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Introduction: The ELXS concept is a novel, portable, 
micro-instrument [1] targeted for rapid, non-contact 
detection of chemical-elemental composition and min-
eralogic signatures of past and extinct life on the sur-
face of planetary bodies such as Mars. The ELXS 
builds on the JPL-pioneered concept of electron-
induced x-ray fluorescence (XRF) analysis to deter-
mine chemical-elemental composition of samples in 
situ in ambient atmosphere [2]. The analysis is per-
formed in a manner similar to a laboratory electron 
microprobe; however, since they do not need to be 
drawn into the vacuum of the electron source, the in-
spected samples are in their pristine state. The enabling 
technology for in situ operation is a microfabricated 
electron transmissive membrane that isolates the 
source vacuum from the planetary atmosphere [3]. An 
electron beam generated in the slectron source is 
transmitted through the membrane and excites charac-
teristic XRF from surfaces of irradiated samples. In 
comparision to other in situ XRF techniques (such as 
the Alpha Proton X-ray Spectrometry and X-Ray In-
duced Fluorescence) ELXS offers short (minute-scale) 
spectrum acquisition time and (consequently) low en-
ergy (~50 J) consumption per acquired spectrum, and a 
much higher spatial resolution (irradiated spot size less 
than 1 mm).  If implemented as a complementary in-
strument to those techniques, AEXS would extend 
their spatial resolution from the cm to the sub-mm 
scale.  In addition, by varying the working (membrane-
sample) distance from a mm to several cm, the size of 
the irradiated spot can be varied from several hundred 
micrometers to about one cm, allowing scientists to 
perform observations on a series of reducing scales.  

 

Background: The ELXS development program was 
initiated in 1999, with the goal to demonstrate the vi-
ability of thin electron transmissive membranes for 
vacuum isolation of the electron column. The initial 
effort has been followed by investigations of the po-
tential of electron induced cathodoluminescence (CL) 
to detect minerals such as carbonates, which exhibit 
CL.  The latter effort relies on the fact that the imping-
ing electrons may also excite CL spectra.  The combi-
nation of CL and XRF analyses should enhance the 
ability to detect characteristc morphological features 
such as potential relic textures embedded within a rock 
or soil matrix, and distinguish between minerals that 
may suggest biogenesis (carbonates and phosphates) 
from those that probably do not. The instrument is 
envisioned to perform on freshly exposed rock sur-
faces or soil grains to determine rough bulk elemental 
composition, followed by focusing the electron beam 
onto submillimeter size areas for more detailed analy-
sis of spatial  distribution. If the results appear interest-
ing, additional points may be sampled or other more 
energy consuming instruments may be employed for a 
more precise investigation. If successful, a complete 
instrument system for Mars exploration would also 
include a visual light camera capable of imaging the 
area being analyzed in both ambient light and CL 
modes. CL is widely used for the illumination of vari-
ous textures in sedimentary rocks and may be useful in 
illuminating features that would be over looked in am-
bient light conditions. 
 
Progress in Instrument Development: We report on 
our progress to date. Using a laboratory setup at JPL, 
XRF has been excited from several samples located in 
air and/or in a reduced atmosphere in an environmental 
chamber. Fig. 2 compares XRF spectra obtained from 
a Waspaloy standard in SEM without and with the 
intervening membrane, and in the ELXS laboratory 
setup using a 10 keV electron beam. All peaks occur at 
their correct locations, the lines are  broadened due to 
the interaction with the outside air and decreased reso-
lution of the XRF detector. XRF spectra for mineral 
samples were more complex, partly due to minerals 
composition, the lack of sample preparation and sur-
face roughness of the exposed surface. Analyses of fos-
silized microbial communities for the 2.1 billion year old 
Gunflint sample (Fig. 3) showed significant differences be-
tween microfossil-containing regions and the host rock. CL 
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Fig. 1. ELXS instrument concept consisting of an encapsulated 
electron gun and X-ray and CL detectors. 
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measurements, made on the same samples, should provide 
corroborative information showing differences between the 
biotic and abiotic sample portions. 
 

Biogenic Signatures: One of the goals of this project 
is investigate any possible variations in CL spectra 
between carbonates formed or altered by biogenic ac-

tivity and those formed through abiotic processes.  
Detectable CL in Mars meteorites including 
ALH84001 [4] is mentioned in the literature [5,6]. As 
suspected in ALH84001, carbonates may contain bio-
genic material. Chemical analysis of carbonate grains 
in ALH84001 show considerable variation and include 
essentially Fe-free members [7]. The presence of Fe-
free carbonates makes CL for these minerals more 
plausible.  
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Fig. 3: EDS spectrum for cells vs. mineral in the Death 
Valley sample. A multitude of elements are typical of the 
cellular composition while the mineral, gypsum, gives 
only Ca and S. The high Si content is typical for the 
groundwater in the area. 
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Fig. 2. X-ray spectra obtained from a Waspaloy (about 
59%Cr, 19% Ni, 12% Co, 4% Mo, 3%Ti) standard. (a) in 
SEM without and with the intervening membrane using EDS 
detector, (b) in SEM and ELXS setup using the Amptek de-
tector using .10 kV electron beam. All peaks occur at their 
correct locations, Si peaks occur due to electron-membrane 
window interaction, and lines in (b) are broadened due to the 
poorer resolution of the detector. 
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