Summary and Highlights of the NRC 2007 Report:

The Scientific Context for the Exploration of the Moon (SCEM)

Supported by:

Carle M. Pieters (Brown University, SCEM Co-Chair)

Carlton Allen (NASA JSC)

Mahesh Anand (The Open University, UK)

W. Bruce Banerdt (JPL, SCEM Committee Member)

William Bottke (Southwest Research Institute)

Barbara Cohen (NASA Marshall; SCEM Com. Member)

Ian A. Crawford (Birkbeck College London, UK)

Andrew Daga (Univ. of North Dakota)

[image: image1.jpg]ull

>
4 “
t Record
AN




Rick Elphic (NASA Ames)

Bernard Foing (ESA)

Lisa R. Gaddis (USGS Flagstaff)
James B. Garvin (NASA Goddard)

Timothy L. Grove (MIT)

B. Ray Hawke (Univ. of Hawaii)

Jennifer Heldmann (NASA Ames)

Dana M. Hurley (JHU-APL)

Brad Jolliff (Washington University)

Christian Koeberl (Univ. of Vienna, Austria)

Clive Neal (Univ. of Notre Dame)

Brian J. O’Brien (Univ. Western Australia)

Anne Peslier (NASA JSC)

Noah Petro (NASA Goddard)

Jeffery Plescia (JHU-APL)

Amalie Sinclair (Space for Progress)

Timothy J. Stubbs (Univ. of Maryland)

Ross Taylor (Australian National University)

Stefanie Tompkins (SCEM Committee Member)
Allan H. Treiman (Lunar and Planetary Institute)

Elizabeth Turtle (JHU-APL)

Mark Wieczorek (Institut de Physique du Globe de Paris)

Lionel Wilson (Lancaster University, UK)

Aileen Yingst (Univ. of Wisconsin)

The National Research Council’s report on The Scientific Context for the Exploration of the Moon (SCEM) identified a set of science goals and priorities for lunar science.  (These science priorities formed the basis of the scientific priorities reflected in the Lunar Exploration Analysis Group’s Lunar Exploration Roadmap). These goals remain fundamentally relevant to our understanding of the solar system and are important for both human and robotic exploration, regardless of the timing and sequence of implementation.  

The Moon has witnessed and recorded 4.5 billion years (Ga) of solar system history, and is the most accessible planetary body from which to read this history and decipher the histories of more complex worlds.  Because of the limitations of current data, researchers cannot be sure that they have read these histories correctly.  However, thanks to the legacy of the Apollo program and subsequent missions, such as Clementine, Lunar Prospector, KAGUYA, Chandrayaan-1, Lunar Reconnaissance Orbiter and LCROSS, scientists can pose sophisticated questions that are more relevant and focused than those that could be asked over three decades ago. 

The SCEM was written by a diverse group of planetary scientists who took the opportunity to examine and evaluate what the Moon had to uniquely offer to planetary science overall, including comparative planetology and feed forward activities. It became readily apparent that lunar science underpins many fundamental areas of planetary science covered by the Decadal Survey. The SCEM committee identified four overarching themes of lunar science: early Earth-Moon system, terrestrial planet differentiation and evolution, solar system impact record, and lunar environment. There are eight science concepts that address broad areas of scientific research. Each is linked to different aspects of the four overarching themes. Within the 8 science concepts, are 35 specific science goals, 11 of which were identified as having the highest priority based on an evaluation of scientific merit, opportunity, and technological readiness.  These concepts and goals, summarized below, provide a framework from which to consider the Decadal Survey’s consideration of the science and mission strategy for planetary science between 2013 and 2022.

Prioritized SCEM Science Concepts and Goals (italicized goals are highest priority)

Concept 1: The bombardment history of the inner solar system is uniquely revealed on the Moon

Goals:

1a—Test the cataclysm hypothesis by determining the spacing in time of the creation of lunar basins.

1b—Anchor the early Earth-Moon impact flux curve by determining the age of the oldest lunar basin (South Pole-Aitken Basin).

1c—Establish a precise absolute chronology.

1d—Assess the recent impact flux.

1e—Study the role of secondary impact craters on crater counts.

Concept 2: The structure and composition of the lunar interior provide fundamental information on the evolution of a differentiated planetary body.

Goals:

2a—Determine the thickness of the lunar crust (upper and lower) and characterize its lateral variability on regional and global scales.

2b—Characterize the chemical/physical stratification in the mantle, particularly the nature of the putative 500-km discontinuity and the composition of the lower mantle.

2c—Determine the size, composition, and state (solid/liquid) of the core of the Moon.

2d—Characterize the thermal state of the interior and elucidate the workings of the planetary heat engine.

Concept 3: Key planetary processes are manifested in the diversity of lunar crustal rocks.

Goals:

3a—Determine the extent and composition of the primary feldspathic crust, KREEP layer, and other products of planetary differentiation.

3b—Inventory the variety, age, distribution, and origin of lunar rock types.

3c—Determine the composition of the lower crust and bulk Moon.

3d—Quantify the local and regional complexity of the current lunar crust.

3e—Determine the vertical extent and structure of the megaregolith.

Concept 4: The lunar poles are special environments that may bear witness to the volatile flux over the latter part of solar system history.

Goals:

4a—Determine the compositional state (elemental, isotopic, mineralogic) and compositional distribution (lateral and depth) of the volatile component in lunar polar regions.

4b—Determine the source(s) for lunar polar volatiles.

4c—Understand the transport, retention, alteration, and loss processes that operate on volatile materials at permanently shaded lunar regions.

4d—Understand the physical properties of the extremely cold (and possibly volatile rich) polar regolith.

4e—Determine what the cold polar regolith reveals about the ancient solar environment.

Concept 5: Lunar volcanism provides a window into the thermal and compositional evolution of the Moon.

Goals:

5a—Determine the origin and variability of lunar basalts.

5b—Determine the age of the youngest and oldest mare basalts.

5c—Determine the compositional range and extent of lunar pyroclastic deposits.

5d—Determine the flux of lunar volcanism and its evolution through space and time.

Concept 6: The Moon is an accessible laboratory for studying the impact process on planetary scales.

Goals:

6a—Characterize the existence and extent of melt sheet differentiation.

6b—Determine the structure of multi-ring impact basins.

6c—Quantify the effects of planetary characteristics (composition, density, impact velocities) on crater formation and morphology.

6d—Measure the extent of lateral and vertical mixing of local and ejecta material.

Concept 7: The Moon is a natural laboratory for regolith processes and weathering on anhydrous airless bodies.

Goals:

7a—Search for and characterize ancient regolith.

7b—Determine the physical properties of the regolith at diverse locations of expected human activity.

7c—Understand regolith modification processes (including space weathering), particularly deposition of volatile materials.

7d—Separate and study rare materials in the lunar regolith.

Concept 8: Processes involved with the atmosphere and dust environment of the Moon are accessible for scientific study while the environment remains in a pristine state.

Goals:

8a—Determine the global density, composition, and time variability of the fragile lunar atmosphere before it is perturbed by further human activity.

8b—Determine the size, charge, and spatial distribution of electrostatically transported dust grains and assess their likely effects on lunar exploration and lunar-based astronomy.

8c—Use the time-variable release rate of atmospheric species such as 40Ar and radon to learn more about the inner workings of the lunar interior.

8d—Learn how water vapor and other volatiles are released from the lunar surface and migrate to the poles where they are adsorbed in polar cold traps.

SCEM-derived Lunar Science Strategy

The SCEM discussions and deliberations were consolidated into a candidate near-term lunar science strategy. The following, which include the five highest integrated science implementation priorities (unranked) that emerged from committee discussions, could be addressed in the time interval of the Decadal Survey:

A. Utilize information from Apollo and post-Apollo missions or upcoming lunar science missions (U.S. and international) to the fullest extent. This is a low-cost/high-return element of the lunar science program. Should there be failures among the missions now projected (see Chapter 4 of the SCEM report), fill the critical information gaps with a back-up lunar orbiter mission.

B. Conduct a robotic landed mission to explore the lunar polar environment. Determine the nature and source of volatiles within shadowed craters near one of the lunar poles, assess lunar polar atmospheric properties, and emplace a geophysical package that could include seismometer and heat flow experiments.

C. Emplace a geophysical network to include, at a minimum, seismic and heat flow experiments, environmental sensors, and new laser ranging retroreflectors. Such a program should be coordinated with other countries likely to include landed missions in their lunar exploration strategies. The minimum number of landed network sites should be four, more or less equidistantly placed, including at least one farside site (no retroflector required).

D. Conduct two or more robotic sample-return missions:

- The unique nature of the farside South Pole-Aitken (SPA) Basin, the largest and oldest of the lunar basins, makes this region an appropriate first target for a sample-return mission to explore central locations of the SPA Basin (a two-lander scenario was carried out as a New Frontiers concept study in 2005). Proper placement of these landers could examine ancient mare basalt units and melt rocks from basins that formed within the SPA Basin subsequent to the SPA basin-forming event.

- Use technology developed for the SPA Basin sample-return mission to collect samples from the youngest volcanic terrain on the Moon. Many sites that are not likely to be visited soon by astronauts could be accessed with this capability, including missions that could be carried out after humans land on the Moon.

E. Conduct detailed exploration of the lunar crust as exposed in or near a South Polar human lunar outpost. The South Pole is on the periphery of the SPA Basin, so correlation between these two areas of sample studies would be valuable. The human mission should include appropriate field investigations, geophysics, and atmospheric investigations and could follow up on the results of an earlier robotic mission, to a shadowed (possibly volatile-rich) crater.

SCEM FINDINGS AND RECOMMENDATIONS

Among the primary findings and recommendations of the SCEM committee are the following, which also provide context for the Decadal Survey:

Lunar activities apply to broad scientific and exploration concerns.

 The suite of experiments being carried by orbital missions in development will provide essential data for science and for human exploration. NASA should be prepared to recover data lost due to failure of missions or instruments by reflying those missions or instruments where those data are deemed essential for scientific progress.

Strong ties with international programs are essential.

The current level of international activity indicates that almost every space-faring nation is interested in establishing a foothold on the Moon. NASA should explicitly plan and carry out activities with the international community for scientific exploration of the Moon in a coordinated and cooperative manner. 

Exploration of the South Pole-Aitken Basin remains a priority.

NASA should develop plans and options to accomplish the scientific goals set out in

the high-priority recommendation in the National Research Council’s New Frontiers in the Solar System: An Integrated Exploration Strategy (2003) through single or multiple missions that increase understanding of the South Pole-Aitken Basin and by extension all of the terrestrial planets in our solar system (including the timing and character of the late heavy bombardment).

Diversity of lunar samples is required for major advances.

For all missions, robotic or human, to improve the probability of finding new, ejecta-derived diversity among smaller rock fragments, every landed mission that will return to Earth should retrieve at least 1 kg of rock fragments 2 to 6 mm in diameter separated from bulk soil. Each mission should also return 100 to 200 grams of unfractionated regolith.

SCEM “Consensus Statement” (2007):

It is the unanimous consensus of the committee that the Moon offers profound scientific value. The infrastructure provided by sustained human presence can enable remarkable science opportunities if those opportunities are evaluated and designed into the effort from the outset. While the expense of human exploration cannot likely be justified on the basis of science alone, the committee emphasizes that careful attention to the science opportunity is very much in the interest of a stable and sustainable lunar program. In the opinion of the committee, a vigorous near-term robotic exploration program providing global access is central to the next phase of scientific exploration of the Moon and is necessary both to prepare for the efficient utilization of human presence and to maintain scientific momentum as this major national program moves forward. 

SUMMARY

Study of the Moon remains a key aspect of planetary science and the exploration of the solar system.  There are critical questions that remain unanswered with respect to the origin and evolution of the Moon and the Earth-Moon system.  In addition to assessing science questions concerning the Moon as a small differentiated planetary body, understanding processes that have occurred on the Moon provide a framework for understanding the origin and evolution of the other terrestrial planets.  The Moon has also served as a witness post for past and present solar system processes that have affected the Earth.  This is particularly valuable since erosion and plate tectonics have removed virtually all of the record of the early Earth.
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