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Methodology and sample holder for analyses

under quarantine of Martian Return Samples
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Hyperspectral analyses

X-ray imaging:

- High flux @ ESRF synchrotron
- XRF + XRD + XAS

- high resolution 0.2 - 2 um

- full grain penetration

Raman imaging:
- directmineralogical imaging
- Labram Dilor microscope

- Ar excimer laser
- high resolution 0.8 pm

IR imaging:

- Ar excimer laser

- information length - 10 - 100 pm (S - Fe) - skin penetration ( 100nm)

XRF [4]

- Ultratrace MDL

- ppmmapping

- Direct semi-quantitative imaging

- Monte-Carlo & STD quantification

- XR Y |E database development 0

XRD
-WAXS trace mapping

- fastacquisition 1 s
- identification & Rietveld refinemen

Sulfate

Suifide

XAS :
Trace element 100 ppm =
K edge elements: S, Ca, Cr, Fe i

SIXES imaging of species
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Data treatment
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PyMCA [1] package
- Hyperspectral imaging £,
- Multi-probe mapping:

XRF/XRD/Ramar/
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- moderate resolution 5 um
- transmission/reflection geometries
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Image processing

-compatible with lab. instruments

™ Apply to seen image | Apply to all in file

- image processing
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ITFA [10] /MAM [11] XAS modeling
FIT2D [12] XRD mapping

Monte-Carlo

Univ. of Ghent M-C package
- all interactions XRF, Scattering
- feed-back capabilityfif)
- 2nd order effects:
Bremsstrahlung + Compton excitation
- 3 order effectse impact ionization

Intensity, counts
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bremsstrahlung of K photoelectron

bremsstrahlung of L photoelectron

Simulation w/o photoelectrons
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Hyperspectral
nondestructive
analyses

X-rays

(8) ESRF, BP 220, 38043 Ginézy FRANCE,

IR

IR OUT

XRD OUT

- 3 container confinement
-1.15grains 0.1 @2 mm

- Dry N, confinement gas
-P, T=1f (t) Labview acqui
- remote magnetic positionin

IR spectra through sapphire window

Raman

- dry N, confinement gas
- glove box assembly

X-rays IN - in-situ outer decontamination

Raman IN/OUT
IR IN/OUT

XRF OUT

- Ultrapure, thin wall capillaries
- 5 grains/capillary

-X-ray windows: Be 12.5 ymi=70% @ 2.3 keV
- Optical windows: sapphire 0.5 mi, 70%
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Ccnes #10:
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BSL4 sample holder

- u-sensors foP & T
- LABVIEW® acquisition
- HAZMAT transportation container

- Pure silica capillaries

- Very thin walls 10 pm

- 5 grains/capillary

- grains held by ultraclean spacers

REFERENCES
Spectrochimica Acta B2, 63-68, 2007
Freely available onttp://ftp.esrf.eu/pub/scisoft/xraylib/
Fluorescence Analysis, 475-497, Elsevier, 2006

Practical X-Ray Fluorescence Analysis, 33-36; 66-83, Elsevier, 2006

[1] Armando Scé et al, A multiplatform for the analysis of energy-dispersive XRF spectra,
[2] Brunetti, Sanchez del Rio, Golosio, Simionovici, Somogyi, Spect. B&9, 1725-1731, 2004
[3] Synchrotron radiation source, A. Simionovici, J. Chavanne, Chap. 2,HalndbBractical X-Ray

[4] Micro-XRF with Synchrotron Radiation, A. Simionovici, P. Chelall Chap. 7, Handbook of

[5] A new nondestructive X-ray method for the determination of Bxenteralogy at the mm-scale,

L. Lemelle, A. Simionovici, R. Truche, Ch. Rau, M. Chukalina, P. Gifet. Mineral. 87 , 547-553
2004

[6] In-situ Fe XANES of extraterrestrial grains trapped in agrogllectors: an analytical test for th
interpretation of Stardust sample analyses, F. Grossemy, J. B@jgpuadi, A. Simionovici, L.
Lemelle, D. Eichert and D. Deboffle, Astronom. & Astroph., 2006

[7] Chemical composition of Wild-2 samples returned by Stardust, ®nh,et al.,Science 314,
1731-1735, 2006

[8] Mineralogy and Petrology of Comet 81P/Wild 2 Nucleus Samples, Mi¢haZolenskyet al.,
Science 314, 1735-1739, 2006

[9] Comet 81P/Wild 2 Under a Microscope, Don Browneience 314, 1711-1716, 2006

[10] Matthew Marcushttp://www.als.lbl.gov

[11] André Rossberg, FZ Dresdenitp://www.esrf.fr/

D

[12] Andy Hammersleyhttp://www.esrf.fr/computing/scientific/FIT2D




