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Introduction: A major objective of the 

SSERVI Project ESPRESSO (Project for Ex-

ploration Science Pathfinder Research for 

Enhancing Solar System Observations) inves-

tigation is to assess the role and performance 

of hand-held LIBS and Raman devices in the 

context of human space exploration while 

targeting specific questions of geologic inter-

est at field analog sites. The fast data acquisi-

tion and minimal sample preparation re-

quirements of these devices make them ex-

tremely attractive as candidate tools for future 

astronauts to use for geochemical mapping, 

resource prospecting, sample selection, and 

hazard identification. 

We participated in the summer 2018 

field campaign of the SSERVI RIS4E (Re-

mote, In Situ and Synchrotron Studies for 

Science and Exploration) team at the Potrillo 

Volcanic Field in southern New Mexico 

(Figure 1). Two Laser Induced Breakdown 

Spectroscopy (LIBS) instruments were used 

to measure the elemental composition of se-

quences of ash/pyroclastic material at the 

Kilbourne Hole maar as well as basaltic ma-

terial/surface coatings in inflation domes 

elsewhere in the Potrillo Volcanic Field. The 

materials within Kilbourne Hole exhibit mul-

tiple grain sizes, sorting, and textures within a 

relatively small sequence (~6 m). In the infla-

tion domes we see a variety of surface altera-

tion ranging from no alteration to reddish 

coatings depending on depth within clefts.  

We have used the collected data to 1) 

evaluate the ability of these field portable in-

struments to resolve meaningful geochemical 

trends, 2) assess the relationship of chemistry 

to both outcrop-scale spatial variability and 

small-scale sedimentological heterogeneity 

(ash, lithics, xenoliths, diagenetic compo-

nents, etc.), and 3) compare results from mul-

tiple handheld devices between the two 

SSERVI teams.  

Instruments: Each SSERVI team oper-

ated a handheld SciAps Z-300 LIBS spec-

trometer. This instrument offers elemental 

microanalysis in the field over the range of 

190-950 nm. It is equipped with an integrated 

argon purge which allows for increased signal 

in the deep UV (190 – 300 nm), permitting 

analysis of all atomic species from Hydrogen 

to Uranium. This instrument produces a 50 

µm spot size which can be used to acquire a 

line scan, or even single spot analysis on an 

Figure 1: Map of Potrillo Volcanic Field. 
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inclusion or vein of material. The laser spot 

size for rastering is 100 µm, which can be 

used for point-by-point elemental mapping in 

4x4 – 16x16 grid pattern. Handheld LIBS can 

provide a powerful means of performing 

sample selection and triage, enabling future 

human explorers to identify and collect high-

ly optimized rock and mineral samples with 

minimal effort and risk.  

The handheld LIBS instrument uses uni-

variate peak analysis which poses challenges 

with geochemically diverse samples because 

of chemical matrix effects. When a sample 

matrix is unknown, the accuracy of a univari-

ate calibration is limited by how well the cal-

ibration matrix is able to match the sample 

matrix. Mismatch of matrix between stand-

ards and unknowns can result in large analyt-

ical uncertainties. The two handheld LIBS 

instruments each used a different calibration 

method. Project ESPRESSO employed the 

default calibration and RIS4E utilized a cus-

tom calibration.  

Results: Our study area included a cleft 

that formed in a volcanic inflation dome as 

high viscosity, gas-poor lava erupted effu-

sively and piled up around a vent and eventu-

ally cracked. This cleft exhibited a variety of 

surface alteration ranging from no alteration 

to reddish coatings depending on height 

(Figure 2A). Three distinct color layers of 

the ~3.5 m sequence were measured with the 

default calibrated LIBS. Furthermore, we 

measured the underlying rock after the surfi-

cial material was removed by a drill. The 

LIBS was used to determine if distinct chem-

istries could be observed for the surface coat-

ings relative to each other as well as for the 

underlying rock relative to the surface coat-

ings. Certain elements provided smaller error 

bars which allows for finer scale differences 

to be observed between the materials (Figure 

2B-C). In order to improve the accuracy of 

this instrument calibration targets with com-

positions analogous to the field targets are 

critical and currently being investigated.  

Figure 2: A) Volcanic inflation dome cleft 

with B) surface and C) underlying rock 

chemistries as determined by LIBS. 
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