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Introduction:  Mars Sample Return has been a key 

objective of the Mars science community for decades, 

including being identified by the most recent Planetary 

Sciences Decadal Survey [1] as the top priority large 

mission. While the Mars 2020 rover mission will begin 

the process of collecting carefully chosen samples with 

well-understood geologic context from the selected 

landing site [2], the timely return of samples is in part 

limited by the cost associated with the systems required 

to retrieve samples, perform Mars ascent, and return 

the samples to Earth. Being able to return the samples 

at significantly decreased cost can accelerate the time-

line for the first return of samples from Mars while also 

opening opportunities for the return of samples from 

multiple sites on Mars in an affordable fashion. 

Cost-Effective Launch: SpaceX was founded in 

2002 to revolutionize space technology, with the ulti-

mate goal of making life multi-planetary. Fundamental 

to achieving this goal is to vastly decrease cost and 

improve the reliability of access to and transport 

through space. The commercial development of the 

Falcon 9 and Falcon Heavy launch vehicles and our 

successes in introducing launch vehicle and spacecraft 

reusability offer increased launch capability at reduced 

cost [3]. We have also initiated development of the Big 

Falcon Rocket (BFR) launch and in-space transporta-

tion system [4], which will become available in the 

2020’s and provide Mars transportation capabilities 

well in excess of those currently available or being 

developed elsewhere, while continuing to decrease 

transportation costs by being fully and rapidly reusable. 

With the largest payload capability of any opera-

tional launcher since the Saturn V, the Falcon Heavy 

provides significant trans-Mars injection mass delivery 

at a very affordable price point which can be quite val-

uable in the context of near-term Mars sample return 

missions. This capacity allows a single-launch sample 

retrieval mission, providing capability to deliver a 

lander with fetch rover and Mars ascent vehicle, along 

with an Earth return vehicle. Whether employing Vi-

king- and MSL-style landing approaches, or using a 

new lander that could leverage capabilities SpaceX has 

been developing and demonstrating such as supersonic 

retro-propulsion, the overall useful mass delivered to 

the surface of Mars can be in excess of a metric ton, 

while simultaneously allocating launch mass for a cap-

ture and return orbiter and Earth entry vehicle. In addi-

tion to demonstrating technologies relevant for human-

scale missions, the new lander option could open op-

portunities for providing a direct Earth-return capabil-

ity, with the potential 

to further decrease 

operational complexi-

ty and overall cost 

relative to a Mars 

orbit rendezvous ar-

chitectural approach. 

The large landed 

mass on Mars directly 

increases the mass of 

material returned to 

Earth, allowing for 

multiple samples – 

rocks, subsurface, 

atmosphere – to be 

returned for further 

study and for more 

analyses to be performed. The lower price point has the 

potential to make it affordable to perform missions to 

multiple sites in a timely fashion, thus increasing the 

breadth of scientific understanding.  

Future Developments: In the mid-2020’s, the BFR 

system will start to offer the delivery of vastly in-

creased Mars payload masses, enabling sample return 

capabilities well in excess of those considered as part 

of Mars program planning to date. With a fully reusa-

ble launch system, Earth orbit propellant transfer, and a 

fully-propulsive Mars landing, BFR is capable of de-

livering over 100 metric tons of useful mass to the sur-

face of Mars in an affordable fashion. In the context of 

human missions, through use of in-situ propellant pro-

duction the system is capable of returning over 50 tons 

of useful mass from Mars to Earth. In addition to re-

turning with a BFR flight, opportunities also would 

exist for using the significant trans-Mars injection pay-

load mass to transport sample retrieval-specific hard-

ware. This approach could enable additional options 

for robotically-collected samples from a wider diversi-

ty of sites, complementing the in-depth sampling which 

would be conducted as part of human exploration in 

the vicinity of the initial Mars outpost site.  
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