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Introduction: The exploration of planets in our solar 
system has progressed in a rough sequence, from ob-
servations from Earth, to observations from fly-by, 
orbital, in-situ landed instruments, to sample return 
missions, with sample return being prominent for the 
Apollo Program and for STARDUST. Each new class 
of missions improved on the previous class and dis-
pelled some of the uncertainty, inferences and myths 
of the prior observations. For several destinations sam-
ple return missions should be the next step, even 
though complexity and cost may require fewer mis-
sions.  
Need for returned samples: Some analyses cannot be 
done in-situ, with the chronology of rocks being one 
key example. Dating of samples requires detailed 
chemistry and mineralogy as well as the analysis of 
minerals and mineral separates. Analyses to microme-
ter to nanometer scales are needed. Furthermore, be-
cause the radiogenic isotope effects for long-lived par-
ent-daughter systems are small, high precision mass 
spectrometry is needed. For current state-of-the-art 
instruments in our labs, the precision is better than 10 
ppm for isotope ratios, and the resulting precision in 
ages is better than 10 Ma. Measurements require 
analyses in terrestrial laboratories and with a sequence 
of sophisticated, state-of-the-art instrumentation. For 
chronology, it is also important to apply multiple tech-
niques (long-lived parent-daughter systems: K-Ar, Rb-
Sr, Sm-Nd, Lu-Hf, U-Th-Pb) to establish the degree of 
age concordancy, since different parent-daughter sys-
tems can be differentially modified by secondary proc-
esses. Analysis of returned samples is essential for 
providing the ground truth for the interpretation of 
orbital and in situ data (see next Section).  
The Apollo Samples: For Apollo, the return of sam-
ples resulted in a complete change of our understand-
ing. For example, once Apollo samples were analyzed 
on Earth, the spectroscopy of the lunar surface was 
extensively recalibrated to take into account the pres-
ence of glass, agglutinates, and nanophase, reduced Fe, 
from reaction with solar wind hydrogen. The forma-
tion of an anorthositic crust on the Moon was sug-
gested by Surveyor, in situ, alpha back-scattering 
measurements, inferred from the presence of anortho-
sitic rocklets in the Apollo 11 returned samples, and 
greatly amplified by suites of anorthosite samples from 
subsequent Apollo missions. All crater chronology and 
inferred lunar evolution underwent a paradigm shift: 
the lunar surface was neither dead for the 4.6 Ga age 
of the solar system nor extremely young. The crater 

chronology for the Moon and inner solar system was 
drastically modified to reflect the apparent preponder-
ance of ages for impact melts of 3.9-4.0 Ga and the 
observation that radiogenic Pb produced between 4.5 
and 4.0 Ga was remobilized over the whole surface of 
the Moon at 3.9-4.0 Ga ago. These observations led to 
the Terminal Lunar Cataclysm hypothesis [1]. Such a 
late spike in the impact rate on the Moon has not been 
simple to explain. The current theory, the Nice model 
[2] allows for such a late intense bombardment of the 
inner solar system based on the sudden realignment of 
the orbits of the giant planets. If the impactors hurled 
into the inner solar system originated in the Kuiper 
Belt, the time scale for these impactors would span 
~35 Ma; if the impactors originated in the asteroid belt, 
the time span would be ~150 Ma.  
The MoonRise Mission: The post-Apollo, recognition 
of the South Pole-Aitken basin as the oldest basin on 
the Moon, with a distinct chemical signature, provides 
a mechanism to confirm the hypothesis of the TLC and 
of the Nice model as its mechanism. The proposed 
South Pole-Aitken Sample Return Mission, currently 
in a Phase A Concept study and competition, in the 
New Frontiers Program, plans to address this solar 
system-wide evolution model. Hence, we consider this 
mission capable of providing a paradigm shift in our 
understanding of the evolution of our solar system. 
This consideration defines this mission as a New Fron-
tiers mission and is the reason why the last Decadal 
Survey rated such a mission to be of high priority [3]. 
The proposed mission would land in the interior of the 
South Pole-Aitken basin and would collect thousands 
of small rocks, in the size range 3 to 20 mm, and return 
them to Earth for analyses in state-of-the-art laborato-
ries, by multiple analytical techniques. The large num-
ber of returned rocklets would address the diversity of 
samples at any landing site within the basin and the 
possible influence of younger impacts within the SPA 
basin. The prime goal of the proposed mission is dat-
ing the formation of the SPA basin and either confirm-
ing or rejecting the TLC hypothesis and the Nice 
model. This mission is a prime example of the case 
where a sample return mission can address solar sys-
tem-wide evolution mechanisms and hypotheses. It 
also marks the importance of returned samples in ad-
dressing key scientific questions about our solar sys-
tem.  
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