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Introduction:  The search for life on Mars has followed 

milestones of finding evidence of water from orbit [1], to 
showing that long-lived freshwater lakes existed [2], to find-
ing organic molecules [e.g., 3] and long-chain organics [4]. 
Still, given the radiation and cold surface environment, more 
habitable abodes for life are likely underground. Lava-tube 
caves exist on Mars [e.g., 5 & refs. therein], and are the “easi-
est” access to the martian subsurface. Such access is still not 
easy, as most cave entrances have vertical drops of tens to 
>100 m. Porting organic-detection hardware to the floor of a 
Mars cave is a daunting task. Here we present an organic-
searching Mars cave mission concept that is feasible with 
current technology. This mission would be a “first look” into 
a Mars cave to reveal its environment. 

Mobility: Entrance into Mars “skylight caves” (lava tubes 
with holes to the surface) may be most feasible with a drone. 
The 2020 Mars Helicopter Technology Demonstrator [6] is a 
coaxial helicopter with a rotor diameter of 1.2 m and a total 
mass of ~ 2 kg, capable of flying a few hundred meters per sol 
in ~ 90 s flights at the elevation of Jezero Crater (~ -2.5 km), 
carrying a cell phone camera as payload. Recent scalability 
studies have analyzed larger coaxial and hexacopter multi-
rotor designs, aiming to increase payload to several kilo-
grams, range to several km, and flight endurance to several 
min., depending on elevation and other factors. One class of 
concepts is a hexacopter with total deployed diameter on the 
order of 4 m that folds for interplanetary cruise to fit in the 
volume of the legacy aeroshell. 

 Most feasible Mars caves are atypical pit craters (APCs), 
which may have accessible passage at the base of the entrance 
pit [5]. Most occur at relatively high elevations, but some are 
in the -1 km to -2 km range NW of Elysium Mons, where it 
appears that a hexacopter in the total mass range of ~ 20 to 30 
kg could carry payload on order of 5 kg for several minutes 
and a few kilometers per sol. A few APCs on the southeast 
flank of Elysium Mons and in the Tharsis region occur at 
elevations of +2 to 2.4 km, which may allow payload on the 
order of 2 kg for flights on the order of 1 km. 

Payload: We propose an ultralight-weight payload that 
does not require a (risky) landing in the cave itself. 

Imaging. The current Mars 2020 helicopter is already 
equipped for imaging (necessary for auto navigation). Light-
ing in the cave will be provided by either the OrganiCam laser 
(below) or a pulsed LED. 

Surface Organics are identifiable via time-resolved fluo-
rescence imaging. The Biofinder [7], a COTS instrument 

developed by U. HI, demonstrated that such an imager a) can 
clearly distinguish organic fluorescing materials from mineral 
fluorescence via ns time resolution and b) has detection limits 
in the ppb range at several m. A more flight-like prototype, 
OrganiCam, is under assembly at LANL (Fig. 1) using flight-
qualified SuperCam technology. A 5 ns Nd:YAG laser beam 
is dispersed over the region of interest (several m2). A camera 
with a filter to remove returned laser light passes the fluores-
cence images through a time-gated intensifier to a CCD. Or-
ganiCam also contains a spectrometer using the same detec-
tor. It is very light-weight (0.7 kg w/o electronics, before mass 
reduction for flight) and uses rad-hard lenses. 

Atmospheric Sensing: We propose a volatile organic car-
bon (VOC) sensor as the third instrument. VOC sensors are 
highly miniaturized and highly sensitive. Specifics of this 
payload element are still open. 

The Mission: In response to a call for Mars mission con-
cepts, LIFE COVE (Laser-Induced Fluorescence Exploration 
of Caves for Organics and Volatiles using an Elevated plat-
form) was submitted. A Mars drone with a payload capability 
of 4 kg lands within 50 km of the cave and uses multiple 
flights to arrive at the entrance. There it hovers over the sky-
light entrance for initial imaging and VOC assays. On next 
flights it enters the cave for imaging & organic surveys. It 
never needs to land in the cave, instead exiting to recharge. 

Required Technology: Caves are at higher elevations 
than previous landed missions and occur in terrain that is 
likely to be challenging for safe landing. This will require 
advances in Mars entry, descent, and landing (EDL) capabil-
ity to land safely and precisely at these elevations (e.g. ~ -2 to 
+2.4 km). Autonomous navigation for drones is progressing 
rapidly on Earth, including for cave-like scenarios, powered 
by miniaturized sensors and powerful onboard processors 
from the smartphone industry. The OrganiCam prototype is 
currently being assembled, and should provide solid detection 
limits, expected at the level of organics detected by the SAM 
instrument (10s-100s ppb range). A VOC analyzer should be 
very feasible at Mars pressures.  

References: [1] Feldman W.C. et al. (2002) Science, 297, 75. 
[2] Grotzinger J.P. et al. (2015) Science, 350, aac7575.  [3] Eigenbrode et al. 
(2018) Science 360, 1096. [4] Freissinet C. et al. (2019) Mars 9, 6123. [5] 
Cushing G.E. et al. (2015) JGR 120, doi:10.1002/2014JE004735. [6] Balaram J. 
et al. (2018) AIAA SciTech Forum, Jan 8. [7] Misra A. et al. (2016) Astrobiolo-
gy 16, doi:10.1089/ast.2015.1400. 

 

 

Figure: Prototype OrganiCam time-resolved laser-
induced fluorescence imager and spectrometer 
capable of uniquely imaging organic materials to 
ppb abundances. The gated image intensifier and 
detector (right side) are Mars 2020 SuperCam 
heritage. The inset shows the size of the camera 
lenses with a pen for scale. Laser and electronics 
are not shown. The unit is currently being 
assembled. It is capable of 100 ns intensified 
images and spectra. 
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