
HAL Id: hal-03840155
https://hal.science/hal-03840155v1

Submitted on 4 Nov 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Advanced mgm deconvolution on powder versus slab of
olivine natural samples : a test with nwa 5400

P.C. Pinet, Serge D. Chevrel, Yves Daydou, Cristian Carli, Enrico Bruschini,
T. Cuppone, Giovani Pratesi

To cite this version:
P.C. Pinet, Serge D. Chevrel, Yves Daydou, Cristian Carli, Enrico Bruschini, et al.. Advanced mgm
deconvolution on powder versus slab of olivine natural samples : a test with nwa 5400. European
Lunar Symposium 10th, May 2022, En ligne, France. p. 103-104. �hal-03840155�

https://hal.science/hal-03840155v1
https://hal.archives-ouvertes.fr


ADVANCED MGM DECONVOLUTION ON POWDER VERSUS SLAB OF OLIVINE NATURAL 

SAMPLES :  A TEST WITH NWA 5400.   P.C. Pinet1,2, S.D. Chevrel1,2 , Y.H. Daydou1,2 , C. Carli3, E. Bru-

schini3, T. Cuppone4 and G. Pratesi4, 1Université de Toulouse; UPS-OMP; IRAP; Toulouse, France, 2CNRS 

/CNES; IRAP; 14, avenue Edouard Belin, F-31400 Toulouse, France; 3INAF - Institute for Space Astrophysics 

and Planetology (IAPS), Via del Fosso del Cavaliere, 100, 00133, Rome, Italy ; 4Department of Earth Science, 

University of Florence, Italy. (patrick.pinet@irap.omp.eu) 

 

 

Introduction: As shown in [1], the use of MGM 

modeling, with the handling of the overall continu-

um by a second-order polynomial initially adjusted 

on the main maxima along the reflectance spectrum, 

is a clear progress. This approach is close to the 

convex hull one, but is more flexible in the sense 

that it does not constrain the continuum to be tan-

gential to the spectrum though it does not preclude 

it. Continuum slopes are well known to be highly 

variable, being affected by a number of parameters, 

which include surface texture, grain size, viewing 

geometry, and alteration due to space weathering. 

The results which are produced, all particularly with 

natural samples, suggest that the continuum physi-

cal understanding hides additional complexity yet to 

be explored. The robustness of the proposed solution 

is also significantly increased by the use of a fixed 

set of starting conditions able to address situations 

ranging from laboratory to orbital data.  

The band center positions of the three primary 

olivine absorptions (M1-1, M2, M1-2) are used sim-

ultaneously to produce a constrained prediction 

across an extended forsterite range Fo#[0-90] of 

olivine solid solution composition. The established 

trend lines based on synthetic samples with compo-

sition ranging from Fo#0 to #90 appear robust when 

implemented on controlled natural samples, and 

represent an improvement over previous solutions. 

However, the validation has been mainly made 

so far on controlled powder samples with typical 

grain size less than 60 micron, and it remains to 

explore how this modeling behaves when imple-

mented on rough-powdered and slab olivine-rich 

samples, in the context of natural cases involving 

multiple mineral phases. Natural samples can in-

deed be found with variable grain sizes or as rock 

slabs/chips and are likely not devoid of minor 

amount of cations such as Fe3+, Cr2+, Mn2+, 

Ca2+,… which may disturb the optical properties 

across the olivine composition range.  

 

Case of a powder versus slab natural sample: 

To take a first step in this direction, an assessment 

is performed here on a well–characterized sample of 

NWA 5400 meteorite (a dense, dark brown, rounded 

stone (4818 g) partially covered with a weathered 

fusion crust), found in Algeria in 2008 [2]. Its pet-

rographic description indicates a coarse-grained 

rock (grains mostly in the range  0.2–0.8 mm) with 

protogranular texture, composed predominantly of 

olivine (79vol%,  Fo#~70) with subordinate ortho-

pyroxene (10.5 vol%, Fs24.4Wo2.1), clinopyroxene 

(8.9 vol%, Fs9.4Wo45.1), chromite (1.4 vol%), Cl-

rich apatite, troilite, kamacite (altered to iron hy-

droxides) and minor taenite. No plagioclase was 

observed despite a careful search. (see description of 

Northwest Africa 5400 in Meteoritical Bulletin) [3].  
Powdered and slab samples have been prepared; 

the powders discussed hereafter have a grain size 

ranging between 0 and 100 m, with very few 

grains (less than 5 % in volume) with dimension 

larger than 100 m. Their reflectance spectra have 

been acquired in the 0.35-2.5 m domain on a spot 

size with a diameter of the order of 5-6mm by 

means of an ASD field spectrometer.Two spectra 

(powder and slab cases) are shown below.  

 
Figure 1. (Left) FTIR picture at microscopic scale in 

reflected light of a portion of the slab sample (minerals 

identified from SEM); (Right) NWA 5400 reflectance 

spectra on a powder sample shown in green and on a slab 

in red. 

 
Olivine Spectra Deconvolution and results:  

An advanced  MGM deconvolution process is then 

applied to these spectra. Among a number of tests, 

two results are shown and discussed below. 

The deconvolution of the powder spectrum is first 

addressed. A set of 5 dedicated Gaussians (band 

center, band width, intensity and associated uncer-

tainties) is used and referred to in the following as 

L5 reference configuration. The first Gaussian, cen-

tered around 450 nm, is used to model the strong 

large absorption at shorter wavelength (i.e. charge 

transfer towards the ultraviolet). The ‘650nm’ 

Gaussian, though generally quite shallow, appears 

to handle absorptions possibly caused by transitions 

of minor elements such as Cr, Ni or by charge trans-

fers of other elements. Both Gaussians also contrib-

ute stabilizing the overall shape of the continuum in 

the visible domain. The next  Gaussians respectively 

centered at 850, 1050, 1250 nm and referred to as 
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M1-1, M2, M1-2 address Fe 2+ charge transfers ab-

sorptions. 

As shown on figure 2, the modeling appears well-

behaved with a flat line residuals all along the spec-

tral domain (rms: 0.0043). The ‘650nm’ Gaussian 

has a rather pronounced band depth consistent with 

the Cr presence in the sample.  

 
Figure 2. NWA 5400 powder spectrum MGM deconvolu-

tion. Measured spectrum (pink line) and MGM modeled 

one (green solid line) with the Gaussians (solid blue 

lines) and polynomial (dashed -starting continuum- and 

solid -final continuum after running MGM- red lines) and 

the residuals line in black along the spectral domain. For 

clarity, the residuals (observed - modeled quantity) are 

shifted by +0.1 which means that a perfect fit is displayed 

with a 0.1 flat line. Position of the local maxima (anchor 

points) along the spectrum used for the process of initiali-

zation shown by thin vertical blue lines (3rd anchor point 

not displayed if beyond 2.5 micron). 

 

While the deconvolution of  the powder spec-

trum gives classical enough outputs (see [1]), the 

spectrum of the slab sample (figure 3) has to be 

handled with a slightly different MGM configura-

tion requiring two Gaussians in the SWIR and no 

‘650nm’ Gaussian. The spectral residuals are still 

low (rms:0.0048) though a bit more shaky. One 

notes that the M2 intensity is less than M1-1 which 

is not expected when modeling a pure olivine phase 

and calls for the contribution of other phases or the 

presence of minor amounts of various cations (Ca2+, 

Mn2+, Cr2+ , Fe3+ ,…) disturbing the olivine charac-

teristic absorption features. 
However, despite these complexities, the predic-

tion of the olivine composition based on the mini-

mum deviation from the three trend lines estab-

lished in [1] gives the following Fo# estimates : 75 

for the powder case;  67 for the slab case (see figs. 4 

and 5).  

  

Conclusions: Despite the heterogeneity of the 

sample in this natural context, the olivine composi-

tion prediction, though affected by the presence of 

additional phases, is for both powder and slab cases, 

close to the actual Fo#~70.  

 
Figure 3. NWA 5400 slab spectrum MGM deconvolu-

tion (see Fig.2 for figure caption). 

 
Figure 4. Compositional trend lines from [1] in blue 

in molar Fo# versus band center (nm). Crosses (x) plot for 

both (powder x and slab x) samples the actual Fo# associ-

ated with M1-1,  M2, M1-2 band centers determined by 

MGM deconvolution (see figs. 2 and 3). The horizontal 

thin bars display the real distances to trend lines while 

the vertical thin bars show predicted-actual Fo# quanti-

ties. 

 

 
Figure 5. Predicted versus actual molar Fo# estimates. x 

cross for powder, x cross for slab case. 
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