reduced significantly. New firmware is developed to optimize the
instrument's performance (based on MER experience
and new electronics capabilities).
Like on MER, the MIMOS II instrument will be
mounted on a robotic arm (on the landing module).
Currently, an engineering model is being manufactured
for testing purposes.

Fig. 1. MIMOS II Sensorhead
References: [1] Klingelhoefer G. et al., «Two
years of Moessbauer studies of the surface of Mars
with MIMOS II», (2006), Hyp. Int. 170. [2] Morris R.
V., Klingelhoefer G., «Moessbauer mineralogy of
rock, soil, and dust at Gusev crater, Mars: Spirit's
journey through weakly altered olivine basalt on the
plains and pervasively altered basalt in the Columbia
Hills», (2006), JGR, 111, [3]. Morris R. V., Klingelhoefer G. et al., «Moessbauer mineralogy of rock, soil,
and dust at Meridiani Planum, Mars: Opportunity’s
journey across sulfate-rich outcrop, basaltic sand and
dust, and hematite lag deposits», (2006), JGR, 111.
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In-Space Propulsion Technologies for the Exploration of Phobos and Diemos. T. Kremic1 and J. W.
Dankanich2, 1NASA John Glenn Research Center, 21000 Brookpark Road, Cleveland, OH, 44135, MS 142-2,
2
Gray Research, Inc., 21000 Brookpark Road, Cleveland, OH, 44135, MS 142-2,.
Introduction: The In-Space Propulsion Technology Project, funded by NASA's Science Mission Directorate (SMD), is continuing to invest in propulsion
technologies that will enable or enhance NASA robotic science missions. Mission analyses show benefits for In-space propulsion technologies for Phobos
and Diemos reconnaissance and sample return missions. This poster provides development status, nearterm mission benefits, applicability, and availability of
in-space propulsion technologies towards the exploration of Phobos and Diemos.
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PRELUDE TO HUMAN EXPLORATION OF PHOBOS AND DEIMOS: THE NEO FACTOR. R.R. Landis 1, D.J. Korsmeyer2, P.A. Abell 3,* , D.R. Adamo 4, T.D. Jones5, E.T. Lu 6, L. Lemke7, A. Gonzales7, R. Gershman 8,
D. Morrison7, T. Sweetser8 and L. Johnson9, 1Mission Operations Directorate, NASA Johnson Space Center, Houston, TX 77058, rob.r.landis@nasa.gov. 2Intelligent Systems Division, NASA Ames Research Center, M/S 269-1,
Moffett Field, CA 94035. 3Planetary Astronomy Group, Astromaterials Research and Exploration Science, NASA
Johnson Space Center, Mail Code KR, Houston, TX 77058, 4Trajectory Consultant, 4203 Moonlight Shadow Court,
Houston, TX 77059. 5Association of Space Explorers, Chantilly, VA 20153. 6Google, 1600 Amphitheater Parkway,
Mountain View, CA 94043 7NASA Ames Research Center, Moffett Field, CA 94035. 8Jet Propulsion Laboratory,
Pasadena, CA 91109. 9NASA Headquarters, Washington, DC 20546. *Research Scientist, Planetary Science Institute, 1700 East Fort Lowell, Suite 106, Tucson, AZ 85719.
Introduction: In terms of Δv and mission length,
piloted human missions to near-Earth objects (NEOs)
prior to human exploration of Phobos and Deimos can
provide unique opportunities to acquire deep space
operational experience (i.e., the manned CEV Orion
spacecraft will be several light-seconds from the Earth
but, not light-minutes); risk reduction for space hardware; confidence building for future mission scenarios
(e.g., lunar poles and farside, other NEOs, and eventually, Phobos, Deimos and Mars); early in situ resource
utilization (ISRU) evaluation; as well as a rich scientific return. Sending a human expedition to a NEO will
help NASA regain crucial operational experience conducting human exploration missions – which has not
been attempted since Apollo 17.
History: The notion of a piloted mission to a NEO
was first discussed in 1966 as an alternate follow-on
utilization of the Apollo spacecraft and Saturn 5 hardware. The mission would have been a flyby for the
1975 opposition of 433 Eros [1]. During the 1975 opposition, Eros came within 0.15 AU of the Earth and
Smith (1966) examined the necessary capabilities to
upgrade the Apollo/Saturn 5 hardware for a 500+ day
round trip mission [1]. More than 20 years later,
NASA re-examined the ideas of visiting NEOs in
greater depth as part of the Space Exploration Initiative
in 1989 [2]. Since then, four other studies have examined the details of sending humans to NEOs
[3,4,5,6]. The most recent assessment has been undertaken by the Advanced Programs Office (APO)
within NASA’s Constellation Program. This particular
study team includes representatives across NASA and
is examining the feasibility of sending a Crew Exploration Vehicle (CEV), the Orion spacecraft, to a NEO.
Depending on the suite of spacecraft and integrated
components, a mission profile would include two or
three astronauts on a 90 to 120 day spaceflight; including a 7 to 14-day stay at the NEO itself, which
would be an ideal Apollo 8-style of mission prior to
visiting Phobos and Deimos.
Comparative Δv’s: The orbits of NEOs are often
quite similar to the Earth’s orbit, and therefore require
a fairly small Δv for rendezvous provided launch occurs near a close approach. In addition, due to their
small size and consequent shallow gravity wells, only a

very small Δv is required to brake into the vicinity of,
and to depart from, a typical NEO. For comparison,
the Δv required to brake into or depart from lunar orbit
is of order 0.8 km/s, which when combined with the
3.2 km/s lunar transfer Δv means that a lunar orbital
mission requires a total Δv ~4.8 km/s. To visit a NEO
in an Earth-like orbit, such as 2000 SG344, depending
on the mission scenario, the total Δv is between 5 – 6.5
km/s; for Phobos ~7.9 km/s; Deimos ~ 7.5 km/s (depending on the method of capture into Mars orbit); for
a lunar surface mission ~9.1 km/s; and, for a Mars surface mission the total Δv tally tops out at ~15.6 km/s
[7].
CEV (Orion) Science Capabilities: A CEV-type
mission will have a much greater capability for science
and exploration of NEOs, as well as Phobos and Deimos, than robotic spacecraft. The primary advantage
of piloted missions to NEOs is the flexibility of the
crew to perform tasks and to adapt to situations in real
time. Factoring NEOs (as well as the flight and exploration techniques of these small bodies) into the Marsforward fabric has obvious implications for human
exploration of Phobos and Deimos.
References: [1] Smith, E. (1966), “A Manned
Flyby Mission to [433] Eros,” World Space Congress.
[2] Davis, D. R. et al. (1990), The Role of Near-Earth
Asteroids in the Space Exploration Initiative. SAIC90/1464, Study No. 1-120-232-S28. [3] Nash, D. B. et
al. (1989), “Science Exploration Opportunities for
Manned Missions to the Moon, Mars, Phobos, and an
Asteroid,” NASA Document No. Z-1,3-001 (JPL Publication No. 89-29). [4] Jones, T. D. et al. (1994) Human Exploration of Near-Earth Asteroids. In Hazards
Due to Comets and Asteroids, 683-708, Univ. of Arizona Press, Tucson, AZ. [5] Jones, T. D. et al. (2002)
The Next Giant Leap: Human Exploration and Utilization of Near-Earth Objects. In The Future of Solar
System Exploration, 2003-2013 ASP Conference Series, 272,141-154. [6] Mazanak, Daniel, et al.(2005),
“The Near-Earth Object Crewed Mission Concept
Status,” NASA Langley Research Center [internal
Constellation/ESMD study]. [7] Adamo, D. R. (2007),
‘Round-Trip ΔV’, personal communication.
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PHOBOS-DEIMOS ASAP: A CASE FOR THE HUMAN EXPLORATION OF THE MOONS OF MARS.
Pascal Lee1. 1Mars Institute, NASA Research Park, Suite 2047, Moffett Field, CA 94035, USA, pascal.lee@marsinstitute.net.
Introduction: A human mission to Phobos and/or
Deimos presents the following key attractive attributes: 1) technically, it is achievable in the relative
near-term, i.e. within the context of the current Constellation Program using the Ares V, CEV, LSAM, and
lunar EVA suit systems; 2) scientifically, it will provide important new knowledge about Mars, its system,
small bodies, and the formation and evolution of the
solar system; 3) programmatically, it will likely help
reach the more difficult and longer term goal of landing humans on Mars sooner, and at the same time advance the human exploration of NEOs, 4) programmatically as well, it offers an ideal solution to addressing planetary protection concerns regarding Mars exploration; 5) outreach-wise, it will be a new, exciting,
tangible, and meaningful near-term step beyond the
Moon and towards Mars.

primitive asteroids – if so, this would imply Mars
likely had an extensive early atmosphere; b) they
formed in circum-martian orbit – if so, they would be
the last surviving building blocks of Mars; c) they resulted from the break-up of a larger moon, which itself
would: c-i) have resulted from an earlier capture by
Mars, or c-ii) have formed in circum-Mars orbit. Separate from these unresolved links to Mars, Phobos (and
to a lesser extent Deimos) might serve as repositories
of martian meteoritic signatures. Although impact
ejecta from Mars typically hits Phobos at 1-2 km.s-1
(Gladman, pers. comm..), survival of martian meteoritic signatures cannot be ruled out. In an optimal scenario, such a record would be a Library of Alexandria
of Mars: a global sampling of martian crustal materials
collected throughout Phobos’s history around Mars,
possibly better preserved on Phobos than on Mars.

Technical Feasibility: Much of the technical challenge and cost of human missions to Mars lies in
reaching the actual surface of Mars: entry, descent and
landing (EDL), safe and productive surface ops, and
reliable return to low-Mars orbit. Creating and maturing the systems for humans to reach, survive, operate
on, and return from, the martian surface will likely
impose a large time gap between near-term human
return to the Moon and the first human landing on
Mars. A human mission to Phobos, however, is
achievable with the systems already under development for Constellation. The Ares V, CEV, and LSAM
space systems, combined with a low-thrust propulsion
system to preposition cargo, offer a range of attractive
options for low total ΔV early human missions to the
moons of Mars, assuming aerobraking at Mars. EVAs
on Phobos or Deimos could be supported using lunar
EVA suit systems with few modifications. Significant
challenges do exist, mainly i) long-duration (~2.5 yrs)
exposure to space radiation and continuous microgravity, ii) achieving adequate autonomy and reliability for
all spacecraft systems on that timescale; and iii) mastering (man-rating) aerobraking at Mars. But these
challenges are also the first obstacles that need to be
overcome before human landed missions on Mars.

Programmatic Value: Human missions to Phobos
and Deimos, being technically and fiscally achievable
earlier than full-up human missions to Mars, and scientifically compelling in their own right, will help get
and keep the Humans to Mars ball rolling earlier than
otherwise possible. In addition to providing a tangible
near-term milestone for the long term goal of landing
humans on Mars, such missions would simultaneously
advance the human exploration of NEOs. Moreover,
planetary protection issues associated with human
Mars exploration can be addressed via an initial Phobos mini-outpost phase, with Phobos serving as an
platform in LMO for humans to teleoperate robotic
explorers asceptically on Mars and to stage (for initial
analysis, sorting, and curation) robotically-returned
martian samples in a quarantine environment prior to
their forwarding to Earth. A mini-outpost on Phobos
could serve other important functions in support of
human Mars exploration, including as a Mars remotesensing base and communications relay, both requiring
only solar power for sustained long-term operation.

Science Value: Phobos and Deimos are of significant
scientific value not only as small bodies, but as records
of Mars’s formation and evolution. Solving the mystery of their origin will shed light on their nature and
the history of the martian system, including Mars itself. Three hypotheses dominate discussions of the
origin of Phobos and Deimos: a) they are captured

Conclusion: Human missions to Phobos and Deimos
are possible in the relative short term and uniquely
valuable. Their explicit inclusion for study asap in
current Mars exploration architecture design efforts is
recommended.

Outreach Value: A human mission to Phobos or
Deimos would be a new, exciting, tangible, and meaningful step beyond the Moon and towards Mars.
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MINING ON PHOBOS & DEIMOS. Ashish H. Mistry, 3-b Deep Nagar Society, At: Po: Bardoli -394 601,
Dist: Surat, State: Gujarat, Country: India. E-mail: ashu_aerospace@yahoo.co.in
Introduction: Resource utilization would play an
important role in the establishment and support of a
permanently Manned Base on any Planet, Scientific
Knowledge & Future Exploration Preparation. Phobos
and Deimos are the two satellites of Mars. Both are
believed to be captured asteroids. We can considered
them Asteroids of large size.Phobos is a dark body that
appears to be composed of carbonaceous surface
materials. It is similar to the C-type asteroids. Phobos'
density is too low to be pure rock, however, and it is
known to have significant porosity. These results led
to the suggestion that Phobos might contain a
substantial reservoir of ice. Phobos is covered with a
layer of fine-grained regolith at least 100 metres thick;
it is believed to have been created by impacts from
other bodies.

Figure 1: Strip-mining equipment extracts raw materials from Moons of Mars. In the foreground, a mining
cart transports the materials to a processing plant.
The possibility of mining Phobos & Deimos or their
natural resources has been suggested for two reasons:
(1) extracted minerals might be returned to Earth or
Mars or (2) materials could be used to build space
stations or used as fuel for exploration. Returning
pieces to Earth will be expensive but beneficial If returned to mars. It is more likely that Phobos & Deimos
mining would be used to support space exploration,
i.e., space stations or even a mars base. The most useful material for these applications would likely be water, extracted .Water would be used to make hydrogen
and oxygen rocket propellants, and water and oxygen
would be useful for life support in space habitats.
Spacecraft would have to carry food and supplies for
the mining crew and the equipment for the mine.
Newly developed spacecraft should make landing on
Phobos & Deimos possible .

The machinery will likely be solar powered, to reduce the need for fuel that would have to be hauled
to the Phobos & Deimos
by spacecraft. The
equipment will also have to be lightweight to transport it to the moons of mars. Using robotic equipment to limit the personnel needed to carry out the
mining project. This would reduce the amount of
supplies, like food, required for a manned mission.
Miners on moons of mars would use techniques
similar to those used on Earth. The most likely
method would be to scrape desired material off and
tunnel into veins of specific substances. Scraping,
or strip mining, will pull out valuable ore that will
float off the moons. Because much of the ore will
fly off, a large canopy might be used to collect it .
Phobos & Deimos have nearly no gravity, so the
mining equipment, and the astronaut-miners who
operate it, will have to use grapples to anchor themselves to the ground. However, the lack of gravity
is an advantage in moving mined material around
without having to use much power. Once a load of
material is ready to be sent to either Earth or a
space colony, rocket fuel for a ferrying spacecraft
could be produced by breaking down water from
the asteroid into hydrogen and oxygen. Thus Mining of Mars Moon Resources plays an important
role in Future Mining Missions & Utilizations of
resources of Mars & on other planet
References:
[1] Muff, T., Johnson, L., King, R., Duke, M.B., A
Prototype Bucket Wheel Excavator for the Moon,
Mars and Phobos, Proceedings of STAIF-2004. [2] JS
Lewis, Mining the Sky: Untold Riches from the Asteroids, Comets, and Planets, Addison-Wesley, Reading,
MA. 274 pp. (1996) [3] Amos, J.; Martian Moon
’Could be Key Test’ [4] Hindustan Copper limited (
Mines ) [5] www.nasa.gov , www.howstuffworks.com,
www.space.com. www.google.com

First International Conference on the Exploration of Phobos and Deimos

27

MRO/CRISM OBSERVATIONS OF PHOBOS AND DEIMOS. S. Murchie1, T. Choo1, D. Humm,1 A. Rivkin1,
J.-P. Bibring2, Y. Langevin2, B. Gondet2, T. Roush3, T. Duxbury4, and the CRISM Team, 1Applied Physics Laboratory, Laurel, MD (scott.murchie@jhuapl.edu), 2Institute d’Astrophysique Spatial (IAS), Orsay, France,
3
NASA/Ames Research Center, Moffet Field, CA, 4Jet Propulsion Laboratory, Pasadena, CA.
Background: The Compact Reconnaissance Imaging Spectrometer for Mars (CRISM) is a hyperspectral imager on the Mars Reconnaissance Orbiter
(MRO) [1]. Separate images obtained by visible/nearinfrared (VNIR) and infrared (IR) detectors together
cover the wavelength range 362-3920 nm in 544 channels at 6.55 nm/channel with a spatial sampling of 60
µrad/pixel. Through June 2007 CRISM acquired over
1500 high spatial resolution images of Mars and
mapped half the planet in a lower-resolution operating
mode. In addition three images of Deimos were acquired on 7 June 2007 from a range of 22,000 km,
yielding disk-resolved measurements at 1.3 km/pixel
and a phase angle of 22°. Phobos measurements are
planned for 22 October 2007, at a range of 7400 km
and a phase angle near 29°, which will provide spatial
sampling of 0.44 km/pixel.
Phobos's and Deimos's spectral properties have
been difficult to determine because of their small size
and proximity to Mars, which provides a significant
source of interfering scattered light. Early attempts to
construct composite visible-IR spectra [2] yielded C
asteroid-like spectra for both bodies, leading to speculation that they are captured primitive asteroids. Later,
disk-resolved measurements of Phobos from the Phobos 2 spacecraft showed that moon to be relatively red
and lacking in evidence for absorptions due to bound
H2O, suggesting either a primitive but anhydrous composition (like D asteroids) or an evolved composition
rich in mafic minerals but reddened by space weathering (like the lunar mare) [3]. In addition Phobos's surface is heterogeneous, with the crater Stickney exposing a material that is significantly less red than other
parts of Phobos or Deimos. Subsequent telescopic
measurements confirm the smooth, red spectrum of
both moons and a general lack of H2O absorptions, and

that Phobos's Stickney-containing hemisphere is less
red [4,5,6] than other parts of the moons.
CRISM's observations of Phobos and Deimos address the following questions:
1)
What are the spectral variations on redder
parts of Phobos and Deimos? Covariation of 1-micron
band depth and "redness", as seen in Phobos 2 data [3],
would suggest space weathering. In contrast, local exposure of hydrated material in fresh craters [7] would
implicate primitive materials.
2)
What distinguishes from Stickney material
from the rest of Phobos and Deimos? If it is less space
weathered, a strong absorption due to mafic minerals
would suggest an evolved composition, whereas bound
water or organics would suggest a primitive one.
3)
Is there evidence for bound H2O on either
moon to support future human exploration of Mars?
First Results from Deimos and Plan for Phobos:
Deimos (Figs. 1 and 3) exhibits a featureless red spectrum lacking absorptions due to H2O or mafic minerals, corroborating earlier results. At a 4-km scale (3x3
pixels) the only observed spectral variations at the
≥1% level are continuum and thermal emission. A
strong increase in emission at >2500 nm corrroborates
a high surface temperatures inferred by [6].
The geometry of the planned measurement of Phobos (Fig. 2) will allow comparison of the interior of
Stickney with Deimos and the rest of Phobos.
References: [1] Murchie, S. et al., J. Geophys.
Res., 112, doi:10.1029/2006JE002682, 2007. [2] Pang,
K. et al., Science, 199, 64-66, 1978. [3] Murchie, S.
and S. Erard, Icarus, 123, 63–86, 1996. [4] Murchie, S.
et al, J. Geophys. Res., 104, 9069-9080, 1999. [5]
Rivkin, A. et al., Icarus, 156, 64-75, 2002. [6] Lynch,
D. et al., Astron. J., in press. [7] Gendrin A. et al., J.
Geophys. Res., 110, doi:10.1029/2004JE002245, 2005.

Fig. 1 (left) CRISM approximate true color image of Deimos
constructed from 592-, 534-, and 484-nm images.
Fig. 2 (middle) View of Phobos for planned 22 October observations, showing the interior of Stickney at low solar incidence
and phase angles.

Fig. 3. CRISM spectrum of Deimos.
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ON A PROBLEM OF EVOLUTION OF ORBITS OF PHOBOS AND DEIMOS. A. A. Nakhodneva1 and N. I.
Perov2, 1,2Astronomical observatory, YSPU, Respublikanskaya, 108. 150000, Yaroslavl, Russia. E-mail: perov
@yspu.yar.ru
Introduction: As it is known modern theories for
investigation of motion of planetary satellites for the
cosmogonical intervals of time are very complicated
[1]. Here in order to estimate the variations of the secondary satellites orbital elements due theirs evolution
the simple formulae are presented.
The Particular Case of Twice Averaged Model
Hill Problem with Allowance for the Oblateness of
the Central Body: We consider in accordance with
[2-4] the model of the motion of Phobos and Deimos
around an oblique Mars with the allowance for the
potential of attraction of the Sun, that moves in a circular orbit of radius a1 in a reference frame connected
with the center of mass of Mars. Let us refer the angular elements of the satellites to the plane of motion of
the perturbing body and to fixed direction in space
(toward the point of vernal equinox) and denote by i,
Ω, and ω the inclination, longitude of ascending node,
and the argument of periarion, respectively, and by a
and e the semimajor axis and eccentricity of the orbit
of the satellites, respectively. We then average the perturbing function over mean anomalies of the perturbing body (the Sun) and the satellite to obtain (in the
absence of some specific conditions) to obtain in the
Hill approximation (a/a1<<1) quadrature (1)
2

∫

wmax

wmin

dw

θ

=P

(1)

For the determination of the allowed values of the parameters of the satellite orbit. Here, P is the characteristic period of the motion of the pericenter of the orbit
of the satellite (we did not come across quadrature (1)
(which, it appears, is impossible to invert [2, 3])),
θ = [4γc1w7 − 4 / 3γw5 + w 2 (−c2 + 2 + 2c1 ) − 4] ×
[−4γc1w7 + 4 / 3γw5 − 10c1w 4 + w 2 (8 + 8c1 + c2 ) − 6] ,

(2)

2 −1 / 2

w = (1 − e )

,
are
the
constants of the given model problem.
c1 , c2 , γ
With the help of the equation (3)
θ =0
(3)
we may estimate the region of variations of e, and the
formula for c1
c1 = (1 − e 2 ) cos 2 i
(4)
gives the regions of variations of i, where
с2 = 2γ (1 − e 2 ) −3 / 2 (1 / 3 + cos 2i) +

2(e 2 − sin 2 i ) + e 2 sin 2 i(5 cos 2ω − 3) ,
2

(5)
3

γ = 1 / 2α / β ,α = −3 / 8 I 2 (a0 / a ) , β = 3 / 16μ1 / μ (a / a1 ) ,

μ and μ1 are the products of the gravitational con-

stants by the masses of the central (Mars) and perturbing bodies (the Sun), respectively; I2 is the coefficient
at the second zonal harmonic of the gravitational field
of the central body (Mars); a0 its mean equatorial radius.
Examples: In the frame of this twice averaged
restricted three body problem (the Sun-Mars-a Martian
satellite) with allowance for the oblateness of Mars
simple calculations in accordance with formulae (3)
and (4) give
Phobos
emin=0.015099997884, imax=1.0750000975 deg;
emax=0.015100000692, imin=1.0749999681 deg.
Deimos
emin=0.0001999987047, imax=1.793000000474 deg;
emax=0.0002000092704, imin=1.792999996606 deg.
For these examples datum from [5] and [6] are used.
Conclusion: It is obviously the equations (1), (3),
(4), (5) may be used for estimating of variations of
parameters of orbits of natural and artificial satellites
of Mars (as well as for estimating of the variations of
parameters of orbits of the satellites of other planets,
especially in cases when solar gravitating perturbations
are compared with perturbations from the obliquity of
the planet).
It should be noted in one of the special cases of the
twice averaged Hill problem with the allowance for the
oblateness of the central body (which in the general
case is not integrable), when the equatorial plane of the
central body coincides with the orbital plane of the
perturbing body, we obtained for the first time a quadrature (1) for the determination of the period of the
variation of the argument of the pericenter of satellite
orbit.
References: [1] Burns J. et al. (1977) Planetary
Satellites. [2] Lidov M.L. and Yarskaya M.V. (1974)
Kosm. Issled, 12, 2, 155-170. [3] Vashkovyak M.A.
(1996) PaZh, 22, 12, 231-240. [4] Perov N.I. (2003)
SSR,
37,
2,
183-192.
[5]http://ssd.jpl.nasa.gov/sat_elem
[6]http://
nssdc.gfc.nasa.gov/planetary/ factsheet/ marsfact.html
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AOST: AN INFRARED SPECTROMETER FOR THE PHOBOS-SOIL MISSION. E. Palomba1, O.
Korablev2, A. Grigoriev 2 and the AOST international team, 1IFSI-INAF, Via Fosso del Cavaliere 100, 00133
Roma, Italy, palomba@ifsi-roma.inaf.it 2Space Research Institute, Russia Academy of Sciences, 84/32 Profsoyuznaya str., Moscow, 117810, Russia.
Introduction: AOST is a Fourier Transform spectrometer for the characterisation of the Phobos surface
and for the study of the Martian atmosphere and surface. The instrument, developed in a collaborative effort between Russia, Italy and other European countries (France, Germany), is included in the scientific
payload of the next Phobos-Soil space mission [1].
Technical features: AOST is a double pendulum
interferometer able to operate in the 2.5-25 μm spectral interval. The spectral resolution is variable down
to 0.55 cm-1. The Field Of View is about 2.3 degrees,
that is a 2 km footprint on the Phobos surface during
the quasi-synchronous orbit phase. The instrument has
a solid and compact structure (4 kg mass) and its
power requirement in operation is about only 10 W.
AOST is fixed to the solar panel edge through a special mechanical structure and is completely thermal
independent. The main technical features of the instrument are listed in Table 1.
Parameter

Value

Telescope

Cassegrain type

Diameter

23 mm

Focal length

75 mm

FOV

2.2 deg (full angle)

Pointing

full-sphere

Spectral Resolution
HR

0.55 cm-1

MR

1.2 cm-1

LR

6

cm-1

Mass

4 kg

Power

10 W (in operation)
3 W (heating mode)

NESR (mW/m2cm-1sr)
HR

6.6

MR @15 μm

0.1

LR @15 μm

0.016

Interferometer alignment

in flight

Table1. The main technical parameters of AOST.
Sun occultation observation mode. One of the most
important observation features of AOST is the possibility to observe when the Sun is in occultation, as
made in the past by other spectrometers [2,3]. The

sequence starts when the Sun approaches the limb of
Martian atmosphere and ends when the Sun is eclipsed
by Mars. A complete observation will sample different
heights of the atmosphere, allowing up to 20 measurements in one cycle. Self-calibration is provided, as
the sequence begins when the Sun is well above the
atmosphere.
Scientific objectives: The AOST scientific goals are
the study of Phobos and Mars.
Phobos. AOST will make use of a low spectral
resolution observation mode to enhance the S/N ratio
for the analysis of the Martian moon. The large global
coverage and spatial resolution in the quasisynchronous orbit phase will allow to investigate
variations in the mineralogical composition in the different units of Phobos. The differences in the measured radiation between the illuminated and shadowed
portion of the satellite will allow to study its thermal
properties. After landing AOST will continue to acquire spectra and will map, at very small spatial resolution, the vicinity of the landing site characterising the
Phobos regolith with a minimum resolution of about
40 of centimetres.
Mars. Following the phase of landing/collecting
samples, the probe will lift off from the Phobos surface
and will continue to orbit around Mars for about 1
year. In that period will be possible to observe Mars
continuously. The high spectral resolution observation
mode will be used to detect and characterise minor
gaseous species of high astrobiological and volcanic
relevance, such as methane, formaldehyde, SO2, OCS.
All these observations could be arranged by using a
Solar occultation geometry to maximise the S/N, that
is fundamental to discern minor species spectral features. This mode of observation will allow to study
non–LTE active processes effects in the atmosphere of
Mars. Other relevant topics concern the monitoring of
diurnal and seasonal variations of:
 vertical profiles of atmospheric temperature;
 water vapour and other minor constituents;
 aerosols (dust and condensation clouds);
A minor, but not less important, goal is the study of the
Martian surface.
References:
[1] Zakharov A. V. et al. (2006) LPS XXXVII,
Abstract #1276. [2] Korablev O. et al. (2006) JGR,
111, E09S03 [3] Krasnopolskii V. A. et al. (1991)
Icarus, 94, 32-44
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MATI: AN INSTRUMENT FOR THE DETECTION OF THE MARTIAN TORI.
E. Palomba1, A. Longobardo1, M. D’Amore1, R. Battaglia3, V. Della Corte3, G. Ferrini3, 1IFSI-INAF, Via Fosso del
Cavaliere 100, 00133 Roma, Italy, palomba@ifsi-roma.inaf.it, 3Novætech S.r.l. Piazza Pilastri 18, 80100 Napoli,
Italy.
Introduction: Bombardment of micrometeoroids
onto the satellites of the giant planets and the corresponding impact ejecta are a well known source for
dust rings [1,2]. Since Mars has two small moons,
Phobos and Deimos, two dust tori around the planet
could have developed as many models predict [3].
These models describe a Phobos torus which lies embedded within, and has a smaller vertical extent than, the
Deimos torus. Currently, the Martian Tori are still undetected and in depth insitu measurements only, seems to
be the most suitable way to discover them.
MATI: MATI (Mars Tori Investigator) is a dust
detector customised for the Martian dust environment
that can be proposed for the next Space missions to
Mars. The main MATI scientific objectives concerns
the detection and characterisation of Phobos and Deimos tori, the analyses of flux, mass and velocity of the
tori particles in the size range (1-100 μm) and speeds
-1
(v 1~80 km s ), the study of the grain spatial distributions and tri-dimensional modelling of the tori structure. Eventually these measurements will help to understand the origin and evolution of the Martian tori.
Technical concept: The proposed instrument is a
dust detection system, carrying out quantitative in situ
measurements of particle flux and mass distribution
throughout the Martian dusty environment. It consists
of two major parts, i.e. a detector assembly and the
electronics box.
Detector Assembly and measurement technique. The
detector assembly is a system composed of two stages
placed in cascade, 5 cm apart. This is the piece of
equipment that is mounted on the external walls of the
spacecraft and is exposed to the dust particles. Each
stage has a total sensitive area of 36 cm x 36 cm (Ao =
0.13 m2) and is composed of an array of 9 single dust
sensors. Each single dust sensor is a 12 cm x 12 cm
polyvinylidene fluoride (PVDF) polarized foil, 6-10
μm thick, equipped with electrodes. By considering a
structure made in aluminium, the mass required for the
Detector Assembly structure is about 2 Kg. PVDF film
dust detectors have been extensively characterised in
laboratory experiments and have an excellent track
record in space experiments [4,5]. Their detection
principle is based on the depolarisation signal a dust
particle generates, when penetrating a permanently
polarised PVDF thin film [6]. Dust grains penetrating
the thin PVDF film remove dipoles along their trajec-

tory, producing a fast electric charge pulse without
requiring bias voltages. The produced signal is a function of the particle mass and velocity. When a particle
impacts a PVDF foil on the first stage of MATI, produces a crater or a perforation according to its initial
velocity. From the time of flight measurements between two stages, it is possible to determine the impact
speeds and from the PVDF signal, N(e)=Amavb,
where m is the particle mass, v its speed and A, a, b
are parameters to be determined experimentally.
Expected Results: Combining the results described in [3] with the very recent HST observations
[7], which have constrained the superior limit of the
Tori dust optical depth (i.e. grain density), we can
evaluate the MATI expected performances. The detectable events (the torus grain impacts) will be proportional to both the grain number density and to the
volume sampling rate, Sv. The Sv will be proportional
to the instrument sensitive area, Ao, and to the relative
speed, vo, between the instrument and the tori particles.
Since the Phobos Torus is ten times denser than the
Deimos one, MATI will detect ten times more events in
the Phobos proximities: for a typical relative speed (few
km s-1) an impact event every 2*102 seconds will be
detected (see Table 1).
Grain number
density (km-3)

Sv = 5 10-7 km3 s-1
-9

3

Sv = 5 10 km s

-1

Detectable Events
(events per 104 s)

Phobos
Torus

Deimos
Torus

Phobos
Torus

Deimos
Torus

104

103

50

5

4

3

0.5

0.05

10

10

Table 1. MATI expected instrumental performances, calculated for
two different relative speeds vo=4 km s-1 (1st row) and 0.04 km s-1
(2nd row). The used grain densities are taken from [3] and [7].

References:
[1] Burns J. A. et al. ( 2003) in Interplanetary Dust,
Springer, 641. [2] Krüger H. et al. (2004) in Jupiter:
The Planet, Satellites, and Magnetosphere, Cambridge,
219. [3] Krivov A. V. and Hamilton D. P. (1997)
Icarus, 128, 335. [4] Simpson J. A. et al. (1987) Astron. Astrophys., 187, 742. [5]Tuzzolino, A . et al.
(2003) JGR, 108, SRD5-1. [6] Simpson J. A. and Tuzzolino A. J. (1985) Nucl. Instrum. and Methods, A
236, 187. [7] Showalter M. R. et al. (2006) Plan. Spa.
Sci, 54 , 844.
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ON A PROBLEM OF EXISTENCE OF MARTIAN COMETARY FAMILY. N. I. Perov1 1Astronomical Observatory, State Pedagogical University, Respublikanskaya, 108, Yaroslavl, 150000, Russia. E-mail
perov@yspu.yar.ru.
Introduction: Of special interest for exploration
of Phobos and Deimos are the following: the development of theoretical methods for the space-time location
of undiscovered hazardous comets (and radiants of
unidentified meteor shower), because discovery of
comets is still believed to be an accidental and, moreover, unpredictable process; the prediction of the appearance in the vicinity of Mars of uncatologued (undiscovered) minor bodies. For the Earth these problems are very much paid attention in comparison with
the other planets [1], [2], [3], [4]. These problems are
connected with problem of origin of comets. We put
out three models of the origin of comets. 1) Comets
with periods P>200 yr come from a spherically symmetric cloud [5]. 2) These bodies are dynamically
linked to the Kuiper belt [6]. 3) The comets come from
interstellar medium [7]. Below a model of origin of
(any) family of comets of Mars is considered.
A Model of Origin of Any Martian Comet Family: In accordance with [7] consider the three – dimensional model of the interaction of a parabolic
comet with a planet of mass MP. The comet, moving at
a velocity Vc, approaches, at the perihelion of its heliocentric orbit, a planet moving in a circular orbit with
velocity VP. The orbital planes of the comet and planet
are tilted at an angle i0 to each other. We reduce the
interaction between the comet and the planet to the
instantaneous turn of the vector of relative velocity
|VcP|= |VcP’| of the comet. Here, |VcP| is the vector of
the initial velocity of the comet relative to the planet
and |VcP’| is the vector of the final velocity of the
comet relative to the planet. The angle θ by which the
velocity of the comet turns (in the sphere of influence
of the planet) is maximal if the comet approaches the
planet to a minimum distance without disrupting. We
assume that this distance is equal to the radius RP of
the planet. We introduce so-called impact parameter ρ
of the comet [8]. The impact parameter is equal to the
length of a perpendicular dropped from the center of
the planet to the direction V∞ the distance at which the
comet would have passed near the planet lacked gravitational field [8]. V∞ is the velocity of the comet at the
boundary of the sphere of action of the planet. We now
set rP=rc for heliocentric motion to derive analytical
formulae for the turn angle θ of the vector of the velocity of the comet in the sphere of influence of the
planet, the semimajor axis af, the eccentricity ef and
the final inclination if between the orbital planes of the
planet and comet. We designate

ν ′ = (( M S / M P )( RP / rP )(3 − 23 / 2 cos i0 ) + 1) −2

(1)

(MS is mass of the Sun. It is evident 0< ν ′ <1.)
We then obtain following formulae for the unknown quantities:
cosθ = 1 − 2ν ′ ,
(2)
1
/
2
a f = rP /( 4ν ′(2 cos i0 − 1),
(3)
e 2f = 1 − 8ν ′(21 / 2 cos i0 − 1) ×
((1 − 21 / 2ν ′(21 / 2 cos i0 )) 2 + 2ν ′ 2 sin 2 i0 ) ,
1/ 2

tan i f = ± sin i0 ((1 − 2ν ′) /(cos i0 − 2

(4)
1/ 2

ν ′(2

cos i0 − 1))

(5)
For any hypothetical cometary families of Mars we
now give the computed parameters (for encounters
between comets and Mars).
Table 1. Capture of comets by Mars at perihelia of
the initial parabolic comet orbits with subsequent ejection
ν'
af, AU
ef
if,
i0 ,
deg
deg
0 0.0124
73.921
0.9795
0
180
180 0.0135 × 10-4 -11638.9 1.000131
Moreover, ρmin/RP=1.004 (i0=180 deg); ρmax/RP
=1.119 (i0=0 deg) and minimal heliocentrical periods
of comets of (any) family of Mars are greater then
631.70 yr for the considered model. (So, these comets
are difficult to discover).
Conclusion: The model of the transition of comets
from parabolic orbits into short and long period orbits
makes it possible to do the following: (a) chose more
definitely the initial conditions for the process of
comet migration [9]; (b) explain the deficit of observed
comets with perihelion distances r Π <2.5 AU; (c) may
be used for solving of the problem of cometary hazard
in the space near the Mars, Phobos and Deimos.
References: [1] Drummond J. C. (1981) Icarus,47,
500-517. [2] Ipatow S. I. (2000) Migration of Celestial
Bodies in the Solar System Moscow: Editorial URSS.
[3] Levison H. F. et. all (2002) Sci., 296, 5576, 22122215. [4] Morbidelli A. (1999) Celest. Mech, 72, 1-2,
129-156. [5] Oort J.H. (1950) Bull Astron. Inst. Neth.,
11, 91-110. [6] Kuiper G. P. (1951) in Astrophysics: A
topical symposium, New York: McGraw-Hill, 357424. [7] Perov N. I. (2005) SSR, 39, 3, 247-253. [8]
Roy A. (1978) Orbital Motion, Bristol (UK): Adam
Higler, 1978. [9] Wiegert P. (1999) Icarus, 137, 84121.
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PRIME (Phobos Reconnaissance and International Mars Exploration): A Phobos Lander Mission to Explore
the Origin of Mars’s Inner Moon. Robert Richards1, Pascal Lee2, Alan Hildebrand3, and the PRIME Team.
1
Optech Inc., 300 Interchange Way, Vaughan, Ontario, L4K 5Z8, Canada, robertr@optech.ca. 2Mars Institute,
3
University of Calgary.
Introduction: The PRIME Lander mission is a concept for a Canadian-led international robotic mission to
land on Phobos and investigate the origin of this martian moon. The concept was proposed by Optech Inc.
in collaboration with the Mars Institute and MDA
Space Systems and was selected and supported in early
2007 as a Mars mission concept study by the Canadian
Space Agency.
Background: The single most important science objective in the exploration of Phobos is to determine the
origin of Phobos. Resolving this issue addresses not
only the origin of Phobos itself; it helps answer fundamental questions about Phobos’s evolution through
time and the current state of this martian moon. It also
addresses the relationship between Phobos and Mars,
Deimos, and other small bodies of the Solar System.
Competing hypotheses concerning Phobos’s origin
include: 1) Phobos is a circum-Mars formed body or
the collisional remnant of a once larger one; 2) Phobos
is a captured small body (asteroid or comet) or the
collisional remnant of a once larger object. In each of
these cases, Deimos could be genetically related to
Phobos, but this is not necessarily the case.
The PRIME Lander Mars mission concept was developed with the central scientific goal of determining (or
constraining to the extent possible) the nature and origin of Phobos. Important but secondary scientific goals
are to understand (or constrain better) Phobos’s evolution through time and the current state of the object.
Mission Objectives: The primary objectives of the
proposed PRIME Lander mission are to substantially:
• Advance our understanding of the nature and origin
of Phobos.
• Advance our understanding of the evolution of Phobos through time.
• Advance our understanding of the current state of
Phobos.
The single most reliable measurement that can be
made to answer the question of Phobos’s origin is to
determine the martian moon’s bulk composition.
While remote sensing studies may help constrain the
bulk composition of Phobos, they characterize strictly
only the composition of Phobos’s surface regolith,
which might not be representative of Phobos’s bulk.
Determining the bulk composition of Phobos can be
done unambiguously only by determining the composition of a representative sample of Phobos’s bedrock.
This is most easily done via in situ petrographic and

mineralogic examination of a representative piece of
Phobos’s bedrock and by analysis of its elemental
composition.
PRIME Lander: The PRIME Lander is a fixed Lander that will first characterize potential landing sites
from orbit - actually pseudo-orbits about Phobos, soft
land on Phobos using a short-range lidar (CAMELOT2), then examine its surroundings using a bodymounted gamma-ray spectrometer/neutron detector
(GRS/NDL) and two arm-mounted instruments, a
combination panoramic/microscopic color imager
(CHAMP) and an alpha particle x-ray spectrometer
(APXS). Additional baseline instruments include a
surface scanning lidar (PASCAL) and a magnetic susceptibility measurement experiment (MAG), the latter
also an arm-mounted instrument. The Lander would
also be equipped with an ultrastable oscillator capable
of supporting Radio Science during the initial prelanding orbital phase.
Rock Dock Maneuver: The PRIME Lander’s
CAMELOT-2 lidar, designed by Optech, will allow a
precision soft touchdown of the spacecraft within an
arm’s reach (< 0.5 m) of a selected block exposed on
Phobos’s surface. This “rock dock” capability is
unique to the PRIME Lander mission and represents
the key enabling technology that promises to allow
resolution of the mystery of Phobos’s origin. A
PRIME Lander in situ analysis mission incorporating
the “rock dock” capability, while inherently more
complex than a strictly orbital mission, will more
likely allow definitive resolution of the question of
Phobos’s bulk composition and therefore its origin.
The capability of the proposed mission will be illustrated using the Phobos “monolith” – a 90 m wide
boulder – as a candidate landing site target.
PRIME Lander to Mars Sample Return: In addition
to providing an opportunity to resolve the question of
Phobos’s origin, the PRIME Lander mission involves
mastery of key technologies and strategies likely
needed for an eventual Mars Sample Return mission,
namely orbital rendez-vous in Mars orbit, landing hazard avoidance, and high precision landing (rock dock
maneuver).
Acknowledgements: The PRIME concept study was
selected and supported by the Canadian Space Agency.
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THE COMPOSITION OF PHOBOS AND DEIMOS: CONSTRAINTS AND QUESTIONS. A. S. Rivkin,
Johns Hopkins University Applied Physics Laboratory (andy.rivkin@jhuapl.edu).

Phobos and Deimos were discovered well over a
century ago. The first spacecraft data returned for the
satellites arrived nearly forty years ago. Yet fundamental information about the composition of these
bodies is still a matter of some controversy, and almost
nothing about them is universally accepted. Establishing their composition is critically important for understanding the early history of the solar system (and
Mars specifically), placing them in the proper context
vis-à-vis the other small bodies of the solar system,
and determining their suitability as bases for expanding
human presence to Mars.
The first results from Mariner and Viking found
Phobos and Deimos to be low-albedo, low-density
objects with flat reflectance spectra when the available
data were pieced together [1,2]. This pointed toward a
carbonaceous-chondrite-like composition for the martian satellites, with the low density perhaps indicating
abundant internal ice, and an origin as objects captured
from the mid-asteroid belt. This paradigm is still often
held today, although the intervening years have found
numerous inconsistencies with it.
First, groundbased and spacebased observations
since the late 1980s found both Phobos and Deimos to
have extremely red-sloped (if featureless) reflectance
spectra through the visible and near-infrared [3,4].
Such spectra are much more akin to the outer-belt and
Trojan asteroids, which are associated with organicsrich mineralogies with abundant internal ice. However, as the first well-constrained asteroid densities
became available, it was seen that low densities like
those of Phobos and Deimos can arise via collisional
breakups and reaccretion and do not necessarily imply
internal ice [5]. Furthermore, dynamicists had great
difficulty creating models where Mars captured Phobos and Deimos from the outer asteroid belt, where
their spectral slope implied they were formed [6].
In the last ten years, whole-disk spectral work has
put tight constraints on the presence of hydrated minerals on the martian satellites, and reanalysis of data
from Phobos 2 has shown the presence of regionalscale differences on Phobos as two different spectral
units along with hints of smaller-scale variation
[7,8,9]. As the importance of regolith maturation (or
“space weathering”) on asteroids has been recognized,
both the lack of hydrated minerals and the difference
between the spectral units have been interpreted in
terms of space weathering as well as due to composition alone [7,8,10].

The lack of deep absorption features in the reflectance spectra of Phobos and Deimos have allowed a
number of possible analogs to be ruled out, though
they have also made it difficult to make any positive
identifications.
I will present our best current understanding of the
composition of Phobos and Deimos, focusing on visible and near-infrared spectroscopy, and the implications possible compositions have for the origin of the
satellites. I will also discuss the prospects for future
measurements.
References: [1] Pang K. D. et al. (1978) Science,
199, 64-66. [2] Veverka J. and Thomas P. (1979) in
Asteroids (T. Gehrels, ed.), 628-651. [3] Grundy W.
M. and Fink U. (1992) Asteroids Comets Meteors
1991, 215-218. [4] Murchie S. and Zellner B. (1994)
LPS XXV, 957. [5] Britt D. T. and Consoolmagno G. J.
(2000), Icarus, 146, 213-219. [6] Burns, J. A. (1992)
in Mars (H. H. Kieffer, et al. ed.), 1283-1302. [7] Murchie S. and Erard S. (1996) Icarus, 123, 63-86. [8]
Rivkin A. S. et al. (2002), Icarus, 156, 64-75. [9] Gendrin A. et al. (2005), JGR, 110, doi
10.1029/2004JE002245 [10] Shingareva T. V. et al.
(2004), LPS XXXV, Abstract #1137.
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Radar Sounder Observation of Phobos. A. Safaeinili1, A. Cicchetti3, C. Nenna4, D. Calabrese2, R. Jordan1, T.
Duxbury1, J. Plaut, G. Piccardi3, E. Flamini6 1Jet Propulsion Laboratory, California Inst. of Technology, M/S 300319, 4800 Oak Grove Dr., Pasadena, CA, 2InfoCom Dept. University of Rome, La Sapienza, Rome, Italy, 2Alcatel
Alenia Space, Rome, Italy, 2Alcatel-Alenia Spazio, Roma, Italy, 3Infocom Department, “La Sapienza” University of
Rome, Rome, Italy, 4Info Solution, Milan, Italy, 5Technische Universitaet Dreseden, Dreseden, Germany, 6Italian
Space Agency (ASI)
Introduction: Since 2004, Mars Express has been
orbiting planet Mars. Due to its elliptica orbit, Mars
Express spacecraft can provide its instruments a unique
opportunity to observe phobos from a relatively close
distance of few hundred kilometers. The latest flyby
on October 2, 2007 will bring Mars Express instruments to a distance of ~130 km. This is close enough
for the radar sounder on board to acquire echoes from
the surface and possibly subsurface of Phobos.
Mars Advanced Radar for Subsurface and Ionospheric Sounding (MARSIS) is a 1.3-5.5 MHz subsurface sounder that has been probing Mars to a depth
~3.7 km from orbit. Although originally MARSIS was
not designed to probe Phobos, we have been able to
use this radar sounder to investigate phobos at decameter wavelengths for the first time.
Radar Observation of Phobos: The first MARSIS
opportunity to observe phobos was on November 4th,
2005. MARSIS came within 215 km of the Phobos
surface. During this flyby, MARSIS collected data
over a period of ~ 5 minutes from a distance of 460 km
to 215 km and then out to 430 km. A total of 45
frames was collected with raw echoes stored in instrument on-board memory. During this fly a total of ~
16000 raw echoes were collected. In spite of the relatively small size of Phobos and large wavelength of the
radar, we observed signal to noise ratio (SNR) of ~ 25
db. This sensitivity was adequate to resolve features
that could not be explained using the high-resolution
shape models that are available today [1].
The Phobos flyby of October 2, 2007 will bring
MARSIS to a close range of 125 km with the ground
track crossing over the Stickney crater. This will be
the closest flyby and observation of a phobos by a radar sounder.
Relevance to Future Asteroid Missions: Recently, Near-Earth asteroids have been considered as
important exploration targets since they provide clues
to the evolution of the solar system. The techniques
exercised by MARSIS during the measurement of
Phobos are very relevant to the type of data that one
would expect to get from an radar orbiting around an
asteroid. However, unlike the current Phobos flybys
where the range is more than 100 km, the asteroid missions will enjoy much higher sensitivity due their rela-

tively close distance of 5-10 km. A factor of 10 in
range can increase the SNR by approximately 30 db.
Acknowledgement: The authors acknowledge the
support of the space agencies of Italy (ASI) and the
United States (NASA), for the development and science operations of MARSIS. Operations of the Mars
Express spacecraft by the European Space Agency are
gratefully acknowledged. Some of the research described in this publication was carried out at the Jet
Propulsion Laboratory, California Institute of Technology, under a contract with NASA.
References:[1] R. Gaskell, private communication.
2007, [2] Safaeinili et al., 2006, First Radar Observation of Phobos, EGU conference.
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Phobos/Deimos Effects in the Solar Wind
K. Sauer1 and E. Dubinin2
1

2

Department of Physics, University of Alberta, Edmonton, Alberta, Canada
Max-Planck-Institut für Sonnensystemforschung, Katlenburg-Lindau, Germany.

Since the Russian Mars mission in 1976 there is an ongoing debate about possible plasma
effects which may be caused by the interaction of the solar wind with the Martian moons
Phobos and Deimos. One of the most significant phenomena is the detection of largeamplitude plasma and magnetic field disturbances far downstream of Deimos which have
been interpreted as crossings of the body’s solar wind Mach cone. The idea behind the
underlying mechanism is that Deimos forms an effective ‘obstacle’ by a cloud of neutral
atoms or charged fine dust (with a radius of about 150 km) which may exist around it.
Relevant observations have been made by Phobos-2 in 1989 and Mars Global Surveyor in
1997. Other indications for dust activity of Phobos and Deimos are based on observations of
plasma disturbances by Phobos-2 when the spacecraft crossed the orbit of the moons.
Whether neutral gas/dust rings of the moons are present, is the related question. A
Phobos/Deimos mission equipped with a magnetometer, a dust detector and high-resolution
plasma instruments would bring valuable information helping to understand basic microprocesses in the plasma and dust environment of both small bodies.
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ORIGIN OF THE MARTIAN SATELLITES PHOBOS AND DEIMOS.
S. Fred Singer, University of Virginia/SEPP singer@sepp.org
Introduction: The origin of the Martian satellites presents a puzzle of long standing. Conventional hypotheses either violate physical laws or have
difficulty accounting for the observed orbits. Both
satellites have near-circular and near-equatorial orbits. Phobos’ orbit has been observed to shrink
(since its discovery in 1877), indicating the influence
of tidal perturbations. Extrapolating their orbits
backward in time yields nearly identical circular orbits at the synchronous limit, developing into parabolic orbits suggesting individual capture [1]. But
there is no ready mechanism for energy dissipation to
capture these small bodies; nor should capture yield
equatorial orbits.
Contemporaneous formation with the planet
Mars is contradicted by dynamics. The obliquity of
Mars’ axis, about 25 , indicates formation by stochastic impacts of large planetesimals, at least in the last
stages of Mars accumulation. But the equatorial orbits of the satellites would require that the obliquity
of Mars changed quasi-adiabatically, i.e., very slowly
compared to the orbital periods of the moons. This
suggests that Mars acquired the moons only after its
formation was completed, but it leaves the mechanism uncertain. [2]
With capture and contemporaneous formation
both unlikely, we propose a third possibility: Capture of a large Mars-Moon (now disappeared), during or shortly after the formation of the planet, with
Phobos and Deimos as its surviving remnants. Arguments are given in favor of such a hypothesis and
illustrative examples are shown.
Arguments for a Mars-Moon Capture
Origin :
1. Capture of a large body is dynamically easier,
since the greater tidal friction is likely to dissipate
sufficient kinetic energy to turn an initially hyperbolic orbit into a bound elliptic orbit.
2. A large Mars-Moon (M-M) would change the
angular momentum of Mars in the capture process.
Analogous to the Earth-Moon case, our calculations
show that M-M’s initial orbit would be inclined and
even retrograde, but its final orbit would be prograde,
near-equatorial, and at the synchronous limit (of
Mars rotation).
3. Capture of M-M from a retrograde orbit would
reduce the angular momentum of Mars, dissipate its
kinetic energy of rotation internally, and contribute
heat energy required for melting. It could also explain its present low spin rate.

4. The close passage of the Mars-Moon within the
Roche limit would have fractured it. Tidal friction
would soon drive the largest pieces into Mars, with
the smallest pieces remaining as Phobos and Deimos.
Phobos is spiraling into Mars now and will disappear
in a few million years; but Deimos, beyond the synchronous orbit limit, will survive against tidal friction.
5. The present orbit of Phobos makes it likely that
more massive fragments existed in the past and have
spiraled into Mars because of tidal perturbation -lifetime being inversely proportional to mass. [“If
the dinosaurs had had better telescopes, they would
have observed them.”]
6. The present orbit of Deimos, just beyond the
synchronous limit, provides an important clue about
its origin
7. There are no ready alternatives to explain the
origin of the Martian moons.
References:
[1] S.F. Singer. Geophys. J. Royal Astron. Soc. 15,
205-226, 1968;
[2]…”Origin of the Moon by Capture” in The Moon
(W. Hartmann et al., ed.) LPI, Houston, 1986, pp,
471-485.
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TO MARS VIA ITS MOONS PHOBOS AND DEIMOS (Ph-D Project)
S. Fred Singer, Univ of Virginia/SEPP; former director, US Weather Satellite Service, singer@sepp.org
National space program needs a single overarching goal
Manned exploration of Mars from Martian
Moons has unique scientific content – not a
publicity stunt.
First step should be the Ph-D Project, with a
base on Deimos. It can be Faster: 10- 15
years; Better: than a series of unmanned
probes or than a manned base on Mars surface;
Cheaper than either alternative – and within
current NASA budget.
A Manned Mission to the Moons of Mars
(MMMM) addresses Fundamental Science
Goals:
1. How do planets develop? Comparative
Planetology
What happened to Mars oceans?
To magnetic field?
Mars volcanism and mountain building
2. Climate history
Was Mars wet and warm?
Climate change as spin axis moved

Do climate cycles exist as on Earth?
Can models explain climate changes
3. Origin of Life
Existence of fossil life forms?
Existence of hidden life beneath surface or
near ice caps?
Biochemistry and morphology --similar to terrestrial life forms?
FASTER………………………..
Simple Orbit transfer from Earth orbit to Mars
orbit. No unsafe landings.
Deimos provides shielding against meteor
streams, cosmic rays, solar flares
BETTER…………………
Unmanned rovers controlled in real time – no
time delay
Tele-robots return data/samples to Deimos
Immediate evaluation permits sequential exploration --- with results in hours instead of years
Complete scientific laboratory setup --- natural
vacuum for instruments
Sortie to Phobos for sample collection
Manned sortie to Mars surface --- for follow-up
of scientific results; and to set up prototype
automatic propellant factory

CHEAPER……………………….
Assemble gradually in Earth orbit -- 30 tons,
mostly propellant
Pre-position “Slow Freight “ on Deimos -- via
cheapest route
Test Manned Habitat and crew in LEO
When ready, send by fastest route – study propulsion vs. transit time trade-offs
Desirable technology developments ---(now in
pipeline)
---Heavy-lift vehicle (“Space Truck”)
---Nuclear reactor electric power supply
No showstoppers. Build on ISS experience.
Cost Estimate: $30 billion over 15 years -within present NASA budget
Advantages of PhD Mission
Manned-Robotic Cooperation vs. Manned
Planetary Base
1. No delta-vee penalty (2 x 2.38 km/sec on
Moon) (2 x 5.0 km/sec on Mars)
Hence: Less need for propellants (and for their
transport)
2. No need for high-thrust engine -- since delvee = thrust x time
No Landings—only Orbit Maneuvers
Hence: Use existing engine (smaller, less
weight, better mass ratio)
3. Better science 4. Safer 5. Cheaper and
sooner
We need further trade-off studies: Minimizing
transit time vs. additional del-vee
“Lifeboat” mission (Chang-Diaz): 100 days to
Mars, 30 d at/near Mars, 100 d to return
Follow-ons:
Mars base: Propellant production
Detailed exploration & experiments
Habitation & colonization: Terraforming &
agriculture
Phobos/Deimos as cheap sources for material
for space construction
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MARS SAMPLE RETURN VIA PHOBOS CACHE AND HUMAN RETRIEVAL. Philip J. Stooke1,
partment of Geography, University of Western Ontario, Canada N6A 5C2. pjstooke@uwo.ca.
Introduction: Mars Sample Return is one of the
highest priority goals for deeper understanding of
Mars, but its cost and complexity have repeatedly delayed its implementation. I propose a program of sample return combining elements of robotic and human
flight programs, which spreads and shares the cost and
risks, while allowing ample opportunity for international cooperation. Samples are collected by robotic
missions and delivered to Phobos over a period of
about ten years. The first human mission to Mars, an
Apollo 10-style rehearsal mission, lands on Phobos
instead of Mars and collects the samples for return to
Earth.
Justification: Mars Sample Return is essential for
the most sophisticated analysis of Martian materials in
terrestrial laboratories. Mission designs have until
now proven to be prohibitively expensive and extremely challenging. Designs vary, but typically require a lander, a mechanism for collecting samples, a
launch vehicle capable of placing the sample in Mars
orbit, rendezvous with a return vehicle, sample transfer, and a long journey back to Earth. The complexity
of orbital operations and the long travel time back to
Earth add risk and expense to the mission. As a separate issue, human flights to Mars will be risky and expensive, making a rehearsal mission like Apollo 10
both necessary for system testing and hard to justify in
scientific terms. Here I propose combining the two
issues into a decade long program of sample collection
culminating in a human flight to Phobos to collect and
return the samples.
Sample Collection: The sample collection phase
would be spread over about a decade and could involve missions from several space agencies. It could
combine relatively simple 'ground-breaking' collection
using a static lander with a sampling arm, suitable for a
uniform geologic target, and sophisticated rover missions collecting samples over large areas. Each mission would deliver its sample to Mars orbit, rendezvous with Phobos and deposit its sample to the moon's
surface using the simplest possible landing system,
probably a small braking rocket plus airbags. Tracking or imaging would locate the landing site, and to the
extent possible these sites would be reasonably close
together. The advantages of this system are that (1)
the long, risky journey back to Earth is eliminated at
this stage; (2) international cooperation in building the
cache of samples is possible but no single mission is in
the critical path for overall mission success; (3) It is
assumed that reaching Phobos is easier than a complex

1

De-

orbital rendezvous with a return spacecraft, and (4) a
delay in the subsequent human mission can be accommodated by adding more sample return missions.
Nothing precludes additional direct-to-Earth sample
return missions. Deimos can substitute for Phobos as a
sample cache if it is operationally preferable. If human Mars exploration is eventually deemed impossible, a flagship class robotic mission to Phobos can
gather the samples instead.
International cooperation: In its simplest form
this would involve parallel Mars sample collection and
caching missions. Other options would include Deimos sample collection with delivery to Phobos, Mars
trojan asteroid sample return with delivery to Phobos,
plus Phobos rovers to gather samples and group them
for easier recovery and Phobos imaging to help locate
samples. A range of cooperative missions are available, all valuable if successful, but none critical to
overall success if they fail.
Human mission: A human Mars mission will involve great expense and high risk. Long flight times
place the crew in danger from solar flares, illness and
hardware failures. The Mars entry, descent and landing will be the most challenging human operation ever
undertaken in space. A test flight similar to Apollo 10
or the proposed Orion 12 mission (orbiting the Moon
with a crew while testing the lander in automated
mode) would be very desirable but may be hard to
justify if its science return is minimal. In this proposal, the first human crew would land on Phobos, not
Mars, which should be an easier operation and might
use systems closely based on the lunar landing vehicle.
Apart from sampling Phobos, itself a major scientific
goal, it would collect all the waiting Mars samples and
return them to Earth. There they would be distributed
to the appropriate space agencies. The high reliability
of human-rated return systems should ensure safe return of these valuable samples.
Advantages: The advantages of this system are (1)
A rehearsal mission for a human Mars landing is amply justified by its science return; (2) The cost of every
sample return mission is shared with the Constellation
program; (3) Overall risk in the robotic missions is
reduced; (4) Substantial sampling takes place before
any contamination is introduced to Mars by human
surface operations; (5) International cooperation is
feasible, but mission success does not depend on it.
Disadvantages: The delay in retrieving samples is
only an inconvenience. Possible volatile loss should
not be much worse than during a normal return flight.
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THE SURFACES OF THE MARTIAN SATELLITES: MYSTERIES, CONUNDRUMS, AND RELATIONS
TO OTHER SMALL OBJECTS. P. C. Thomas1 1Center for Radiophysics and Space Research, Cornell University, Ithaca, NY, 14853; pct2@cornell.edu.
Introduction: Sporadic exploration of the Martian
moons by spacecraft and earth-based means over the
last thirty years has revealed two very different objects, each presenting nearly unique assemblages of
surface features among small solar system bodies. As
with the origins of these moons, the development of
these surfaces remains controversial. External or internal origins for the grooves on Phobos are both still
proposed, and analogies among asteroidal and
cometary objects studied in great detail in the last 15
years do not unequivocally resolve the issue by themselves. The apparent self-burial by Deimos has not
received detailed testing, either in further work (spacecraft views after Viking are minimal compared to those
of Phobos) or in advanced studies of potentially analogous objects.
The real problems: The geography of grooves,
largely determined in the Viking era, still causes problems in interpretation, as they are often incorrectly
referred to as being radial to the large crater Stickney,
and the planes and other surfaces they define are minimally applied. Confusion about the grooves’ origin(s)
also complicates interpretation of more general regolith and structural properties of Phobos. Structural
studies also are affected by lingering uncertainties in
the masses and mean densities of the Martian satellites.
Crater morphologies lack modern comparisons to
those on other satellites, small and large. Deimos’
smoothed character, putatively due to massive ejecta
covering from a large impact, might instead represent
compositional and porosity effects upon surface regolith transport. Even basic crater density data are not
fully developed versus other objects.

The review: This presentation focuses on the interpretaive problems of the surfaces of the satellites
and in particular ways that more recently studied objects, such as asteroids, small satellites, and even comets may help put these objects in useful context. The
peculiar gravitational environment of Phobos is evaluated in the inter-object comparisons, and the satellites’
utility in using scaled processes is also discussed.
Acknowledgments: This review is dependent
upon work of a wide variety of investigators, and the
cumulative help of many technical people over literally
decades.
.
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HUMAN
EXPLORATION
OF
PHOBOS
AND
DEIMOS:
RADIOPROTECTION
ISSUES.
M. E. Vazquez, National Space Biomedical Research Institute, One Baylor Plaza, NA425, Houston, Texas:
Vazquez@bnl.gov
Radiation protection is a prime issue for extended missions to planets in our solar system (e.g. Phobos and
Deimos), or for a return visit to the Moon. The radiation
environment encountered by solar system missions
mainly consists of the following components: 1)
Trapped radiation in the Earth’s Van Allen Belts and in
the magnetosphere of Jupiter; 2) Galactic Cosmic Ray
(GCR) background radiation and 3) Solar Proton Events
(SPEs). Along with the continuous GCR background,
SPEs constitute the main hazard for interplanetary missions. Up to now, prediction of SPE events is not possible. Potential Phobos and Deimos manned missions will
need to consider solar activity (e.g. solar flares, coronal
mass ejections, etc) very carefully due to the obvious
detrimental effects of radiation on humans. Very high
doses during the transit or surface activities can result in
acute effects (radiation sickness). The risk of long-term
effects such as cancer brain damage and other degenerative diseases during or after a mission is somewhat more
difficult to quantify, but must also be considered in mission planning.
The radiation environment on the surface of Phobos and
Deimos will probably be similar to that seen in Mars
orbit. In addition, the lack of atmosphere to shield crews
from protons and GCR and the presence of “albedo”
neutrons produced in the upper layers of the surface, it
poses a complex environment with characteristics similar to free space as well as planetary surface environments. The radiation hazard on Earth is reduced by the
atmosphere, which provides 1030 gm cm-2 of shielding.
The lack of atmosphere on Phobos and Deimos [0 gm
cm-2] and Mars [16 gm cm-2] heightens the hazard but
man-made structures and the planetary bodies will offer
some protection. This radiation hazard will on average
be slightly less on the surfaces of Phobos and Deimos
and Mars than in deep space. However, human surface
activities at the Martian moons posse’s considerable
risks somewhat equivalent to Moon activities.
The Phobos and Deimos radiation environment has not
been fully characterized. Only a few space missions
were able to begin the characterization of the plasma and
radiation environment near Mars (Phobos-2, Mars Odyssey, etc). The primary objective of the Phobos-2 mission was to explore, Phobos. Phobos-2 operated nominally throughout its cruise and Mars orbital insertion
phases, gathering data on the Sun, interplanetary medium, Mars, and Phobos. The Phobos-2 spacecraft arrived at Mars on January 1989, but was lost while maneuvering in Martian orbit to encounter Phobos on
March 1989. Phobos-2 returned observations made by
an Energetic Charged-Particle Spectrometer. During this

period of the early rising phase of Solar Cycle 22, particles reaching energies of several tens of MeV were recorded close to Mars under disturbed interplanetary circumstances.
The Martian Radiation Environment Experiment
(MARIE), a payload on the NASA’s 2001 Mars Odyssey Orbiter, has collected data continuously from the
start of the Odyssey mapping mission in March 2002
until October 2003. MARIE was designed to characterize aspects of the radiation environment both on the way
to Mars and in the Martian orbit, using an energetic particle spectrometer. Gathered data showed that the accumulated total radiation dose equivalent in Mars orbit is
about 2.5 times larger than that aboard the ISS. The dose
equivalent from GCR agrees well with predictions based
on modeling. Averaged over the 11-month period, about
10 percent of the dose equivalent at Mars is due to solar
particles, although a 30 percent contribution from solar
particles was seen in July 2002, when the Sun was particularly active. Starting on July 16 2003, the largest
SPE was observed by MARIE with a dose rate > 1000
mrad/day . On Oct. 28, 2003, during a period of intense
solar activity the instrument stopped working properly.
There is not sufficient data or knowledge to approve a
mission to Mars or it’s satellites at this time because of
the lack of a well characterized radiation environment as
well as of the poorly understood biological effects of
GCR. Because of their shorter duration and majority of
time is on lunar surface, Permissive Exposure Levels
(PEL) have been drafted for Cancer and Acute Risks for
Lunar missions, however there are still large uncertainties in cancer risks and potentially dose-rate effects and
shielding should alleviate any acute risks. It is doubtful
that shielding can reduce the risk from GCR to a sufficient level, therefore the primary research goal at this
time is to establish risk models for future shielding and
biological countermeasure development. For degenerative tissues and central nervous system damage new data
needed to establish PEL’s. Organ doses for a known
SPE spectrum can be described with small uncertainties
(<15%), but it will requires accurate monitoring, dosimetry and shielding. Risk assessment models are being developed for all risks however will require extensive data collection in accurate experimental models of
human risks. Current research focus is evolving from
risk assessment in the near term to mitigation strategies
for long duration Mars and near-Mars missions in the
long-term. Therefore, adequate radiation protection
measures must be conceived for any lengthy Phobos or
Deimos exploration endeavors.
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LIVING INTERPLANETARY FLIGHT EXPERIMENT (LIFE):
AN EXPERIMENT ON THE
SURVIVABILITY OF MICROORGANISMS DURING INTERPLANETARY TRANSFER. David Warmflash1, Neva Ciftcioglu2, George Fox1; David S. McKay3, Louis Friedman4, Bruce Betts4, Joseph Kirschvink5,
1
University of Houston Dept. of Biology and Biochemistry (david.m.warmflash@nasa.gov), 2Nanobac Inc. 3NASA
Johnson Space Center, 4The Planetary Society, 5California Institute of Technology
Introduction: The possibility that transpermia, the interplanetary transfer of microorganisms, may have played a role
in the origins of terrestrial life depends on the ability of microorganisms to survive the voyage. While it is unlikely that
loose microbes could escape a planet’s gravity well or survive
radiation and vacuum or entry through a planetary atmosphere, approximately one ton of Martian rock ejected via major impact events arrives on Earth each year in the form of
meteorites (8). Some thirty meteorites have now been identified as having originated in the Martian crust (13,14), and
these represent only a small sampling of transferred Martian
rocks. Although most of the interplanetary material that arrives on Earth has spent several million years in space, it is
estimated that one out of 107 Earth-impacting Mars rocks has
made the interplanetary journey in less than a year (8) and that
every million years, approximately ten rocks larger than 100g
are transferred from Mars to Earth in only two to three years
(8). It is known that major impact events are able to move
rocks from the surface of a planet such as Mars to the surface
of a planet such as Earth without heating their interiors to
temperatures high enough to kill prokaryotic or eukaryotic
microorganisms, either during impact/ejection on Mars or
during entry through Earth’s atmosphere (18). Alternatively,
dust particles can be decelerated gently in the upper atmosphere of a planet such as Earth, thus reaching the surface
without excessive heating of the dust’s contents (1). Whether
survival of active microbes or spores during the interplanetary
transfer phase itself would be sufficient to allow for transpermia is unknown. Previously, microbial survival in space has
been investigated, for periods of up to six years, though in low
Earth orbit (LEO) (11,12,16) where radiation exposure is relatively low, and outside the Earth’s geomagnetosphere, thus in
the interplanetary radiation environment, but for relatively
short durations (several days) (3,4,5,6,7,9,11,15,16). The
afformentioned studies demonstrated survivability of sporulating microbes as well as plant seeds. To advance survivability
knowledge to the level of 34 months in the interplanetary
space environment, and thus in time range appropriate to the
transpermia hypothesis, the Planetary Society is preparing an
experiment known as LIFE (Living Interplanetary Flight Experiment), which would fly on the Russian Phobos Soil mission. The Planetary Society has flown hardware on numerous
planetary missions. In addition, The Planetary Society flew a
test of microbial life in space [give acronym and what it
stands for) on the Space Shuttle and add a numerical reference]. LIFE is being done in collaboration with the Space
Research Institute and the Institute of Microbiology of the
Russian Academy of Sciences. Currently, the experiment is
under formal consideration by NPO Lavochkin, the engineering organization building the spacecraft. The experiment is

being done in collaboration with Alexander Zakharov, Space
Research Institute, Elena Vorobyova, Moscow State University, and Valery Galchenko, Inst of Microbiology. LIFE
would test the survival of approximately ten species selected
from among bacterial, archaeal, and eukariotic domains. Organism selection is ongoing, but species will be selected based
on two general criteria: 1) baseline data which exist for the
organism based on previous survivability experiments in
space; 2) organism survivability in “extreme” or Mars-analog
environments. The latter includes strains with radiation resistance and/or the ability to metabolize lithotrophically. The
samples will be carried throughout all mission phases, from
the launch until the Phobos sample return landing. The experiment is passive, with no active control nor actuators. The
experiment container will be integrated inside the sample
entry vehicle, in spare volume between the aeroshell heatshield substrate and internal avionics(Svitek and Fraze).
References: (1) Anders, E. 1989. Pre-biotic organic matter from comets
and asteroids. Nature 342:255-257. (2) Bucker H, et al. Results of the Bacillus
subtilis unit of the Biostack II experiment: physical characteristics and biological effects of individual cosmic HZE particles. Life Sci Space Res. 1975; 13:
161-6. (3) Bucker H, et al. The Biostack experiment on Apollo 16. Life Sci
Space Res. 1973; 11: 295-305. (4) Bucker H, Horneck G. The biological effectiveness of HZE-particles of cosmic radiation studied in the Apollo 16 and 17
Biostack experiments.

Acta Astronaut. 1975 Mar-Apr; 2(3-4): 247-64. (5)

Bucker H. The Biostack Experiments I and II aboard Apollo 16 and 17. Life
Sci Space Res. 1974; 12: 43-50. (6) Facius R, et al. Radiobiological results
from the Bacillus subtilis Biostack experiments within the Apollo and the ASTP
space flights. Life Sci Space Res. 1978; 16: 151-6. (7) Facius R, et al. Dosimetric and biological results from the Bacillus subtilis Biostack experiment
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HUMAN EXPLORATION OF PHOBOS & DEIMOS: ENGINEERING CHALLENGES & UNIQUE
OPPORTUNITIES. Michael D. West1,2 and Pascal Lee2, 1Research School of Physical Sciences & Engineering,
The Australian National University, Mills Rd, Canberra, ACT, 0200, Australia, michael.west@anu.edu.au 2 Mars
Institute, Unit 97, 35287 Old Yale Rd, Abbortsford, BC, V3G 8H5, Canada.
Introduction: Since their discovery Phobos and
Deimos have been a source of puzzlement. Spectra
acquired from the Earth and spacecraft have yielded
ambiguous and conflicting links with different types of
asteroids; while imaging data from past missions have
revealed these moons as irregular shaped, heavily
cratered, regolith-covered bodies. Despite the repeated
flybys and the global imaging coverage now available,
several fundamental questions remain unanswered –
principally their origin, evolution and current state.
The low V’s required to reach the surface of these
moons, and particularly Phobos, makes these objects
one of the most economical targets for human exploration in the Solar System. Several different approaches
and scenarios have been proposed [1-3] but significant
support or in-depth investigations of such ventures
have yet to materialize.
Traditional Rationales: These rationales have included the use of Mars’ inner moon as a platform for
observing the surface of Mars and the teleoperation of
rovers on the martian surface [3]. Speculation about
the presence of H2O [4] and other in-situ resources
have led to proposals for mining operations and the use
of the moons as ‘interplanetary gas stations’ [5-6] that
could aid the exploration of Mars and other parts of the
Solar System. Sadly, advances in robotic technologies
have made the former rationale obselete and the later is
based on very speculative observations of Phobos’
regolith which await future confirmation.
Engineering Challenges: Human exploration of
Phobos and Deimos is not without some interesting
engineering challenges that will require innovative and
robust solutions. Mobility on or above the surface is a
concern given the low escape velocities and variable
gravity fields of the moons [1,7]. The nature of the
regolith and the stability of dust clouds may also pose
a hazard to EVAs, equipment and crew health [7].
Unique Opportunities: The engineering challenges aside, the human exploration of Phobos and
Deimos remains attractive for various reasons in addition to the compelling scientific questions. Many have
only matured in recent years and include:
EVA Experience. Further expertise will be gained
in operations both near and on small, essentially gravity free planetary bodies which is of value to the exploration of near Earth asteroids and comets in the future.
This experience is also a natural progression from the
EVA experience obtained during the Shuttle, Mir &

ISS programs before progressing to more challenging
Mars surface EVAs.
Planetary Protection. A crewed outpost on Mars’
moons could support preliminary analysis, screening
and quarantining of martian surface material prior to
forwarding the samples to Earth for detailed examination [8]. This would mitigate the risk of humaninduced forward contamination of the martian environment and the risk of any martian biology to the
crew and Earth.
Mission Support Infrastructure. The deployment
of strategic infrastructure on the martian moons would
greatly enhance future robotic and human missions to
the Mars system. High-precision navigational beacons
[9], environmental monitoring equipment and communications relays will provide high-precision position
and gravitional field determination, greater knowledge
of the martian surface and orbital environments and
enhanced data relay capability between Earth and
Mars’ surface, respectively.
Radiation Shielding. By executing a retrograde
synchronous orbit around Phobos or Deimos at a low
altitude or landing at the right location it is possible to
always stay on the down sun side of the moons. Such a
maneuver would allow the mass of the moon to be
used for shield the crew from radiation, particularly
during solar flares.
Catalyst for Human Mars Exploration. Phobos and
Deimos are technically feasible targets in the immediate wake of humans returning to the Moon and reduce
the risks of progressing directly to a full-scale manned
Mars mission [7]. The martian moons will also provide
a steady cadence of exciting, meaningful and tangible
near-term missions at Mars, thus ensuring programmatic focus and continued public support.
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PHOBOS SAMPLE RETURN MISSION. A. Zakharov and Project Science-Design Team, Space Research Institute,
Profsoyuznaya 84/32, Moscow, 117997 Russia, zaharov@iki.rssi.ru

The Phobos Sample Return mission (PhobosSoil) is under development now by the Russian Academy of Sciences and the Russian Space Agency. One
of the main goal of the mission is the delivery of the
Phobos surface material to the Earth for laboratory
studies of its chemical, isotopic, mineral composition,
age, etc. Besides, the spacecraft payload includes an
extended set of scientific instruments: panoramic camera, gamma and neutron spectrometers, gas chromatograph, mass spectrometers, IR spectrometer, seismometer, dust sensor, stars and solar tracker, plasma
package for “in situ” studies of Phobos (regolith, internal structure), and investigations of the Martian environment (dust, plasma, fields).

The drive for Phobos investigation is strongly
supported by the need to understand the basic scientific issues related to the Martian moons both as the
representatives of the family of the small bodies in the
Solar system and as principal components of the Martian environment: primordial matter of the Solar system (what many believe they are). We want to study
the characteristics of the Martian satellites, peculiarity
of the proper and orbital motion, and understand their
origin what may give a clue to the formation of satellite systems of the other planets.

Scientific problems of the Phobos studies, goals of the
mission, as well as its mission scenario are described in the
paper.
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