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Introduction
Current projects for in situ isotope measurements in planetary solids

Introduction
Isotopes with relevance to space research
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Introduction

Capabilities of in situ measurements in space research using LMS

> In-situ measurements

— Complete elemental and isotopic composition
measurements (ablation mode)

-~ Normative mineralogy (e.g., single grain
mineralogy)

—  Chemical maps of heterogeneous material
surface (e.g., composition of bulk vs. individual
surface components) (Neuland et al., Planet. Space
Sci., 2013, accepted)

~  Depth profiling analysis (e.g., weathered surface 8
vs. interior composition) 3

- Element and isotope fractionations

- Radio-isotope chronology of planetary solids
(e.g. Riedo et al., J. Anal. At. Spectrom., 2013, 28,
1256, Riedo et al., Planet. Space Sci., 2013, in press)

— Molecular composition (desorption mode)
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Introduction
LIMS for in-situ measurements

> Advances in last decades (modeling tools, fast electronics and data
acquisition, miniaturized laser system)

> Miniaturized laser-ablation mass spectrometer (LA-MS)
- tens of ppb detection sensitivity
- measurements on isotopes with ACAMAM Sample
- relative sensitivity coefficients clo: by luminatior
- sample consumption in the ~ fg/n
- no sample preparation, no oven, |
- straightforward data acquisition a

> Current space instruments
- LAZMA (Phobos-Grunt sample return r
- LMS on CAMAM assembly

g Total mass: ~4kg
Total power: ~11W|
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Miniaturised LIMS (LMS)

Instrumental Overview

JAAS

(Riedo et al., J. Anal. At. Spectrom., 2013, 28, 1256; A. Riedo et al., J. Mass Spectrom., 2013, 48, 1-15)
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Miniaturised LIMS (LMS)

Operation Principle & Design

160mm x 60mm

Flight model ~ 1.5kg
Power consumption: ~4W

Voltages:
lon optics/Detector: ~2 kV/

Design based on Simion-
simulations

Ring-anode detector

2 x 8-bit high speed
digitizer with on-board
processing ADC cards,
l- each with 2 channels
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Laser ablation / ionisation source r
Reflectron-type TOF analyser

Quantitative elemental analysis E
(temporal control)
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Quantitative elemental analysis E Isotope measurements and accuracy (ns)
(ns-laser vs fs-laser) -

08/10/13 (Riedo et al., J. Anal. At. Spectrom., 2013, 28, 1256)

Case study Pb
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Isotope measurements and accuracy (ns)

LMS accuracy referenced to TIMS data
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Accuracy and precision of isotope ratio
measurements vs. concentration (ns)
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Isotope measurements and accuracy (fs) E Accuracy and precision of isotope ratio E
measurements vs. concentration -

(Riedo et al., J. Anal. At. Spectrom., 2013, 28, 1256)
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Pb-Pb radio-isotope chronology (ns)

Summary
Performance overview
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Outlook — Outlook — 2d chemical finger printing
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Computer-controlled performance
opti MISEr (voltage settings on ion optics, sample positioning fenmn
(crater diameter), laser fluence)

08/10/13 08/10/13

b b
1) 1)
Isotope measurements and accuracy (ns) — Mass spectrometric results
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Measurement Results (LMS) — LMS

Elemental Measurements Instrumental Overview
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Outlook  —— Mass Resolution (ns)
Depthiprofiling - Laser irradiance dependency
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Introduction
Extraterrestrial material and in-situ measurements
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