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Introduction:  One of the highest priority goals for 
the Canadian and international planetary science com-
munities is the return of samples from known locations 
on Mars [1, 2]. Mars Sample Return (MSR) will be 
one of the most challenging planetary exploration mis-
sion campaigns to date and will likely involve substan-
tial international collaboration.  

The 2016 CanMars MSR Analogue Mission  repre-
sents a continuation of an 11-day/sol MSR analogue 
mission conducted in 2015 [3] and was conducted at 
the same field site in Utah, USA [4], in the framework 
of CSA’s 2016 Mars Sample Return Analogue De-
ployment [5] over three weeks in November 2016. The 
mission control team was located at the University of 
Western Ontario (Western), London, Ontario, Canada, 
and had no direct knowledge of the site until after the 
deployment.  

The 2015 and 2016 CanMars missions are a unique 
partnership between the Canadian Space Agency 
(CSA) and the Centre for Planetary Science and Explo-
ration (CPSX) at Western as part of the NSERC 
CREATE project “Technologies and Techniques for 
Earth and Space Exploration” (http://create.uwo.ca). 
The 2016 MSR analogue mission is the culmination of 
a series of deployments carried out by CSA and the 
CPSX-led CREATE team, beginning in 2013 and 2014 
at a simulated Mars terrain at the CSA headquarters in 
St. Hubert, Quebec, Canada, followed by the 2015 
deployment that successfully demonstrated high fideli-
ty mission operations [3, 4]. 

Mission overview:  The current scenario for MSR 
is a series of 3 missions: sample cache, fetch, and re-
trieval. The NASA Mars 2020 mission represents the 
first cache mission, which was the focus of the 2016 
CanMars mission. High level deployment objectives 
were established by CSA in co-ordination with West-
ern and other partners [5] and included science, opera-
tions, engineering and training.  

 
Fig. 1. The MESR rover at the analogue site in Utah 
(Photo credit: Canadian Space Agency). 

The CanMars 2016 cache mission was implement-
ed in two parts. Part 1 was conducted with the CSA 
Mars Exploration Science Rover (MESR) rover (Fig. 
1) built and supported by MacDonald Dettwiler and 
Associates Ltd. (MDA). In this scenario, 1 day = 1 sol, 
as with the 2015 campaign and indeed, the MESR rov-
er started the 2016 campaign at the exact spot it ended 
the 2015 campaign. During Part 1 of the mission (sols 
12–21) 10 command-cycles were planned and execut-
ed using MESR. In addition, two Strategic Traverse 
Days were pre-planned with activities involving long 
rover traverses and post-drive imaging (see [6] for a 
description of the objectives and results of the Strate-
gic Traverse Day operations experiment).  

Part 2 was implemented without the MESR rover 
and with hand-carried instruments and sample acquisi-
tion equipment. This portion of the mission was con-
ducted as a Fast Motion Field Test (FMFT) with three 
sols of operations being executed in one day (i.e., 1 
day = 3 sols). A single plan was used to execute the 3 
sols, such that the same remote science team planning 
cycle was used in Part 2 as for Part 1. Pilles et al. [7] 
describe the approach and outcomes of the FMFT. 

An overarching goal of the CanMars analogue mis-
sions is to advance knowledge regarding sample selec-
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tion for MSR as well as advancing sample science and 
analysis protocols. 

Team Structure and Operational Architecture: 
Over 60 people from 11 organizations  divided into 
three teams worked on this analogue mission. The 
Mission Control (MC) team was responsible for the 
science planning, processing, and interpretation, and 
was based at Western – the MC team was further split 
into Science [8] and Planning [7] sub-teams. The CSA 
team, with responsibility for the MESR rover opera-
tions was based at the CSA headquarters. The Field 
team and the MESR was deployed in Utah. Further 
details on the team structure and organization are pro-
vided by Battler et al. [9]. 

Table 1. CanMars instruments. 
Mars 2020 
Instrument 

Details CanMars2016 Instru-
ment 

MastCam Stereo camera 
with zoom capa-
bilities 

MastCam (Zoom Cam-
era) 

SuperCam LIBS LIBS (SciAps Z500 
GEOChem) 

Raman & TRF Raman (DeltaNu Rock-
hound) 
Raman (B&WTek i-
Raman-532-S) 

Visible and Infra-
red reflectance 
spectroscopy 

ASD FieldSpecPro 
HR spectrometer 

Remote micro-
imager (RMI) 

DSLR with Macro lens 

PIXL Micro focus XRF  XRF (Bruker GeoTrac-
er) 

Camera DSLR with Macro lens 

SHERLOC Raman Raman (B&WTek i-
Raman-532-S) 

 
Science Objectives and Overview:  This was a 

science-driven MSR analogue mission. The site was 
chosen based on a lengthy process and was visited by 
key personnel in order to determine its suitability for 
this mission from both a scientific and engineering 
perspective. The Science team was provided with the 
following highest priority mission goals: 1) collect and 
rank samples for cache and return with highest poten-
tial for preservation of ancient biosignatures from or-
ganic-rich carbon; and 2) assess paleoenvironmental 
habitability potential and history of water at the site. 
Caudill et al. [9] and Pontefract et al. [4] provide a 
detailed overview of the science objectives and out-
comes for this analogue mission and their evolution 
from pre-mission hypotheses to in situ science. The 
geologic interpretation of the site is a catchment basin 
for various fluvial regimes, where inverted paleochan-
nels with erosion-resistant cap rock preserved a lacus-
trine sequence. 

Instrumentation: The 2016 CanMars mission used 
a suite of off-the-shelf “stand-in” and integrated in-
struments onboard the MESR rover platform. Table 1 
provides a summary of the  Mars 2020 rover instru-
ments and their proxies for the CanMars mission. Ad-
ditional instruments used in the CanMars mission but 
with no direct match on the 2020 rover were a lidar, 
belly cam, mini-corer and a 3D microscope (TEMMI). 

Field Data and Sample Validation: Another ma-
jor component of the overall mission exercise was  
field validation, as the ability to validate mission re-
sults is a major advantage of analogue mission exercis-
es. Three different field validation exercises were con-
ducted.  A Western ground team working to implement 
mission operations with hand held instruments at the 
Utah analogue site collected additional measurements 
unknown to the remote ops team, and produced a geo-
logical field map with which to validate research re-
sults. A separate one day exercise was carried out to 
compare traditional field geology methods with rover-
based remote operations [10]. Finally, as part of the 
training exercise, the students involved in CanMars 
operations at the Western Operation Centre were able 
to visit the field at the end of the campaign for self 
validation, to understand how the world they had ob-
served through MESR appeared in reality  

Further validation of science-decision making dur-
ing the analogue mission is ongoing through analysis 
of samples targeted by the remote ops team and ‘re-
turned’ for laboratory analysis. This, ultimately, will 
provide feedback on whether the tools available for 
MSR will return the most scientifically valuable sam-
ples, and insight into approaches that might be adapted 
to enhance MSR mission success. Post-mission data 
and sample analysis is being conducted at partner labs 
throughout the US and Canada. 
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