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AbstrAct

The relatively recent entry of field emission electron microprobes into the field of microanalysis 
provides another tool for the study of small features of interest (e.g., mineral and melt inclusions, ex-
solution lamellae, grain boundary phases, high-pressure experimental charges). However, the critical 
limitation for accurate quantitative analysis of these submicrometer- to micrometer-sized features is 
the relationship between electron beam potential and electron scattering within the sample. To achieve 
submicrometer analytical volumes from which X-rays are generated, the beam accelerating voltage 
must be reduced from 15–20 to ≤10 kV (often 5 to 7 kV) to reduce the electron interaction volume 
from ~3 to ~0.5 mm in common geological materials. At these low voltages, critical Ka X-ray lines 
of transition elements such as Fe are no longer generated, so L X-ray lines must be used. However, 
applying the necessary matrix corrections to these L lines is complicated by bonding and chemical 
peak shifts for soft X-ray transitions such as those producing the FeLa X-ray line. It is therefore ex-
tremely challenging to produce accurate values for Fe concentration with this approach. Two solutions 
have been suggested, both with limitations. We introduce here a new, simple, and accurate solution to 
this problem, using the common mineral olivine as an example. We also introduce, for the first time, 
olivine results from a new analytical device, the Extended Range Soft X-ray Emission Spectrometer.
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introduction

The electron probe microanalyzer (a.k.a., electron micro-
probe) has been an invaluable tool for Earth and planetary science 
since 1958, when its inventor Raimond Castaing and researcher 
Fredriksson (1958) determined that tiny (<60 mm) spherules 
found in deep-sea sediments were in fact extraterrestrial, by 
matching spherule compositions to the unique Fe:Ni signature 
of iron meteorites. Over the intervening five decades, the elec-
tron microprobe has been essential in virtually every aspect of 
geochemistry, mineralogy, and petrology of both terrestrial and 
extraterrestrial materials.

Electron microscopes and microprobes traditionally have 
used bent tungsten wire filaments as their beam source (and 
occasionally LaB6). Over the past decades, many scanning 
electron microscopes (SEM) and transmission electron micro-
scopes (TEM) have switched to cold field emission (FE) gun 
beam sources. These FE electron sources provide brighter beams 
(smaller diameter, higher electron flux) relative to the traditional 
sources (Vladár and Postek 2009), making images from FE SEMs 
significantly sharper and providing higher spatial resolution 
images. However, the long-term instability of cold-emission 
sources makes them inadequate for the demands of quantitative 
analysis. The advent of thermal Schottky emission-type sources, 
which facilitate similarly small beam diameters but are more 
stable, represents a key advance that enables not only equivalent 

imaging to FE SEMs but higher spatial resolution quantitative 
analysis than traditional electron microprobes.

An example is given in Figure 1, where a secondary electron 
image (SEI) of an iron oxide crystal in NIST glass K409 (de-
scribed in Fournelle et al. 2016) was taken with a JEOL JXA-
8530FPlus electron microprobe. Here, the beam diameter can 
be determined using the edge resolution technique as described 
by Barkshire et al. (2000): the beam diameter corresponds to the 
distance over which some percentage change in signal intensity 
occurs in a scan over a sharp edge between two features. For 
the line crossing the interface in Figure 1a, the associated image 
intensity values are given in Figure 1b. Optimally, the adjacent 
dark and bright areas are “flat.” However, in reality there are edge 
effects in many instances, so an error function is fit to normalize 
each of the darker and brighter regions. Traditionally, the image 
resolution or “beam diameter,” is defined as the distance over 
which there is a signal rise from either 10 to 90%, 16 to 84%, or 
25 to 75%. Following this convention, the beam diameter could 
be defined correspondingly as 38, 58, or 72 nm. Current usage 
seems to prefer the intermediate 16–84% rise (International 
Organization for Standardization 2003).

However, even if electron images can be acquired with 10 
to hundreds of nanometer spatial resolution, the fact that an 
electron beam is generated by a field emission source does not 
change the fundamental physical processes by which electrons 
are scattered within the specimen and from which X-rays are 
generated. Indeed, to accurately probe small features, e.g., small 
inclusions, it is important to have a good estimate of the X-ray 
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