“«*  Project ESPRESSO: Exploration Roles of Handheld LIBS for Fie
Geology on Earth and Planetary Surfaces at the Palisades Si

Overview: isades Si BS

In order to characterize the role, utility, and development requirements
for hLIBS for planetary exploration we analyzed the Palisades Sill in New
Jersey (Figure 1). The Palisades Sill is a Triassic diabase sill along the lower
stretches of the Hudson River in New York and New Jersey. The sill is
composed of primarily plagioclase feldspars and clinopyroxene and intrudes
into the Triassic Lockatong Formation which consists primarily of lacustrine
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In-situ measurements Of. the element?' and mmeraloglcoal d'fferent'&?tlon ; P Y L Alpine Ridge - MgO pellet vs. field Alpine Ridge - Al203 pellet vs. field
across the Palisades Sill, from rapidly chilled margins to a highly " -
differentiated, late stage residual melt horizon were collected using hLIBS.
Samples were also analyzed in the lab using both hLIBS and benchtop LIBS.

Alpine Ridge - SiO2 pellet vs. field Alpine Ridge - FeO pellet vs. field

® MgO - pellet @ MgO - field ® AlI203 - pellet = AI203 - field

FU@H@] ngtf@m@mtg N S | W - e A .o s » -
: Y ,“ Nl odh W, e HEIGHT (M) HEIGHT (M)
SCiApS LIBS Z-BOO " » S - \ ‘\.. . ?’ Alpine Ridge - CaO pellet vs. field Alpine Ridge - Na20 pellet vs. pellet
- Wavelength range: ot o ot 5 i
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1) Element Pro: non-calibrated
2) Geochem: calibrated
3) Geochem Pro: mapping
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Data Collection 8 | | L | | 2 | o
1) 114 sam ples were analyzed in-situ /collected along the Sill Lorenz Curves AP 104 - Fine Lorenz Curves AP 93 - Medium Lorenz Curves AP 31 - Coarse
- Calibrated Geochem Mode (3 cleaning shots, 5 locations, 10 spectra)
2) The collected samples were homogenized into powders and analyzed
- Calibrated Geochem Mode (3 cleaning shots, 5 locations, 10 spectra)
3) 16x16 raster was acquired for a relatively fine-, medium-, and coarse- |
Gmean: 0.339
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grained samples
- Geochem Pro Mode (1 cleaning, 10 spectra, 256 locations)
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Data analysis
1) Evaluate the ability of these field portable instruments to resolve o _(Mgo&o.og _Alzom_l; .. NG206:040 —MgOG:032  —A03G:048 —Si02G: 035 Ni20G:040 —Mg0Gi034  —AR03G:045 —Si02G:0.12
meaningful geochemical trends —Coc ERESEET ek — - —

- Observe in-situ geochemical trends [ locate boundaries Gini Index (G) - measure of statistical dispersion that here is used to quantify shot-to-shot hLIBS variability

- Compare field collected data with previous laboratory DCP-AES data — G ranges from 0 to 1, where G=0 expresses complete equality or uniformity and G=1 complete inequality
2) Investigate the statistical accuracy for bulk geochemical estimation —> The G value varies between individual oxides as well as for different target materials

- Compare heterogenous field data with homogenous powders — Rocks with grains smaller than the laser spot size produce bulk rock compositions at each LIBS point,

- Calculate point-to-point variability for major element oxides resulting in a lower G value
- Oxide compositions normalized from 0-1 — Rocks with grains about the size of the spot or larger contain contributions from individual grains at each

- Individual Gini Indices and mean Gini Index calculated point, resulting in a higher G value
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