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Introduction:  The ESA/Roscosmos ExoMars rov-

er (scheduled for launch in July 2020) carries a suite of 

highly synergistic, analytical instruments: (i) MOMA, 

Mars Organic Molecule Analyzer [1-4], (ii) RLS, Ra-

man Laser Spectrometer, and (iii) MicrOmega, a 

VIS/NIR imaging spectrometer. These instruments are 

designed to return high-resolution information (chemi-

cal/mineralogical rather than image data) on crushed 

(pulverized) samples, acquired by a drill core at multi-

ple depths down to 2 meters (max.) below the Martian 

surface. All three investigations provide useful infor-

mation on both inorganic and organic compounds in 

Martian regolith and sedimentary bedrock. However, 

RLS & MicrOmega focus primarily on mineral identi-

fication/composition, while MOMA targets the charac-

terization of organic molecules present at trace abun-

dances (ppbw-levels), such as those previously detect-

ed in situ [5]. In order to meet these objectives, 

MOMA offers two operational modes [1-2,4]: pyroly-

sis/chemical derivatization, and LDI (Laser Desorption 

and Ionization). Here we continue earlier work [6] de-

scribing MOMA capabilities to characterize minerals 

via LDI-MS at (relatively) high laser energies. This is 

particularly important, as the science goals of the  

ExoMars rover [7] require a thorough understanding of 

how organic compounds are associated spatially with 

minerals and/or other rock phases that may be abiogen-

ic or biogenic, just like the organic molecules that 

MOMA is searching for. 

Samples:  Three minerals relevant to Martian sur-

face mineralogy were explored in this study (Table 1). 

Similar to the precursor experiments [6], coarse-

grained (grain sizes ≥10 mm), monomineralic and fair-

ly homogeneous samples were selected in order to fa-

cilitate multiple LDI-MS analyses of each sample and 

to examine reproducibility of the acquired spectra. All 

samples were prepared as petrographic thin sections in 

order to assess mineralogical homogeneity by optical 

and polarization microscopy. Additionally the mineral 

targets were characterized by (i) Raman spectroscopy 

(alpha300, WITec Inc., Fig.1), (ii) EDX/WDX electron 

microprobe (JEOL JXA 8900 RL), and (iii) 3D laser 

scanning microscopy (Keyence Inc.) in order to esti-

mate the depth of ablation following LDI-MS pro-

cessing. The Raman setup employed here mimicked the 

RLS, though small differences in performance are still 

to be worked out. EDX/WDX was used to determine 

the major element composition (Table 1) and to quanti-

fy chemical heterogeneity across the target. 

mineral stoichiometry (WDX) 
forsterite WO5, 

Sapat, Kohistan, Paki-

stan – ultramafic ser-

pentinite complex 

with olivine veins,  

35°3’N, 73°47’E 

Mg1.87Fe0.13Mn0.002Ni0.007Si2.01O4 

~ Fo93  

[ideal: Mg2(SiO4)] 

diopside WO7, 

Aaheim, Norway, 

veins in ultramafic 

complex 

Ca0.98Na0.013Mg0.84Fe0.12Cr0.004 

Mn0.003Ni0.003Si2.00O6 

~ Wo50En44Fs6  

[ideal: CaMg(Si2O6)] 
ferrosilite WO10, 

Mansjöberg,  

S-Härjedalen,  

Sweden, Fe mine in 

metamorphic lime-

stones 

Fe1.50Mg0.35Mn0.083Ca0.028Al0.023 

Si2.00O6 

~ Fs80En19Wo1 

[ideal: Fe2Si2O6] 

Table 1 List of minerals used. The ‘ideal’ stoichiometry [in 

square brackets] refers to the mineral name (left column). 

 

 

 
Fig.1 Raman spectra of minerals in Table 1 (black solid 

lines). Spectra from the RRUFF data base are shown in red. 
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LDI-MS experimental setup:  The mineral targets 

were irradiated by bursts (5 shots) of UV laser pulses 

(λ = 266 nm, τ ~ 1.3 ns) at high energies (up to 100 

μJ/pulse) and an incident angle of ~45° to break chem-

ical bonds in the crystal lattice and effectively ablate 

the mineral for detection by a linear ion trap (LIT) 

mass spectrometer. The footprint of the beam was el-

liptical in shape with a major axis of typically 0.4 mm, 

resulting in irradiances up to >0.1 GW cm
-2

. During a 

given burst, the ion guide/pressure gate system allowed 

for continuous flow of ablated and ionized material to 

enter the LIT; hence, each burst produced a single mass 

spectrum. The setup used the MOMA ETU (Engineer-

ing Test Unit) and a commercial laser system with 

analogous performance to the MOMA flight laser. [6] 

Results:  Fig. 2 shows averaged mass spectra for 

the MOMA-LDI caltarget (“scratched” CsI, coated 

with ~140 nm Au) and for the minerals from Table 1.  

 

 

 

 
Fig.2 Representative mass spectra of MOMA-LDI caltarget 

& minerals in Table 1 (averages of 10 consecutive spectra, 

each derived from 5 laser shots) smoothed by a moving av-

erage over three adjacent data points. Prominent peak as-

signments (including masses & stoichiometric formulae) 

have been identified but require further study for confirma-

tion. Organic contaminants are marked in red. 

 

Although all of the samples investigated here 

showed some ablation at laser energies as low as 30 – 

50 μJ/pulse, the spectra shown in Fig.2 were acquired 

at higher laser intensities in the range 50 – 100 μJ/pulse 

for appropriate ion loading of the LIT. In particular, 

care was taken to (i) always measure the caltarget and 

verify instrument performance prior to the analysis of 

each sample, and (ii) acquire all mineral spectra at the 

same LIT ion loading conditions as the accompanying 

caltarget spectra. Updated experimental protocols have 

improved considerably the accuracy of LDI spectra as 

compared to formerly acquired data [6] so that the 

peaks identified in Fig.2 are accurate in mass to within 

±0.2 Da. Further analyses are planned for these sam-

ples, such as LIT operation in SWIFT mode (Stored 

Waveform Inverse Fourier Transform), which allows 

narrow mass ranges of the original spectrum to be se-

lected and enhanced for diagnostic disambiguation of 

molecular fragments [2]. 

Conclusions and outlook:  We have shown that 

three different key minerals frequently encountered at 

the Martian surface (Mg-rich olivine, ortho- and clino-

pyroxene) have distinct LDI spectra. Under constant 

LIT ion loading conditions and invariable laser param-

eters, MOMA-LDI spectra are stable, reproducible, 

and provide insight into the chemical composition of 

the irradiated mineral phase that may host trace organ-

ics. Progress has also been made in terms of calibration 

and accuracy of LDI mass spectra. Therefore, formerly 

acquired spectra cannot be directly compared to those 

presented here. The goal of identifying unambiguous 

MOMA-LDI “finger prints” for minerals has not yet 

been reached. Specifically, formerly acquired LDI 

spectra [6] on another forsteritic olivine of similar 

composition (Fo-91.3-91.5) have not been reproduced 

(except for a common peak at 136.15 Da, assigned to 

Mg3O4 and marked in Fig.2). LDI spectra depend also 

on the physical state of the sample (e.g. surface finish-

ing of thin sections, grain sizes of pulverized samples), 

a feature that must be studied in greater detail. 
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