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ASTROBIOLOGY AT THE INFLECTION POINT: THE M-ORIGINS INSTRUMENT SUITE TO
PAVE THE WAY FOR AGNOSTIC LIFE DETECTION ON MARS

Abstract

Astrobiology is at an inflection point. The 2019 National Academies consensus study on Astrobi-
ology Strategy (NASEM-ABS) called on NASA to integrate astrobiological expertise across all mission
stages, from inception through operations. Yet the instruments we send to search for life remain an-
chored to a paradigm with fundamental blind spots. Since the Viking landers in 1976, planetary life
detection has relied predominantly on mass spectrometry (MS), which ionises and fragments molecules
for identification. While powerful for small organics (typically < 1000 Da), MS-based instruments such
as GCMS, SAM and MOMA are limited by mass ranges and pyrolytic fragmentation that cannot reach
the molecules that most unambiguously indicate life (10,000 to over 1,000,000 Daltons). These techniques
inherently damaging the intact macromolecular architectures, thus cannot resolve enantiomers whose ho-
mochirality serve as hallmarks of biological chemistry. This paper presents M-ORIGINS (Mars Optical
Remote Investigation and Integrated Non-destructive Spectroscopy), an instrument suite that augments
the current paradigm by departing from MS toward non-contact, structure-preserving optical biosigna-
ture detection optimised for Sojourner-class rover platforms exploring Martian subsurface cave and lava
tube environments. M-ORIGINS comprises four complementary subsystems: CHIRAL-P, a solid-state
circular spectropolarimeter providing direct homochirality detection; DUV-RAF, a deep-UV Raman and
fluorescence spectrometer derived from Perseverance’s SHERLOC, providing organic characterisation and
spectroscopic proxy estimates of Molecular Assembly index (MA) validated at correlations of r = 0.70 -
0.86 with true molecular complexity; VNIR-R, a broadband reflectance spectrometer for mineralogical and
habitability context; and MICRO-I, a microscopic imager for morphological analysis and target triage.
The suite includes active illumination for operation in dark subsurface environments where biosignatures
are best preserved from ultraviolet photodegradation and radiation. Grounded in Assembly Theory (AT),
which posits that molecules with MA >= 15 when present in significant abundance are overwhelmingly
products of biological processes, M-ORIGINS provides a biochemistry-agnostic detection framework. De-
tection of homochiral organics exhibiting high spectral complexity would constitute strong evidence for
biological origin irrespective of similarity to terrestrial biochemical systems. Operating at stand-off dis-
tances of 21-100 mm, the suite eliminates sample handling contamination risk while preserving spatial
context critical for AT-based interpretation. With a total mass under 2.5 kg and peak power under 20
W, M-ORIGINS demonstrates that compelling life detection capability can be deployed on small, agile
platforms best suited for subsurface exploration. A hierarchical three-phase detection cascade maximises
scientific return while minimising resource expenditure per target.
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