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Title Figure: Announcement banner of the First International Conference on the Exploration of Phobos 
and Deimos. Artwork by Walter Myers. (Image Credit: Mars Institute / Walter Myers). 
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Abstract 
 
The First International Conference on the Exploration of Phobos and Deimos: The Science, Robotic 
Reconnaissance, and Human Exploration of the Two Moons of Mars was organized by the Mars Institute, 
the Lunar and Planetary Institute, and NASA Ames Research Center, and held at NASA Ames Research 
Center, Moffett Field, California, USA, on 5-7 Nov 2007. The Conference gathered 49 registered 
participants from over 10 countries. Three plenary technical sessions were convened, dedicated to the 
science, robotic reconnaissance, and human exploration of Phobos and Deimos. A fourth and final 
technical session was held to summarize discussions and formulate recommendations for the future. 
During this synthesis session, the determination of the origin of Phobos and Deimos was unanimously 
identified as the single most important scientific objective remaining in the exploration of the moons of 
Mars. The determination of the H2O content of Phobos and Deimos was identified as the single most 
important objective in relation to planning the future human exploration of Mars. Conference attendees 
recommended making the scientific exploration of both Phobos and Deimos a high priority in near-term 
international efforts to explore near-Earth space. The Conference also included a display of historical 
memorabilia relating to American astronomer Asaph Hall, discoverer of Phobos and Deimos, and the 
“Destination: Mars” space art exhibition sponsored by the International Association of Astronomical Artists 
(IAAA), the Mars Institute, and NASA. 
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1. Introduction 
 
The First International Conference on the Exploration of Phobos and Deimos: The Science, Robotic 
Reconnaissance, and Human Exploration of the Two Moons of Mars (hereafter “the Conference”) was 
organized by the Mars Institute, the Lunar and Planetary Institute, and NASA Ames Research Center, 
and held at NASA Ames Research Center at Moffett Field, CA, USA, on 5-7 November 2007. The 
Conference was the first international meeting to focus on Phobos and Deimos, and on how their 
exploration relates to that of the Moon, Mars, and the solar system beyond. The conference served as an 
open international forum bringing together scientists, engineers, space exploration professionals, and 
students interested in discussing the status and advancement of the exploration of Mars’ satellites, and 
the exploration of Mars itself through them. 
 
The Conference was convened at a time of renewed interest in the exploration of Phobos and Deimos, 
with several international spacecraft missions and concept studies underway. The Conference was an 
opportunity to: 
 

• Review scientific knowledge and key remaining unknowns regarding Phobos and Deimos, 
including their connection to Mars and the rest of the solar system and its processes; 

• Review and coordinate upcoming robotic reconnaissance efforts to Phobos and Deimos, 
including the role such missions might play in support of Mars sample return; and 

• Discuss the potential roles of Phobos and Deimos in consideration of future human exploration 
missions to the Moon, Mars, and Near-Earth Objects (NEOs). 
 

An anticipated outcome of the Conference was a clearer definition of the place Phobos and Deimos 
should hold in future planetary exploration, both robotic and manned, and recommendations regarding 
possible next steps. 

 
The Conference had the format of a workshop and comprised single-track plenary technical sessions for 
oral presentations (invited talks and selected oral contributions) and discussions, and a poster session. 
The technical sessions were open to registered participants only and focused on three areas relating to 
the exploration of Phobos and Deimos:  Science, Robotic Reconnaissance, and Human Exploration, with 
the following questions serving as guides: 
 

o Science:     What outstanding issues remain to be addressed at 
Phobos and Deimos? How might they be resolved? 

o Robotic Reconnaissance:   How might near-term robotic spacecraft missions 
collaborate? How might missions to Phobos and/or 
Deimos support Mars sample return? 

o Human Exploration:    What might humans do on Phobos and Deimos and 
how might they use these moons to explore Mars? 
What precursor robotic missions might be needed? 
 

A fourth technical session was dedicated to formulating a synthesis of the results of the 
Conference and examining the next steps needed in the exploration of Phobos and Deimos, with the goal 
of offering recommendations on how best to proceed. 
 
The following sections offer a summary of the communications presented during each session, in the 
form of either talks, posters, print-only, or open discussions. The present technical paper is not a critical 
peer review of the papers presented at the Conference, nor a review of our current knowledge about 
Phobos and Deimos, but a summary of the main topics presented, the key discussions held, and where 
applicable, the consensus agreements reached. 
 
In parallel with the technical sessions, a series of special events were organized: four keynote talks; an 
Asaph Hall memorabilia display sponsored by the Mars Institute, NASA Headquarters, and the NASA 
Public Affairs Office; and the “Destination: Mars” space art exhibition sponsored by the International 
Association of Astronomical Artists (IAAA), the Mars Institute, and NASA. 
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2. Science 
 
The Science Session included invited review talks and new contributions. The salient information and 
new data presented are summarized below. 
 
 
2.1 Origin and Composition 
 
Gladman (2007) discusses the outstanding mystery of the origin of Phobos and Deimos, and reviews 
both the asteroid capture and circum-Mars accretion hypotheses, and the difficulties each presents. One 
interesting a priori possibility is that Phobos and Deimos are the last remnants of planetesimals formed at 
1.5 AU. He argues that remote-sensing interpretations of Phobos and Deimos might be impeded by 
contamination from asteroidal dust veneers, and that large ejecta blocks likely offer the best chance of 
accessing material truly representative of Phobos and Deimos’s bulk. He also indicates that, based on the 
martian meteorite flux and Phobos’s small accretion cross-section, only ~3000 pieces of ejecta greater 
than 1 m in size would have struck Phobos is the last 4 billion years, and that survival of such fragments 
upon impact at typical velocities of 2 km/s, is unlikely, making the prospects of finding significant amounts 
of martian meteoritic material on Phobos or Deimos bleak (Gladman 2007). “The Phobos regolith is more 
polluted by the main belt than by Mars”, by a factor of about 30 (Gladman 2007).  

Rivkin (2007) presents a review of our current (poor) understanding of the composition of Phobos 
and Deimos, based in particular on visible and near-infrared spectroscopy, and discusses the origin of the 
satellites implied by the different possible compositions. He notes that “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” 
(Rivkin 2007). Phobos presents two distinct spectral units: a “red” unit and a “blue” unit. Phobos’s red unit 
is spectrally similar to Deimos and to D-type asteroids, and is not well matched by any known meteorite 
class. Phobos’s blue unit is geographically associated with the rim area of Stickney Crater and is 
spectrally similar to dehydrated carbonaceous chondrites. There is no H2O signature at the surface of 
Phobos or Deimos, but subsurface H2O cannot be ruled out (Rivkin 2007). 

Desportes (2007) offers a detailed review of the spectral properties of Phobos. Based on 
remaining uncertainties regarding the nature and origin of Mars’s inner satellite, he recommends that 
future orbital investigations include: i) infrared imaging spectrometry at 1-2 µm and at 3-6 µm wavelength 
for the detection of potential mafic mineral and hydration features, respectively; ii) thermal emission 
spectrometry to characterize surface thermo-physical properties (e.g. thermal inertia to understand the 
upper regolith’s textures and structure) and assist with mineralogy investigations; iii) gamma-ray 
spectrometry to search for near-subsurface ice; iv) ground-penetrating radar surveys for subsurface ice 
detection and mapping (Desportes 2007). 

Singer (1997) reviews classical hypotheses about the origin of Phobos and Deimos, in particular 
the capture of asteroids hypothesis and the contemporaneous formation with Mars idea. After noting 
difficulties with both, he argues that the capture and eventual break-up of a large planetesimal early in 
Mars’s history seems consistent with all available data and model predictions (Singer 1997). 
 
 
2.2 Orbits 
 
Jacobson (2007) fits numerically integrated orbits to a wide range of earlier observations of Phobos and 
Deimos, including Earth-based astrometry data from the USNO and Table Mountain Observatory, and 
imaging and ranging data from the MGS, Mars Express and MRO spacecraft. He computes new 
ephemerii for the Martian moons, and estimates 1σ errors in the radial, in-orbit, and out of plane 
directions to be 2 km, 5 km, and 2 km for Phobos, and 3 km, 10 km, and 3 km for Deimos, respectively. 
The new ephemerii is available via the JPL Horizons system (Jacobson 2007). 
 Nakhodneva and Perov (2007) discuss the “twice averaged model Hill problem with allowance for 
the oblateness of the central body” and apply it to Phobos and Deimos while considering Mars’s 
oblateness. They derive orbital parameters for both Phobos and Deimos (Nakhodneva and Perov 2007). 
 Perov (2007) investigates potential encounters between comets and Mars. 
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2.3 Surface 
 
Thomas (1997) examines the “mysteries” and “conundrums” still surrounding the surfaces of Phobos and 
Deimos, particularly in light of recent spacecraft imaging of other small bodies. He emphasizes the major 
uncertainties remaining regarding the nature of Phobos’s grooves, regolith, and structural properties. 
Grooves are present only on Phobos where their pattern appears to related to body axes, not radial to the 
large Stickney Crater (Figs. 6, 7 and 9) (Thomas 1997). Murray et al., however, point out that Phobos’s 
grooves pattern is consistent with a formation by Mars impact ejecta (Ball et al. 2007). Thomas (1997) 
also notes that spacecraft imaging of Deimos has been minimal since Viking (unlike for Phobos), and little 
progress has been made in our understanding of the nature of either Phobos or Deimos, or the cause(s) 
of their striking morphologic differences. The origin of Deimos’s remarkable smooth character, in 
particular, remains poorly understood (Figs. 10 and 11) (Thomas 2007). 

Hartmann (2007) shows that the few impact craters on Phobos larger than ~ 90 m are at near-
saturation levels (Fig. 8), indicating not only a very old surface for Phobos, but that saturation can be 
reached in the Martian environment, implying that the present 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. Thus, the cratering record on Phobos is helping calibrate the cratering record on 
Mars. Hartmann (2007) also argues that raised rims along crater chains on Phobos suggest blowout of 
volatiles along fractures (Fig. 9) (cf. Hartmann 1981), consistent with Phobos having originated as a 
volatile-rich D, P or C-class asteroid. He points out that while their near-surface regolith might be depleted 
in volatiles from impact processing, their deeper interiors might still be rich in volatiles inherited from their 
hypothesized origin as outer solar system objects, consistent with Phobos and Deimos’s low bulk density. 
Hartmann also discusses the origin of Phobos and Deimos by capture following an early massive 
scattering event of primitive asteroids from the outer solar system (Hartmann 1987, 1990, 2007). 

Aftabi (2007a) documents the experimental viscous creep of ice and rock mixtures, viewing these 
as potential analogs for surface materials and processes on Phobos and Deimos. Aftabi (2007b) further 
interprets a range of surface features on these bodies as water-associated or water-derived formations. 
 
 
2.4 Dust Rings and Circum Planetary Environment 
 
Espley et al. (2007) review theoretical models of interplanetary micrometeoritic particle impact on Phobos 
and Deimos predicting the formation of a gossamer torus of dust associated with Deimos’s orbit and a 
gossamer ring of dust associated with that of Phobos, as modeled by Krivov and Hamilton (1997). They 
describe past and future efforts to directly observe the hypothesized torus and ring using the Hubble 
Space Telescope (HST), the Spitzer Space Telescope, spacecraft at Mars, and ground based telescopes 
(Espley et al. 2007). Three recent detection attempts using the HST established upper limits of visual 
optical depths of τ < 3x10-8 for the Phobos ring, and τ < 10-7 for the Deimos torus (Showalter et al. 2006). 

Sauer and Dubinin (2007) review measurements by the Phobos-2 and Mars Global Surveyor 
spacecraft of dust activity, and plasma and magnetic field disturbances associated with Phobos and 
Deimos. They interpret the observed phenomena as being likely due to solar wind interactions with these 
bodies (Sauer and Dubinin 2007). 
 
 
3. Robotic Reconnaissance 
 
3.1 Ongoing Missions and Recent Observations 
 
Murchie et al. (2007) (presentation by A. Rivkin) present disk-resolved images of Deimos acquired on 7 
June 2007 by the Compact Reconnaissance Imaging Spectrometer for Mars (CRISM) hyperspectral 
imager on NASA’s Mars Reconnaissance Orbiter (MRO) (Fig. 4). They report that Deimos exhibits a 
featureless red spectrum lacking absorptions due to H2O or mafic minerals, consistent with earlier results, 
suggesting that Deimos may have a primitive but anhydrous composition like D-type asteroids. 
Preliminary data on Phobos acquired on 22 October 2007 are also presented (Fig. 4) (Murchie et al. 
2007). 
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Hoffman et al. (2007) describe ongoing efforts to observe Phobos and Deimos using the HRSC 
payload on ESA’s Mars Express spacecraft. Mars Express is the only orbiter currently operating at Mars 
that makes sporadic close flybys of Phobos allowing high-resolution remote sensing imaging (Fig. 5). 
HRSC observations of Phobos aim to achieve complete surface coverage to investigate the inner 
satellite’s geology and surface properties, to validate and improve orbit models, and to refine Phobos’s 
geodetic control net and global shape and terrain models. The HRSC Digital Terrain Model (DTM) of 
Phobos has an effective resolution of 100 - 200 m (compared to ~ 400 m for the DTM using Viking Orbiter 
data), and a vertical accuracy of 6 m (12 – 24 m in edge areas). HRSC imaging covers 1/3 of Phobos’s 
surface so far. HRSC objectives at Deimos are to improve the outer satellite’s orbit models (Hoffman et al. 
2007). 

Safaeinili et al. (2007) present radar sounding data on Phobos acquired at 1.3-5.5 MHz with the 
Mars Advanced Radar for Subsurface and Ionospheric Sounding (MARSIS) instrument on the Mars 
Express spacecraft during its flybys of Phobos on 4 November 2005 and 2 October 2007. The radar’s 
sensitivity allowed features to be resolved, but they remain difficult to interpret and showed only weak 
correlation with high-resolution shape model features (Safaeinili et al. 2007). 
 
 
3.2 Phobos-Grunt 
 
Zakharov (2007) delivered a keynote talk titled “Phobos Sample Return Mission”. In this contribution, he 
provides a summary of the status of the Phobos Sample Return Mission (SRM), a.k.a. Phobos-Grunt or 
Phobos-Soil, currently under development by the Russian Academy of Sciences and the Russian Space 
Agency (Fig. 12). The main goals of the mission can be summarized as follows: a) investigate the origin, 
nature, and geologic evolution of Phobos, in particular its internal structure, and the physical and 
chemical characteristics of its regolith via in situ analysis and sample return (0.2 kg of samples); b) 
investigate Phobos’s orbital and proper motion to understand better its dynamic evolution; c) investigate 
the martian environment, in particular dust, gas, plasma, particles and fields, and radiation; d) monitor 
and investigate the dynamics of Mars’s atmosphere and surface processes. Zakharov (2007) also 
indicates how the Phobos-SRM may serve as a precursor for MSR. A launch date c. 7 October 2009 
remains targeted for Phobos-Grunt, with an arrival date at Mars of 29 August 2010, a landing on Phobos 
on 10 May 2011, a sample return stage launch from Phobos five days later, a departure from Mars c. 29 
July 2011, and a return to Earth in June or July 2011 (Zakharov 2007). 
 Approximately fifteen payload elements are currently under consideration for the Phobos-Grunt 
mission (Zakharov 2007). Three were discussed in more detail during the Conference: AOST (Palomba et 
al. 2007), MIMOS II (Klingelhofer et al. 2007), and LIFE (Warmflash et al. 2007, Fraze et al. 2007). 

Palomba et al. (2007a) discuss the development and status of the AOST Fourier Transform 
infrared spectrometer on the Phobos SRM. The instrument operates between 2.5 and 25 µm and will 
investigate the mineralogy and thermo-physical properties of Phobos’s surface during both orbital and 
landed phases. It will also probe the Martian atmosphere and surface (Palomba et al. 2007a). 

Klingelhofer et al. (2007) describe the development and status of the Miniaturized Mossbauer 
Spectrometer (MIMOS) II instrument that will be flown on the Phobos SRM and ESA’s ExoMars mission. 
The arm-mounted instrument will be used to investigate the surface mineralogy of Phobos, in particular in 
association with Fe-bearing phases. MIMOS II is based on the Mossbauer Spectrometer flown on the 
MERs, with a few modifications and improvements (Klingelhofer et al. 2007). 

Warmflash et al. (2007) describe the motivation and status of the Living Interplanetary Flight 
Experiment (LIFE) proposed by the Planetary Society for the Phobos SRM. The passive experiment 
would test the survival of approximately ten species of microorganisms selected from among bacterial, 
archael, and eukaryotic domains, subjected to a 34 month roundtrip journey to Phobos, an interplanetary 
travel time relevant to Mars transpermia (Warmflash et al. 2007). 

Fraze et al. (2007) describe the design of the proposed lightweight (<100g) LIFE payload with its 
31 sample cavities (including one for a permafrost sample), triple-redundant seal integrity, radiation 
dosimetry strips, and temperature extreme recording paint. LIFE’s design is intended to be “simple, 
compact, and rugged”, but also responsive to strict COSPAR planetary protection guidelines (Fraze et al. 
2007). 
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3.3 Future Phobos and Deimos Missions 
 
Ball et al. (2007) discuss integrated studies of Phobos and Deimos combining remote, in situ, and 
laboratory investigations. They review past and ongoing Phobos and/or Deimos mission development 
efforts in Europe. They discuss in particular the Mars Phobos And Deimos Survey (M-PADS) mission 
proposed in 2004 by QinetiQ and Open University to ESA’s Aurora Program as a Mars MicroMission. 
They also discuss the Deimos Sample Return (DSR) mission proposed in 2007 by Open University to 
ESA’s Aurora Program as a precursor to Mars Sample Return (MSR). They argue that DSR could serve 
as a valuable precursor to MSR and discuss the possibility that Martian meteoritic materials might be 
inlcuded among the regolith samples to be retrieved from Deimos (Ball et al. 2007). (But see Gladman 
(2007) for a potential caveat). 

Richards et al. (2007) present the Phobos Reconnaissance and International Mars Exploration 
(PRIME) mission concept proposed by Optech Inc. in collaboration with the Mars Institute and MDA 
Space Systems to the Canadian Space Agency. PRIME’s central scientific goal is to determine the nature 
and origin of Phobos. Both a Phobos orbiter and a Phobos lander are examined in the study. The orbiter 
would perform pseudo-orbits about Phobos, and map and investigate its composition and internal 
structure. The lander would perform a lidar-guided precision soft touchdown on Phobos to “rock dock” 
with ejecta blocks and conduct in situ analyses of these boulders viewed as the most likely “outcrops” 
representative of Phobos’s bulk (Richards et al. 2007). 

Kremic and Dankanich (2007) present and discuss the potential benefits of using in-space 
propulsion technologies, in particular electric propulsion, in future robotic reconnaissance missions to 
Phobos and Deimos and in sample return missions. They discuss the development status and availability 
of these capabilities within the In-Space Propulsion Technology Project funded by NASA SMD at NASA 
GRC (Kremic and Dankanich 2007). 

 
 
3.4 Instruments for Future Missions 
 
Gellert (2007) discusses the suitability of an alpha particle x-ray spectrometer (APXS) instrument on a 
Phobos or Deimos lander mission. The APXS is a high-heritage, compact contact instrument that can 
measure elemental abundances and ratios in surface rocks and soils, e.g., Mg/Si, Fe/Si, Fe/Mn, Ni, Al, 
Ca, P, Ge. Gellert (2007) indicates that a standard APXS like the one on the MERs would be suitable for 
Phobos and Deimos, allowing a Mars-like composition to be clearly distinguishable from a chondritic 
composition. The Rutherford backscattering (RBS) mode of the standard MER APXS would also be 
useful for measuring the abundance of lighter elements, allowing abundances in H2O and C in the regolith 
to be measured (Gellert 2007). An APXS is included in the payload of the PRIME mission (Richards et al. 
2007). 

Blake et al. (2007a) describe progress being made in the development of the spaceflight 
Microfabricated Scanning Electron Microscope and x-ray Spectrometer (MSEMS), a highly miniaturized 
Scanning Electron Microscope and electron-induced X-ray fluorescence Spectroscopy (SEM-EDX) 
instrument under development at NASA ARC with support from the NASA SMD PIDDP program. The 
MSEMS will enable imaging and compositional analysis of surface materials on Phobos and other solid 
surface bodies down to submicron/pixel scales (Blake et al. 2007a). 

Blake et al. (2007b) discuss how mineralogy analysis by x-ray diffraction (XRD) combined with x-
ray fluorescence (XRF) can provide as complete a mineralogical characterization of surface materials as 
is possible on solid bodies. They describe the design and performance of the CheMin XRD/XRF 
instrument developed at NASA Ames Research Center and selected for flight on the Mars Science 
Laboratory (MSL) mission. They indicate that a similar instrument flown on a lander to Phobos or Deimos 
would provide key compositional and mineralogical data (Blake et al. 2007b). 

Palomba et al. (2007b) propose and describe the Mars Tori Investigator (MATI) instrument 
concept, a dust detector to search for and characterize the hypothesized circum-Mars dust tori associated 
with Phobos and Deimos (e.g., Espley et al. 2007). The instrument would measure dust particle flux, 
mass, and velocity distributions around Mars to investigate the 3D structure of the tori (Palomba et al. 
2007b). 
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4. Human Exploration 
 
The Human Exploration Session began with a keynote talk by Stephen J. Hoffman of SAIC and NASA 
JSC, who presented an overview of “Recent Human Mars Mission Planning Activities” at NASA. The 
presentation served to provide a status on current efforts in the United States to develop integrated 
approaches and strategies for the future human exploration of Mars. 
 
 
4.1 Human Exploration Strategies 
 
Landis et al. (2007) report on the recent study undertaken by the Advanced Projects Office (APO) within 
NASA’s Constellation Program (CxP) examining the feasibility of sending a Crew Exploration Vehicle 
(CEV), the Orion spacecraft, to a NEO (Fig. 13). Such a mission could send two or three astronauts on a 
90 to 120 day roundtrip journey to a NEO, including a 7 to 14 day stay at the NEO itself, making it an 
ideal Apollo 8-style precursor mission to a visit to Phobos and Deimos (Landis et al. 2007). 

Stooke (2007) proposes that Mars Sample Return (MSR), a scientifically compelling step in the 
robotic exploration of Mars but one that has been too costly to implement so far, be a program combining 
robotic and human elements, to spread and share the cost and risks between robotic and human 
exploration programs, while allowing ample opportunity for international cooperation. He envisions that 
Mars samples, and samples from near-Mars objects such as Phobos, Deimos, or Mars Trojans, could be 
collected by robotic missions first, and delivered to Phobos (or Deimos) over a period of about ten years. 
The first human mission to Mars, an Apollo 8 or Apollo 10-style rehearsal mission, would then land on 
Phobos (or Deimos) instead of Mars itself, and collect the samples for return to Earth. By having humans 
return Mars samples cached on Phobos (or Deimos) rather than landing on Mars itself, Stooke (2007) 
argues that the huge risk of early human missions to Mars would be mitigated while still allowing such 
missions (to Mars orbit) to have a major science return. 
 Singer (2007) advocates a Manned Mission to the Moons of Mars (MMMM), a.k.a. the Ph-D 
Project to establish a base on Deimos, arguing that such a mission would be scientifically compelling, 
“faster” (could happen sooner than a landing on Mars), “better” (Mars and Phobos would be explored 
telerobotically in real time from Deimos), “cheaper” (requiring less delta v and less complexity than 
landing on Mars), and ”safer” (than landing on Mars). 
 West and Lee (2007) review the status of earlier ideas concerning human missions to Phobos 
and Deimos, and discuss remaining challenges and outstanding opportunities associated with their 
exploration. They discuss surface exploration operations on the two Martian satellites and advocate the 
establishment of an infrastructure on Phobos that could play a strategic role in the exploration of Mars 
(West and Lee 2007). 

Lee (2007) discusses in more detail the technical feasibility, scientific merit, programmatic value, 
and outreach attractiveness of human missions to Phobos and Deimos, to build a case for carrying out 
their exploration with humans as soon as possible. He argues that a human mission to the moons of Mars 
will be technically feasible much sooner than a human mission to Mars itself, and that such a mission 
would be a new, exciting, tangible, and meaningful step beyond the Moon and towards Mars (Lee 2007). 

Mistry (2007) discusses in-situ resource utilization (ISRU) on Phobos and Deimos and argues 
that mining these bodies would likely be most beneficial if applied to supporting infrastructures in space. 
He also argues that water would be the most useful material to extract (Mistry 2007). 
 
 
4.2 Space Radiation 
 
Vazquez (2007) (presentation by M. Vasquez and C. Zeitlin) reviews the status of our understanding of 
space radiation and its potential hazards in the context of a human mission to Mars. He examines in 
particular data collected in Mars orbit by the energetic Charged Particle Spectrometer on the Phobos-2 
spacecraft and by the Martian Radiation Environment Experiment (MARIE) instrument on Mars Odyssey. 
He emphasizes the need for more in situ radiation measurements and research in interplanetary space, 
on Phobos and Deimos, and on Mars, including radiation measurements through time and at different 
locations on these bodies, before an adequate picture of radiation hazard and mitigation can be 
developed for a human mission to Mars orbit and Mars itself (Vasquez 2007). 
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De Angelis et al. (2007) report on recent efforts to model the radiation environment at and above 
the surface of Mars, particularly radiation induced by Galactic Cosmic Rays (GCR) and Solar Particle 
Events (SPE). Characterization of high energy particle fluxes and doses at any location and time on and 
around Mars is critical for planning human missions to Mars. Preliminary models for the radiation 
environment at Phobos and Deimos are being developed by extension of those built for Mars (De Angelis 
et al. 2007). 
 
 
5. Synthesis 
 
During the final technical session of the Conference, dedicated to synthesis discussions, the following 
findings received unanimous support from attendees: 
 
1. Phobos and Deimos hold unique keys to a wide range of outstanding questions in planetary science. 

Phobos and Deimos are at the crossroads of major issues in planetary science, including: i) the 
formation and evolution of small bodies, planets, satellites, and rings, ii) the roles of impacts and material 
exchange in planetary evolution; iii) the history of volatile and organics delivery to planets; iv) processes 
of small body evolution and disruption; and v) the availability of resources for future human exploration. 
 
2.  The single highest priority science question in the study of Phobos and Deimos is that of their origin. 

After four decades of spacecraft exploration, the moons of Mars are the only bodies in the inner 
solar system whose nature and origin remain utterly unknown. Solving these mysteries will open the door 
to answering a wide range of questions in planetary science. 
 
3. The single highest priority question to be addressed at Phobos and Deimos relating to planning the 
human exploration of Mars is that of their content in H2O. 

Future human Mars exploration architectures would be profoundly altered from conventional 
scenarios if H2O were an exploitable resource on Phobos or Deimos. While the surfaces of these moons 
appear to be devoid in H2O, their potential primitive nature and low bulk density suggest that their 
subsurface might be very different from their surface, and possibly rich in H2O. 
 
4. Russia’s Phobos-Grunt mission is an important opportunity for International collaboration. 

US and Russian attendees recommend that NASA support an opportunistic Participating Scientist 
program in the context of the upcoming Phobos-Grunt mission. The Planetary Society suggests that 
NASA provide $20M in support of US participation in Phobos-Grunt. 
 
5. Phobos and/or Deimos mission proposals in the US need an explicit home within NASA’s Discovery 
Program and/or NASA’s Mars Scout Program. 

While it is recognized that proposals for missions to Phobos and Deimos might have different 
emphases (some more on Small Bodies, others more on Mars), there is concern that they are currently 
deemed too “Mars-related” for NASA’s Discovery Program and too “Small Bodies-related” for NASA Mars 
Scouts, and are cast into a programmatic no-man’s land. 
 
6. Phobos and/or Deimos sample return missions are valuable precursors for Mars Sample Return. 

Phobos and/or Deimos SRMs offer an opportunity to mitigate the risk (including planetary 
protection concerns) and spread the development cost of a Mars SRM, while providing a short term 
opportunity to conduct exciting sample return science and cooperate with international partners. 
 
Prior to the synthesis session, S. Peter Worden, Director of NASA ARC, delivered a keynote talk titled 
“Space Exploration and Phobos-Deimos” which provided additional input into synthesis discussions. He 
points to NEOs as a key potential direction for the Vision for Space Exploration (VSE) and stresses the 
importance of characterizing their volatile content (for eventual ISRU), along with the volatile content of 
Phobos and Deimos as well. He suggests considering an expansion of the Constellation flight envelope to 
eventually allow reaching Phobos and Deimos, and discusses the potential value of a base on one of the 
martian moons for conducting tele-robotic Mars surface exploration. He also indicates seeing promise in 
affordable nano-satellite missions as precursor missions to Phobos and Deimos. 
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6. Asaph Hall Memorabilia Display 
 
The First International Conference on the Exploration of Phobos and Deimos featured an Asaph Hall 
Memorabilia Display in honor of American astronomer Asaph Hall who discovered the two moons of Mars 
from the United States Naval Observatory (USNO) on 17 August 1877 (Figs. 14 and 15). The exhibit was 
co-sponsored by the Mars Institute and NASA, and curated and hosted by Steven J. Dick, NASA Chief 
Historian. The display gathered a collection of unique historical documents relating to the life and 
achievements of Asaph Hall, and the discovery of Phobos and Deimos. 

The technical sessions of the Conference were kicked off with a keynote talk by Steven J. Dick 
who spoke about “The Discovery and Exploration of Phobos and Deimos”. He provided a detailed 
historical review of the circumstances of the discovery of Mars’s moons by American astronomer Asaph 
Hall (Figs. 15 and 16), and of their exploration by NASA and other efforts to date (Dick 2007). 
 
 
7. “Destination: Mars” Space Art Exhibition 
 
The First International Conference on the Exploration of Phobos and Deimos included a space art 
exhibition on the theme of Mars, Phobos, and Deimos exploration, titled “Destination: Mars” (Fig. 16). The 
exhibit was an initiative of the Mars Institute and was co-sponsored by the International Association of 
Astronomical Artists (IAAA), the Mars Institute, and NASA. The exhibition was co-hosted by planetary 
scientist and space artist William K. Hartmann (Planetary Science Institute), and by space artist Walter 
Myers who also designed the Conference’s title banner (Title Figure). The exhibit featured artwork by 14 
IAAA artists: Joe Bergeron, Richard Bizley, Sean Brady, Michael Carroll, Robin Hart, William K. 
Hartmann, Garry L. Harwood, Frank Hettick, Steven Hobbs, B. E. Johnson, Julie Jones, Gavin Mundy, 
Walter Myers, and Pat Rawlings (Fig. 17).  “Destination: Mars” was open to the public and received an 
estimated 250 visitors over the course of two days. Appendix C reproduces the exhibition’s art catalog. 
 
 
8. Conclusion and Recommendations 
 
8.1 Conclusion 
 
The First International Conference on the Exploration of Phobos and Deimos allowed a timely review of 
outstanding scientific issues regarding the two moons of Mars, collaborative exchanges on ongoing 
robotic mission development efforts, and forward-looking discussions on the prospect of future human 
exploration missions. 

Phobos and Deimos present us with both a challenge and an opportunity. The challenge lies in 
the fact that their nature and origin are still vexing mysteries. They are the only two bodies in the inner 
solar system still presenting us with such fundamental unknowns. Although observed by robotic 
spacecraft several times over the past four decades, the number of basic questions associated with the 
moons of Mars has increased over time, not decreased. The modest size and diminutive status of these 
satellites are misleading, as Phobos and Deimos are unique places in the solar system where an 
astonishing number of major problems encountered in planetary science come to a head. Their origin and 
orbital evolution relate simultaneously to the complex issues of planetary formation, early extended 
atmospheres, aero-capture dynamics, ring formation and evolution, orbital dynamics and resonances, 
tidal evolution and disruption, and impacts. Their spectral properties challenge our efforts to understand 
their composition and potential affiliation with known classes of primitive asteroids, comets, or Mars. The 
lateral color and albedo variations on Phobos confront us with the common and confounding 
phenomenon of “space weathering”, but also with the possibility of ubiquitous interplanetary dust 
accretion on both moons. Their implausibly large impact craters raise questions about their internal 
structure and strength, and have only begun to make sense in light of recent advances in our 
understanding of the often counter-intuitive process of impact cratering, particularly on small bodies. The 
crater chains and groove system on Phobos are a puzzle, both figuratively and literally, with uncertain 
connections to Phobos’s initial formation, collisional history, tidal evolution, and/or volatile content. The 
potential of Phobos and Deimos as repositories of martian meteoritic materials is an intriguing possibility  
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suggested in part by the recognition that we have Martian meteorites on Earth, but dynamical calculations 
presented at this Conference by Gladman (2007) suggest that Martian impact ejecta cannot be present in 
significant absolute amounts, and in any case, are likely secondary to asteroidal dust as an accreted 
component in the regoliths of Phobos and Deimos. 

In a true sense, the moons of Mars represent an epitome of solar system challenges. To explore 
these objects means addressing simultaneously several central issues in planetary science. Therein lies 
the very unique opportunity that Phobos and Deimos present. Their exploration is about far more than the 
study of two obscure secondary bodies, but instead, that of two mysterious worlds with possibly very 
complex histories and exciting potentials in the future. Phobos and Deimos merit focus and priority. 

 
 
8.2 Recommendations 

 
The following recommendations from the First International Conference on the Exploration of 

Phobos and Deimos summarize the wide range of input received or shared during the Conference 
concerning future next steps. The recommendations listed below, titled with a keyword, are based 
principally on the findings of the synthesis session (see Synthesis section above), which represented the 
unanimous view of attendees, with additional important input provided to the author through individual 
technical contributions and open communication which may or may not represent a unanimous opinion. A 
summary of these recommendations was presented by the author to NASA HQ SMD on 10 April 2008. 

 
a) Priority 

The scientific exploration of Phobos and Deimos should be made an explicit scientific priority in 
the exploration of Small Bodies and Mars given the important solar system science goals they 
allow us to address. 
 

b) Origin 
Determining the origin of Phobos and Deimos should be considered the highest priority in the 
scientific exploration of these bodies. 
 

c) Cloak 
Because Phobos and Deimos may have accreted asteroidal dust over time (more than Martian 
meteoritic ejecta), and their regolith materials may be impact-shocked and heavily irradiated 
following time spent in dust belts, investigations of their surface spectral properties may not allow 
reliable determinations of their true nature and origin. In situ surface investigations and future 
sample return efforts should focus on impact ejecta blocks on Phobos and Deimos, because 
these boulders are likely derived from the interiors of the moons and offer the best prospect and 
most reliable strategy for obtaining the bulk composition of Phobos and Deimos from 
compositional studies of surface materials. 
 

d) H2O 
While no H2O has been reliably detected on either Phobos or Deimos, their possible origin as 
primitive (C, D or P-type) asteroids from the outer regions of the main belt (some of which may be 
comet nuclei), and their very low bulk density (and implied high porosity), mean that an H2O-rich 
deeper interior remains a possibility. The measurement of the potential H2O content of Phobos 
and Deimos should be considered a high priority investigation given its scientific importance and 
potential impact on the development of future human Mars exploration architectures. More refined 
density measurements (in particular via improved volume determinations), subsurface radar 
sounding, and penetrator missions are among proposed approaches to address subsurface H2O 
content. More modeling of subsurface H2O sublimation and loss through time could also help. 
 

e) Craters and Grooves 
The distribution and morphology of craters (including crater chains) and grooves on Phobos 
should be reexamined in detail in light of recent, more refined DTMs, to better understand the 
origin of the moon’s surface features and their potential connection with its subsurface structure. 

 
| 
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f) Ejecta Emplacement 
The emplacement of impact ejecta on Phobos and Deimos should be modeled in detail to help 
interpret material distribution and observed lateral variations in surface textures. 

 
g) Dust Belts 

Efforts to detect and observe gossamer dust belts associated with the orbits of Phobos and 
Deimos should be continued given their consistent prediction by modeling and their potential 
impact on future exploration operations, manned and unmanned, near Mars. 

 
h) Radiation 

Space radiation measurements should be made over a range of energies and through time at the 
surface of both Phobos and Deimos to understand their radiation environments well enough for 
planning future human Mars exploration missions. 

 
i) Phobos-Grunt 

NASA should consider supporting a Participating Scientist program in the context and opportunity 
presented by Russia’s Phobos-Grunt mission. 

 
j) NASA Missions 

NASA should consider identifying explicitly programmatic homes for Phobos and/or Deimos 
exploration (payloads or missions) within its Discovery, Mars Scout, and New Frontiers Programs. 

 
k) Anchors & Drills 

To help detect and characterize possible subsurface H2O inside NEOs, Phobos and/or Deimos, 
techniques to anchor on small bodies and drill into their interior should continue to be developed. 

 
l) Sample Return 

Phobos and/or Deimos sample return should precede direct Mars sample return to help reduce 
the risk and spread the cost of MSR, while still addressing high priority solar system science. 

 
m) Meeting Outreach 

The inclusion of public exhibits on astronomy history and space art as part of the First 
International Conference on the Exploration of Phobos and Deimos generated considerable 
interest and was deemed a success. Such public outreach events should be considered again in 
the organization of future conferences and workshops 

 
n) Future Meetings 

Holding further conferences or workshops on the science, robotic reconnaissance, and human 
exploration of Phobos and Deimos is recommended, particularly as spacecraft currently in orbit 
about Mars and more that are due to arrive, acquire new data on the martian satellites. 
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Abbreviations and Acronyms 
 
APL  Applied Physics Laboratory 
APO  Advanced Projects Office 
APXS  Alpha Particle X-ray Spectrometer 
ARC  Ames Research Center 
CRISM  Compact Reconnaissance Imaging Spectrometer for Mars 
CSA  Canadian Space Agency 
CxP  Constellation Program 
DSR  Deimos Sample Return 
DTM  Digital Terrain Model 
ESA  European Space Agency 
ESMD  Exploration Systems Mission Directorate 
EVA  Extravehicular Activity 
GCR  Galactic Cosmic Rays 
GRC  Glenn Research Center 
HQ  Headquarters 
IAAA  International Association of Astronomical Artists 
IKI  Institute for Space Research (Russia) 
ISRU  In Situ Resource Utilization 
JAXA  Japan Aerospace Exploration Agency 
JHU  Johns Hopkins University 
JPL  Jet Propulsion Laboratory 
JSC  Johnson Space Center 
LIFE  Living Interplanetary Flight Experiment 
LMO  Low Mars Orbit 
LPSC  Lunar and Planetary Science Conference 
MARSIS Mars Advanced Radar for Subsurface and Ionospheric Sounding 
MEPAG Mars Exploration Program Analysis Group 
MER  Mars Exploration Rover 
MGS  Mars Global Surveyor 
MI  Mars Institute 
MIMOS  Miniaturized Mossbauer Spectrometer 
M-PADS Mars Phobos And Deimos Survey 
MRO  Mars Reconnaissance Orbiter 
MSEMS Microfabricated Scanning Electron Microscope and x-ray Spectrometer 
MSL  Mars Science Laboratory 
MSR  Mars Sample Return 
NASA  National Aeronautics and Space Administration 
NEA  Near-Earth Asteroid 
NEAR  Near-Earth Asteroid Rendezvous 
NEO  Near-Earth Object 
NRP  NASA Research Park 
PIDDP  Planetary Instrument Design and Development Program 
PRIME  Phobos Reconnaissance and International Mars Exploration 
RBS  Rutherford Backscattering 
SAIC  Space Applications International Corporation 
SEM  Scanning Electron Microscope 
SETI  Search for Extraterrestrial Intelligence 
SMD  Science Mission Directorate 
SPE  Solar Particle Event 
SRM  Sample Return Mission 
TPS  The Planetary Society 
USNO  United States Naval Observatory 
XRD  X-Ray Diffraction 
XRF  X-ray Fluorescence 
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Figures 
 

 
Figure 1: Diagram of Mars and its satellite system viewed from above Mars’s North pole. The 
orbital distances of Phobos and Deimos, are shown to scale. (MI / P.Lee). 
 
 

 
Figure 2: Orbital distance of Phobos to scale. (MI / P.Lee / HST image: NASA / STI). 
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Figure 3: Phobos and Deimos to scale. (NASA / Viking Orbiter). 
 
 

 
Figure 4: MRO CRISM color composite images of Phobos (top) and Deimos, acquired on 23 
Oct and 7 Jun 2007, respectively. The Deimos data are the first spectral measurements to 
resolve Deimos’s disk. (NASA / JPL / JHU-APL). 
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 A 

 B 
Figure 5: Phobos imaged on 22 Aug 2004 by the HRSC on ESA’s Mars Express. Spatial 
resolution: 7 m/pxl. A: “True” color; B: Stereo. (ESA / DLR / FU Berlin / G.Neukum). 
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Figure 6: Stickney Crater on Phobos imaged by Mars Global Surveyor. (NASA / JPL / MSSS) 
 
 
 
 
 
 
 

 
Figure 7: Photomosaic map of Phobos constructed from NASA Viking Orbiter imaging data. The 
pattern of grooves is related to body axes, not radial to Stickney (Thomas 2007). (Cornell U. / P. 
Thomas). 
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Figure 8: Cratering on Phobos follows saturation (Hartmann 2007). 
 
 
 
 
 
 
 

 
Figure 9: Grooves and crater chains on Phobos. Hartmann (2007) suggests raised rims might 
be due to eruptions of volatile-rich subsurface materials. (NASA / Viking Orbiter). 
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Figure 10: Deimos and its smooth surface. (NASA / Viking Orbiter). 
 
 
 
 
 
 
 

 
Figure 11: Photomosaic of NASA Viking Orbiter images showing details of Deimos’s surface. 
Note the substantial infilling of craters. Many craters appear as just rims. (NASA / Viking 
Orbiter). 
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Figure 12: The Phobos-Grunt spacecraft. The dome-shaped element at the top of the spacecraft 
is the Phobos Earth Return Descent Module (or capsule) housing the LIFE experiment. (The 
Planetary Society). 
 
 
 

 
Figure 13: NASA CEV spacecraft on a human mission to a NEO. Asteroid Itokawa is shown. 
(NASA / JAXA/ MI / P.Lee). 



First Int’l Conf. on the Exploration of Phobos & Deimos                                                                  Lee 2009 

© Mars Institute                                                                                                                                           23 

 
Figure 14: Asaph Hall, discoverer of Phobos and Deimos. (U.S. Naval Observatory).  
 
 
 

 
Figure 15: Asaph Hall’s observation book with the record of Phobos and Deimos’s discovery on 
17 August 1877. (U.S. Naval Observatory / NASA) 
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Figure 16: The “Destination: Mars” space art exhibition at the NASA Ames Conference Center, the venue 
of the First International Conference on the Exploration of Phobos and Deimos. The exhibition was co-
sponsored by the International Association of Astronomical Artists (IAAA), the Mars Institute, and NASA 
Ames Research Center. (MI / M. West). 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 15: “The Island”, an oil painting by Pat Rawlings, depicts the human exploration of 
Phobos. The painting was among the artwork exposed in the “Destination: Mars” space art 
exhibition. (Pat Rawlings). 
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Tables 
 
 
 Table 1: Physical and Geologic Characteristics of Phobos and Deimos. 

 Phobos Deimos 

Radii (Irregular-shaped) 13.5 x 10.8 x 9.4 km 7.5 x 6.1 x 5.5 km 

Mass ~13.0 1015 kg ~1.9 x 1015 kg 

Volume 5766 km3 1017 km3 

Mean density ~1.86+/-0.06 g.cm-3 ~1.54+/-0.22 g.cm-3 

Composition Rock (but porous) Rock (but porous) 

Geometric albedo 0.06 0.07 

Surface gravity (range due to shape) 0.32 - 0.64 cm.s-2 0.20 – 0.27 cm.s-2 

Escape velocity 3 - 16 m.s-1 4 – 7.5 m.s-1 

Orbital semi-major axis 9378 km 23460 km 

Orbital eccentricity 0.015 0.0005 

Orbital inclination 1.02o 1.82o 

Orbital period 7 hr 39 min 
Slowly spiraling inward 

30 hr 18 min 
Slowly spiraling outward 

Rotation (spin) period 7 hr 39 min 
Synchronous rotation 

30 hr 18 min 
Synchronous rotation 

Impact craters Heavily cratered. Normal 
depth/diameter ratios. 

Substantial infilling. 
Many just rims. 

Largest crater 0.85 Rm 1.4 Rm 

Regolith downslope transport Local Global 

Grooves presence and dimensions Yes 
10 km x 0.1 km x 0.01 km 

No 
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 Appendix A: Conference Conveners and Organizers 
 
The Conveners of the First International Conference on the Exploration of Phobos and Deimos: The 
Science, Robotic Reconnaissance, and Human Exploration of the Two Moons of Mars were: 

Pascal Lee (Mars Institute, SETI Institute, and NASA Ames Research Center), 
David Beaty (NASA Mars Program Office), 
Alain Berinstain (Canadian Space Agency), 
Marcello Coradini, (European Space Agency), 
Christopher P. McKay (NASA Ames Research Center), 
Yvonne Pendleton (NASA Headquarters), 
Joseph Veverka (Cornell University), and 
Alexander Zakharov (Space Research Institute, Russian Academy of Sciences). 

 
The Conference’s Technical Organizing Committee comprised: 

Pascal Lee (Chair) (Mars Institute, SETI Institute, and NASA Ames Research Center) 
Dale Cruikshank (Co-Chair) (NASA Ames Research Center) 
Brian Glass (NASA Ames Research Center), 
Don Pettit (NASA Johnson Space Center). 

 
The Technical Organizing Committee for the Science Session comprised: 

Peter C. Thomas (Chair) (Cornell University) 
Jean-Pierre Bibring (Co-Chair) (Institut d’Astrophysique Spatiale) 
Erik Asphaug (University of California, Santa Cruz) 
Bruce Betts (The Planetary Society) 
Joseph A. Burns (Cornell University) 
Jeff Cuzzi (NASA Ames Research Center) 
Brett Gladman (University of British Columbia) 
Penelope King (University of New Mexico) 
Andrew Rivkin (Applied Physics Laboratory, Johns Hopkins University) 
Seiji Sugita (University of Tokyo). 

 
The Technical Organizing Committee for the Robotic Reconnaissance Session comprised: 

Alexander Zakharov (Chair) (Space Research Institute) 
Robert Richards (Co-Chair) (Optech) 
Andrew J. Ball (Open University) 
Christopher Dreyer (Colorado School of mines) 
Lou Friedman (The Planetary Society) 
Alan Hildebrand (University of Calgary) 
Butler Hine (NASA Ames Research Center) 
Greg Mungas (Jet Propulsion Laboratory) 
Carle Pieters (Brown University) 
Konrad Sauer (Max Planck Institut fur Extraterrestrische Physik) 

 
The Technical Organizing Committee for the Human Exploration Session comprised: 

Pascal Lee (Chair) (Mars Institute, SETI Institute, and NASA Ames Research Center) 
Stephen J. Hoffman (Co-Chair) (SAIC and NASA Johnson Space Center) 
Buzz Aldrin (Sharespace) 
William K. Hartmann (Planetary Science Institute) 
Ed Hodgson (Hamilton Sundstrand) 
Jeffrey A. Jones (NASA Johnson Space Center) 
Geoffrey Landis (NASA Glenn Research Center) 
Larry Lemke (NASA Ames Research Center) 
Fred Singer (Science and Environmental Policy Project) 
Dennis Wingo (SkyCorp, Inc.) 

 
 



First Int’l Conf. on the Exploration of Phobos & Deimos                                                                  Lee 2009 

© Mars Institute                                                                                                                                           31 

The Technical Organizing Committee for the Student Program comprised: 
 Nicholas Wilkinson (Chair) (Mars Institute - Canada) 
 Michael West (Co-Chair) (Mars Institute - Australia) 
 
The Asaph Hall Exhibit was organized by: 
 Steven J. Dick (Chair) (NASA Headquarters) 
 Pascal Lee (Co-Chair) (Mars Institute, SETI Institute, and NASA Ames Research Center) 
 
The “Destination: Mars” Space Art Exhibition Committee comprised: 
 William K. Hartmann (Chair) (Planetary Science Institute and IAAA) 
 Walter Myers (Co-Chair) (IAAA) 
 Bettina Forget (IAAA) 

Julie Jones (IAAA) 
 Pascal Lee (Mars Institute, SETI Institute, and NASA Ames Research Center) 
 Kara Szathmary (IAAA) 
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Appendix B: Conference Program 
 
This appendix reproduces the program of the First International Conference on the Exploration of Phobos 
and Deimos published by the Lunar and Planetary Institute.
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Appendix C: “Destination: Mars” Space Art Exhibition Catalog 
 
This appendix reproduces the Art Catalog of “Destination: Mars”, an exhibition of Mars themed space art 
created by artists of the International Association of Astronomical Artists (IAAA), presented at the First 
International Conference on the Exploration of Phobos and Deimos. The original Art Catalog is copyright 
of the IAAA. The individual artists listed in the catalog hold the copyright to the respective artwork 
presented. 
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