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Introduction: The 2011 Visions & Voyages 

Planeary Science Decadal Survey identified making sig-

nificant progress toward the return of samples from 

Mars as the highest priority goal for flagship missions 

in next decade[1]. Numerous scientific objectives have 

been identified that could be advanced through the po-

tential return and analysis of martian rock, regolith, and 

atmospheric samples [2,3]. The analysis of returned 

martian samples would be particularly valuable in in-

creasing our understanding of Early Mars. 

There are many outstanding gaps in our knowledge 

about Early Mars in areas such as potential astrobiology, 

geochronology, planetary evolution (including the age, 

context, and processes of accretion, differentiation, 

magmatic, and magnetic history), the history of water at 

the martian surface, and the origin and evolution of the 

martian atmosphere. Here we will discuss scientific ob-

jectives that could be significantly advanced by Mars 

sample return. 

Early Mars Scientific Objectives: There are sev-

eral broad categories of study related to early Mars that 

could significantly benefit from the return and analysis 

of martian samples. For the purposes of this discussion, 

we have identified four such categories: 

1. Astrobiology/signs of ancient life: 

 The question of whether life arose on Mars billions 

of years ago and for how long it persisted (or may still 

persist) has long been a driving factor in Mars explora-

tion. Our current understanding of Mars and its history 

suggest that the planet was habitable for at least part of 

its history and parts of it may remain habitable today.  

The questions of whether the conditions were right for 

the emergence of life, and whether such emergence oc-

curred, remain open. Several habitats on Mars are high-

value targets including paleolacustrine sediments (espe-

cially those of Noachian age), hydrothermal deposits 

(sinters) and serpentinites. The investigation of samples 

from these types of habitats would significantly advance 

our understanding of both the history of water on Mars 

and its capability of supporting the emergence of life. 

 To develop a strategy for detection of Martian life, 

one must first identify a set of robust criteria for life de-

tection that form a testable hypothesis. The simplest 

form of extraterrestrial life detection, with minimal as-

sumptions on the nature of the organism or a potential 

“alien biochemistry” to be detected, is to understand the 

possible abiotic organic chemical reactions given the 

context of the samples, and to look for perturbations to 

that physiochemical system. Life assists in the detection 

process in that it is competition-driven to select a rela-

tively small number of the many known organic chemi-

cals produced by abiotic processes. Therefore, anoma-

lous deviations from predicted abiological yields of or-

ganic chemicals under given conditions may be the eas-

iest life detection protocol. The assumptions are mini-

mal; life is carbon-based and it chooses only a subset of 

possible abiotic chemicals available. Therefore, know-

ing the abiotic reactions that are possible in a certain 

context provides a baseline value that can be compared 

to observations of natural Martian systems. If any anom-

alous concentrations of organics are observed, this 

anomaly may be a ‘biosignature’ [4]. 

The analysis of returned samples would allow for 

detailed replicate examination of abiotic and potentially 

biotic hypotheses for the origin of potential biosigna-

tures, in an iterative fashion, ranging from microbial 

fossils and textures to possible biomolecules to isotopic 

and other geochemical signatures. The return of martian 

samples to Earth would allow for a much more compre-

hensive suite of analyses and at finer spatial scales than 

is possible through robotic in situ measurements, thus 

greatly enhancing our understanding of the the proba-

bility of determining whether life ever existed on Mars. 

2. Constraining martian geochronology: 

There are currently major sources of uncertainty in 

the absolute ages of different terrain units on Mars in-

troduced by the use of crater size-frequency distribution 

models. Developing an accurate chronology requires 

determining absolute ages of crystallization or impact 

metamorphism of geological units with known crater 

frequencies. The precision of absolute age dating 

tehcniques that can currently be used in situ is limited 

and is insufficient to accurately calibrate crater counts. 

3. Planetary evolution (accretion, differentiation, 

magmatic and magnetic history): 

Most of what we know about the accretion and early 

differentiation of Mars comes from Martian meteorites. 

However, Martian meteorites provide coverage of lim-

ited periods of Martian history, are of unknown prove-

nance, and have unknown original orientations on the 
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Martian surface. Apart from the 4.4 Ga NWA 7034 reg-

olith breccia and the 4.1 Ga ALH 84001 orthopyroxe-

nite, the other martian meteorites are either ~2.4 Ga, 

~1.3 Ga or <0.6 Ga, such that igneous rocks from the 

Hesperian, reflecting an important phase of volcanic re-

surfacing of Mars, are missing from the collection. Ig-

neous samples that span the Noachian-Hesperian 

boundary will assist in constraining the early global dif-

ferentiation of Mars and the long-term history of silicate 

differentiation and magmatism, planetary heat loss, and 

the martian core dynamo.  

Paleomagnetic studies of Martian meteorites have 

two major limitations: (a) the lack of ancient samples 

and (b) the meteorites’ unknown orientations at the time 

they were magnetized. With respect to (a), the discover-

ies of magnetization in the Martian crust by the Mars 

Global Surveyor and in the ~4.16 billion year old mete-

orite ALH 84001 provide evidence for a dynamo active 

in at least the Early Noachian epoch [5,6]. However, it 

is unclear when the dynamo ended. Some studies sug-

gest the end of the dynamo in the Early Noachian (~4.0-

4.1 Ga) [7], while others suggest that it lasted into the 

Hesperian [8]. It has even been proposed that the dy-

namo originated only after 4.0 Ga [9]. The main obsta-

cle to the resolution of this issue is that only a single 

Martian meteorite older than 1.3 Ga (ALH 84001) was 

successfully paleomagnetically analyzed [6]. Paleo-

magnetic measurements of a suite of returned samples 

spanning the Noachian to Hesperian would likely estab-

lish the lifetime of the dynamo.  

With respect to (b), oriented, stratigraphically bound 

sample suites from known geologic locations could be 

used to characterize the temporal behavior of any dy-

namo to test the hypothesis that early Mars experienced 

plate tectonics and/or true polar wander. 

4. Martian atmosphere (origin and evolution): The 

Martian atmosphere is expected to have been lost over 

time, so records of the isotopic compositions and/or par-

tial pressures of its key components could be recovered 

from the analysis of returned samples. Particularly in-

teresting are carbonate minerals, hydrated minerals, and 

other weathering products, especially phases that are 

amenable to radiometric age determination. There is 

also the possibility of analyzing atmospheric gasses, 

which have been trapped in impact melt or other inclu-

sions. For example, the heavy isotopic compositions of 

H, Ar, and other species in the present-day relative to 

ancient reservoirs indicate that a substantial fraction of 

the atmosphere has been lost through time [10]. The loss 

of the atmosphere was likely caused by a combination 

of hydrodynamic escape, erosion by impacts, and possi-

bly severe sputtering and pickup by the solar wind mag-

netic and electric fields following the death of an early 

dynamo [11] (see above). 

In addition to studying the current Martian atmos-

phere and ancient trapped gasses in Martian sedimen-

tary, igneous, and impact samples, there is considerable 

knowledge to be gained by examining the compositions 

of sedimentary rocks, regoliths, and secondary minerals 

that are especially sensitive to climatic influences such 

as obliquity-driven changes. For example, results from 

NASA’s Curiosity Mars rover indicate that it is possible 

to obtain high resolution chemostratigraphic climate 

records from rhythmically bedded sedimentary rocks 

using in situ measurements – a capability that Mars 

2020 is also expected to have (e.g., with SuperCam and 

PIXL). Analysis of selected returned samples from such 

in situ records would be extremely important in con-

firming and fully understanding such records. As an-

other example, understanding the relationship between 

sedimentary rock, regolith and secondary mineral com-

positions and the contemporaneous atmosphere would 

also greatly expand our understanding of paleoclimatic 

conditions on Mars by revealing how the sedimentary 

record responds to such changes. Finally, there is grow-

ing capability of applying a variety of radiometric tech-

niques to dating of the time of sedimentation. Obtaining 

such dates from climate-sensitive sedimentary se-

quences would greatly help to constrain the timescales 

of past climate changes. 
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