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Introduction:  Crystal size distribution (CSD) 

analysis is a non-destructive, quantitative method of 

understanding the crystallization history of a magma 

[1,2,3]; from which, signatures of magma mixing, ac-

cumulation, fractionation and multi-stage cooling histo-

ries can be identified and crystal residence times can be 

calculated [2]. As a result, CSD analysis enables exam-

ination of the magmatic and thermal history of plane-

tary-scale processes.  

Traditional CSD data collection is often time-

intensive, requiring the manual tracing of crystals with-

in a sample from a digital image e.g., [4,5]. 

QEMSCAN is an automated quantitative petrology 

system that combines scanning electron microscopy 

with energy-dispersive spectrometry to produce high-

resolution mineral maps.  

Here, we have used Apollo 15 mare basalt samples 

to investigate the feasibility of using QEMSCAN for 

semi-automated crystal size distribution analysis. This 

work is part of a wider project to understand the petro-

genetic relationship between the Apollo 15 quartz-

normative and olivine-normative suites [6]. We present 

plagioclase, pyroxene and olivine CSD data for five 

Apollo 15 mare basalt thin sections (15597,12, 

15597,18, 15125,6, 15475,15 and 15555,209), gath-

ered using both manual and QEMSCAN methods. To 

fully assess the potential of QEMSCAN analysis, sam-

ples were selected to incorporate as many potential 

CSD trends as possible and reflect the range of crystal 

shapes and sizes within the Apollo 15 mare basalt col-

lection. 

Manual data collection: Backscattered electron 

(BSE) maps were collected using an FEI QUANTA 

650 field emission gun (FEG) scanning electron micro-

scope (SEM) at the University of Manchester. Data 

were collected at a resolution of 0.98 µ/pixel. The crys-

tal edges of the mineral(s) plagioclase, pyroxene and 

olivine were manually traced from the BSE maps in 

CorelDraw X6. Crystal shapes were then analysed us-

ing ImageJ version 1.51 [7] to attain properties such as 

major and minor axis length. The 2D crystal data were 

processed using CSDslice [8] to estimate true 3D crys-

tal shape, before stereologically converting into 3D 

crystal lengths using CSDcorrections [4]. The natural 

logarithm of the crystal population density was then 

plotted against corrected crystal length to produce a 

CSD graph.  

QEMSCAN data collection: The FEI QEMSCAN 

at the University of Manchester operates using a 

QUANTA 650 FEG SEM, equipped with a single 

Bruker XFlash energy dispersive X-ray spectrometer 

(EDS). The QEMSCAN software, iExplorer, uses a 

combination of EDS spectra and BSE brightness to 

assign a mineral to each pixel using a Species Identifi-

cation Protocol (SIP) list. The SIP list is a series of 

pre-defined mineral definitions that can be entered by 

the user. Samples were classified using a SIP list spe-

cifically especially set up for lunar samples. Mineral 

phase maps of each sample were acquired using step 

sizes (i.e. pixel sizes) of 5, 10 and 20 µm to understand 

the effect of resolution on the final CSD analysis. All 

mineral phase maps were analyzed using processors 

found in iExplorer. The granulator processor was used 

to extract crystals of a specified mineral from the min-

eral map. The touching particles processor was used to 

separate touching crystals. When used in combination, 

these two processors allow crystals of a particular min-

eral to be separated and displayed. Crystals from each 

sample were than analyzed using ImageJ, CSDslice and 

CSDcorrections in the same way as the manually col-

lected data (Fig.1).  

 

Figure 1. Flow diagram summarising the steps in-

volved to produce CSD plots using manual and 

QEMSCAN methods.  

 

Results: CSD plots of population density against 

crystal length were produced for pyroxene crystals in 

15597,12, 15597,18, 15125,6 and 15555,209; plagio-

clase crystals in 15475,15; and olivine crystals in 
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15555,209. In all samples except 15555,209, we ob-

serve differences between the CSD trends produced 

from manual and QEMSCAN-derived data (Fig.2).  

 

Figure 2. CSD plots for sample 15125,6. (a) CSD 

plots where Q5, Q10 and Q20 correspond to 

QEMSCAN step sizes of 5, 10 and 20 µm, respective-

ly. The short-, intermediate- and long-axis ratios (x, y, 

z) and R
2
 value for the 3D crystal shape estimates are 

also shown for each plot. (b) Reprocessing of the data 

sets in (a) using the same 3D crystal shape.  

 

In most cases, the manual data result in CSD trends 

with shallower gradients that extend to larger crystal 

lengths than the QEMSCAN CSD data. The 3D crystal 

shape estimates from CSDslice are near-identical for 

QEMSCAN data collected at different step sizes; how-

ever, the 3D crystal shape estimates for manually de-

rived CSD data often have larger long-axis values 

compared to QEMSCAN data. Discrepancies in the 

CSD plots between manual and QEMSCAN-derived 

data can be resolved by reprocessing all data sets with 

the same 3D crystal shape estimate (Fig. 2a). The 3D 

crystal shape estimate, in this case, was calculated by 

taking a weighted average (based on R
2
 values) of 3D 

crystal shape estimate from the QEMSCAN data at 5, 

10 and 20 µm step-sizes. However, whilst such pro-

cessing masks an underlying segmentation issue that 

most strongly affects the longest crystals in the sample. 

We find that the iExplorer touching particles processor 

often fails to identify and separate elongate crystals 

that are in contact with other crystals. This inefficient 

segmentation causes long crystals to be split into mul-

tiple smaller-length crystals, and therefore artificially 

reduces the long (z) axis portion of the 3D crystal 

shape estimate calculated in CSDslice. The underesti-

mation of the number of long crystals, combined with 

the underestimation of crystal aspect ratio, results in 

QEMSCAN-derived CSD plots with artificially steep-

ened gradients that extend to shorter crystal lengths 

(Fig. 2a). Not only does this effect the ability to recog-

nizes signatures of certain magmatic processes, but 

calculations of crystal residence times can also differ 

by up to a factor of ~8. In the case of 15555,209, the 

two methods produced CSD plots which fell within 

error of each other at step-sizes of 5 and 10 µm. This is 

due to 15555,209 consisting of coarser, rounded crys-

tals touching only in a few places, which are more easi-

ly separated by the touching particles processor.   

Conclusion: Differences between data collected by 

manual and QEMSCAN methods were seen in four out 

of five of the Apollo 15 mare basalt samples in this 

study. Such differences have the potential to influence 

petrologically important signatures of crystal accumu-

lation and/or fractionation and calculations of crystal 

residence times. The texture and crystal habit of the 

sample plays and important role as to how well the 

touching particles processor performs, affecting the 

overall reliability of the QEMSCAN data. QEMSCAN 

should only be used for CSD analysis after careful con-

sideration of the suitability of the samples texture and 

average crystal habit.  
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