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Introduction:  NASA-ESA are planning to collect and 

transport from Mars to Earth a set of samples of mar-

tian materials for the purpose of scientific investigation 

[1].  The samples will have been collected by the Per-

severance Rover [2] and consist of a variety of rocks, 

regolith, and atmospheric gas. Samples will be con-

tained within Ti sample tubes, which will be sealed at 

the martian surface with a compression-style cap.  

The rocks sampled thus far by the Perseverance 

Rover comprise magmatic rocks like basalt and olivine 

cumulates that experienced various degrees of second-

ary aqueous alteration, water-laid detrital sedimentary 

rocks that show various levels of induration, and rego-

lith that could contain grains from afar transported to 

the Jezero crater. Additional samples may include hy-

rothermal rocks or impact breccia. Two main consider-

ations weigh on the strategy that should be adopted for 

opening the sample tubes when returned on Earth: 

(1) Important information is contained in the vertical 

stratigraphy and textural characteristics of layers in 

sediments, which can provide important clues for in-

terpreting the depositional setting. For example, in 

terrestrial lakes, vertical gradation in grain size can 

reflect the relative density of depositional and lacus-

trine fluids or gradations in organic matter content can 

reflect seasonal changes in biological productivity. 

Fine laminations can sometimes reflect the presence of 

microbial mats. The method used for opening the tubes 

must imperatively preserve those fine structures. 

(2) Some critical measurements are sensitive to con-

tamination either from the tube, the apparatus used for 

cutting the tubes, or surrounding potential contami-

nants present in the isolator. Organic matter is of par-

ticular concern given the high stakes involved in any 

claim for the presence of any form of biotic or prebi-

otic chemistry on Mars. Inorganic trace element iso-

topes may provide dates on when Mars was habitable, 

and these are also vulnerable to contamination. Mag-

netic contamination should also be minimized during 

cutting operation and sample handling 

Beginning in 2022, an engineering team was tasked 

with developing the processes needed to open the sam-

ple tubes and to extract the solid and gaseous samples.  

The engineering team was asked to develop engineer-

ing priorities associated with this process.  Two sci-

ence teams were asked to develop parallel science pri-

orities:  The “Gas Team” evaluated the priorities relat-

ed to all returned gaseous samples (including the head 

gas), and the “Rock Team” (the authors of this contri-

bution) evaluated the priorities associated with solid 

materials contained within the sample tubes.  Both 

teams work under the oversight of a third committee, 

the Mars Campaign Science Group (MCSG). 

The solid samples returned from the martian surface 

will be the basis for answering the main scientific 

questions of Mars Sample Return [3].  

The rock samples will all have been collected from 

various outcrops (or perhaps very large blocks of float 

rock).  However, at least some of the rocks are rela-

tively weak (i.e. low compressive strength), and are 

vulnerable to fracturing during drilling and during sev-

eral dynamic events during the return phase (most im-

portantly, at Earth landing). The regolith sample is 

unconsolidated. It is anticipated that the mechanical 

state of each sample, as received in the laboratory on 

Earth, will be assessed by a method like computed 

tomography (CT) scanning prior to opening.  The deci-

sion on how to open each sample tube can therefore be 

based on geological data collected by the M2020 team, 

tests done on analogue samples, as well as the penetra-

tive imaging data obtained on Earth during basic char-

acterisation. 

The engineering team has proposed a 2-phase process 

for opening the sample tubes:  First, puncture the tube 

in a way that will allow any gas present to be extracted 

and captured, then second, cut the metal of the tube in 

a way that would allow the solid materials to be re-

moved.  Regarding cutting the metal of the tubes, three 

primary mechanisms have been proposed (Fig. 1): 
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1. A single radial cut to the end of the tube, so 

that the sample could be tipped out. 

2. A radial cut at each end of the tube, which 

would enable the sample to be potentially 

pushed out from one end. 

3. Two radial cuts and two longitudinal cuts, to 

reveal the whole sample during cutting. 

 

 
Figure 1. Proposed protocols for opening the sample tubes. 

The first approach (one radial cut) requires a sharp hard met-

al wheel, which shears through the tube by slowly rotating 

and tightening it around the tube. The sample is extracted 

from the tube by inclining it and controlling the rate of de-

scent with a piston. The second approach involves perform-

ing a second cut. Both options 1 and 2 involve the sample 

sliding out of the tube and incur the risk of losing the part of 

the chemical and structural layering of the sample. The third 

approach involves doing two longitudinal cuts on the side of 

the tube (in addition to the two radial cuts) to expose the 

whole sample within the tube. It is least likely to disturb the 

physical integrity of the sample, which stays in place in the 

tube, but it involves cutting the tube through a white alumina 

coating. The chance of contamination is higher with this third 

option. Image courtesy of O. Perez. 

Approach: We conclude there are three main consid-

erations: 

• Need to minimise (and have knowledge of) con-

tamination 

• Need to preserve stratigraphy and other textural 

relationships  

• Need to maximise the recovery of sample mate-

rial from the tubes and ensure that it ends up in a 

scientifically useful state.  

Minimal cutting (i.e., a single radial cut) was consid-

ered optimal to minimise potential contamination of 

trace elements, especially metals, and organic material 

from the tubes and cutting tools. The structural integri-

ty of the sample would, however, be best preserved 

with radial and longitudinal cuts; this is considered 

especially important for sedimentary rocks that may 

contain internal structures but are friable. The yield 

may be maximised by at least two radial cuts. These 

considerations may conflict, and the approach to be 

used will depend on the character of each sample.  

The preferred opening strategies are summarized in 

Table 1, which ponders each criterion (structure integ-

rity, chemical integrity, and yield) for three categories 

of samples (consolidated rocks, friable rocks, and loose 

regolith). We summarize the Rock Team recommenda-

tions at the bottom of each column. 

 
Conclusion: The Rock Sample Team finds that a 

single approach will not be appropriate for all the 

rock samples returned by MSR, but instead a flexi-

ble and bespoke approach will be needed for each 

sample tube opening, with all three of the above op-

tions available.  As a general principle, minimal cut-

ting is favoured as this will also minimize potential 

contamination. However, an overriding consideration 

is that the structural integrity of the rock sample is key 

to understanding its petrology, and this should remain 

intact, even if this requires more processing. 

For regolith samples, a single radial cut followed by 

tipping out the grains is likely to be appropriate, since 

this will minimize contamination and there is no need 

to preserve spatial relationships within the tube. For 

well consolidated (e.g., some igneous) samples, a radi-

al cut perhaps followed by a second radial cut may be 

required to extract the sample completely. For sedi-

mentary rocks, and any friable igneous rocks, the deci-

sion is more complex because a longitudinal cut may 

be necessary to observe and preserve structural rela-

tionships, but this must be weighed against potentially 

contributing more contamination.  

The physical state of each core (consolidated or fria-

ble) will not be known for certain until the samples are 

bought back to Earth, where CT will reveal the fine 

structure of the samples and help guide the strategy to 

be adopted for tube opening.  In the next stage of our 

working group, we will use analogues of M2020 sam-

ples to help with planning sample extraction. 
Disclaimer: The decision to implement MSR will not be 

finalized until NASA’s completion of the National Environ-

mental Policy Act (NEPA) process.  This document is for 

informational purposes only. 
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