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Introduction: The Scanning Habitable Environ-

ments with Raman and Luminescence for Organics and 

Chemicals (SHERLOC) instrument will be part of the 

Mars 2020 payload. SHERLOC will use a 248.6 nm 

laser to induce fluorescence emissions and Raman scat-

tering from minerals, organics, and potential organic 

biosignatures in both natural and abraded surfaces on 

Mars [1]. Fluorescence is generated from electronic 

transitions in aromatic organics and Raman scatter is 

generated from vibrational bonds in both organics and 

minerals. Understanding how deep into a substrate an 

analyte can be detected is key to understanding limits 

of detection for SHERLOC measurements and will 

help define what a null detection means [2].  

Here we report on preliminary results using a 

SHERLOC-like laser to detect the Raman and fluores-

cence spectra of aromatic and aliphatic organics under 

thin layers of MMS basalt (Mojave Mars Simulant) [3], 

kaolinite, Bishop tuff and gypsum.  These thin layers 

were formed using crushed rock or mineral powder and 

a mechanical press. 
Methods:  Pellets analyzed consisted of 2 layers. The 

bottom layer consisted of the organic of interest. Or-

ganics investigated include phenylalanine, phenan-

threne, alanine, histidine, lysozyme and adenosine 5’-

monophosphate. The top layer was a thin layer (~100-

300 μm) of organic free pressed rock or mineral. The 

thickness of the top layer was measured using a Mi-

tutoyo digital thickness indicator before being applied 

on top of the organic layer. Each pellet was analyzed at 

58 micron spot size over >150 discrete points. Fluores-

cence spectra were obtained with 25 pulses and Raman 

spectra with 1200 pulses. 
Results and Discussion: Results indicate that aliphatic 

organics can be detected to depths of at least 100 μm in 

all substrates investigated, while aromatic compounds 

could be detected at > 250 μm. Figure 1 shows, for 

example, the Raman spectrum of alanine obtained un-

der a layer of MMS with a thickness of 99 ± 10 μm 

(average of spectra taken at 156 points), while the inset 

shows the spectrum of pure alanine. Peak locations and 

relative intensities of the subsurface sample correlate 

well to the spectrum of pure alanine. The relative in-

tensity between subsurface and surface samples of ala-

nine was on the order of ~1.5% in this case.  
For each pellet analyzed there was substantial vari-

ability from point to point, ranging in some cases from 

0 to near 100% signal transmittance. This is likely due 

to natural heterogeneity in the mineral matrices. Natu-

ral martian rocks will also show significant variability 

in their compositions and crystal structures, highlight-

ing the benefits of mapping areas of interest rather than 

taking single point spectra to be representative of the 

bulk material.  

 

Conclusions:  Detection of organics by deep UV 

Raman and fluorescence spectroscopy can be achieved 

at depths greater than previously anticipated, potential-

ly allowing for lower limits of detection and larger in-

terrogation volumes for the SHERLOC instrument on 

Mars. The actual LODs will depend on the mineral 

matrix as well as the nature of the organic to be detect-

ed. The point to point variability in signal strength for 

each pellet analyzed highlights the advantages of de-

tailed mapping of an area of interest. 
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Figure 1. Averaged Raman spectrum of alanine under 99 ± 10 

μm MMS. Inset-Raman spectrum of alanine on a surface. 
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