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Introduction: SHERLOC is an instrument that is part
of the Mars 2020 payload. It utilizes a deep UV laser
(248.6 nm) to induce Raman and fluorescence in organ-
ics and minerals [1]. Samples of interest are spatially
scanned with the laser to stimulate fluorescence emis-
sions and Raman scattering from the sample. Specifi-
cally, fluorescence is generated from electronic transi-
tions in aromatic organics and Raman scatter is gener-
ated from vibrational bonds in both organics and miner-
als [2]. SHERLOC will be used on Mars to identify, in
situ, interesting samples for sample caching and poten-
tial subsequent return to Earth.

The mineral transparency at the wavelengths of in-
terest (250-400 nm) for both the incident laser light and
the sample specific photons from fluorescence emission
or Raman scattering will affect the interrogation vol-
ume of analysis and thus constrain the limits of detec-
tion. To date the depth of penetration of UV photons
into natural minerals has not been well characterized.
Here we report on preliminary results using a
SHERLOC-like laser to detect organics under thin lay-
ers of MMS basalt (Mojave Mars Simulant) [3], kaolin-
ite and gypsum.

Methods:

Pellets consisted of three layers. The bottom layer
consisted of the target mineral dust mixed with 10 wt.%
cellulose (as a binder). A second layer consisted of the
powdered organic to be analyzed. The top layer was a
thin layer (~100-200 um) of organic free mineral. The
thickness of the top layer was measured using a Mitutoyo
digital thickness indicator before being applied on top of
the organic layer. Each pellet was analyzed at 58 micron
spot size over 300 discrete points. Fluorescence spectra
were obtained with 25 pulses and Raman spectra with
1200 pulses.

Results and Discussion: Preliminary results have
been obtained for phenanthrene, phenylalanine and ala-
nine under MMS, gypsum, and kaolinite. The aromatic
compounds have been analyzed using fluorescence and
Raman spectroscopy while the aliphatic alanine was an-
alyzed using Raman only. In each case there was sub-
stantial variability from point to point, ranging from 0 to
near 100% transmission. This is likely due to natural
heterogeneity in the mineral matrices. Natural martian
rocks will also show significant variability in their com-
positions, but these results indicate that the SHERLOC
instrument should be able to detect aromatic and ali-
phatic organics with Raman and fluorescence spectros-
copy to a depth of >100 um in the minerals examined.

Preliminary results.

Figure 1 shows the averaged Raman spectrum for
alanine, an aliphatic amino acid. Peak locations and
relative intensities correlate well to the spectrum of pure
alanine. The relative intensity between subsurface and
surface samples of alanine was on the order of ~1.5%.
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Figure 1. Averaged Raman spectrum of alanine under 99 + 10
um MMS. Inset-Raman spectrum of alanine on a surface.

Conclusions: Preliminary results show that organic
molecules can be detected by the SHERLOC instrument
at depths in excess of 100 pm in basaltic minerals. Aro-
matic compounds such as phenanthrene and phenylala-
nine can be detected via fluorescence spectroscopy to a
depth of >160 um. Aliphatic compounds such as alanine
can be detected to a depth of >100 um using Raman. The
spectra of the subsurface organics investigated herein
have been found to correlate well with the spectra of the
pure organic. Further experiments will be performed to
constrain the maximum depth and minimum concentra-
tions at which organics can be detected using this
method. The detection depth of these and other organics
in various other Mars relevant minerals such as kaolinite
and gypsum will also be investigated.
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