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Introduction: Two-dimensional (2D) X-ray diffraction (XRD) data can provide textural information about the mineral assemblage of a sample in addition to mineral identification by structure. 

Diffracted X-rays are recorded along Debye rings, with the radius of the ring representing the 2-theta angle of a particular diffraction condition for an irradiated crystal structure. We have applied 

the method of He [1] to estimate grain size by relating an integrated window on a 2D XRD detector to the volume of an irradiated material. Here, we perform an experimental study of 2D XRD 

grain size estimation on mineral powders with known sieve fraction grain sizes, and then apply this empirical method to the interpretation of 2D XRD data from the Mars Science Laboratory. 
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Grain size from χ-profile analysis: 

 The Ns term is calculated by integrating a 

Debye ring in χ (chi; azimuthal about the X-ray 

beam) and fitting an average intensity line to 

this χ-profile. Half the number of times the 

profile crosses the trendline equals the number 

of grains diffracting X-rays into the window. 

Effect of oscillation / convection: 
 In an additional experiment, pyroxene 

samples were also oscillated during data collec-

tion to observe the effects of grain motion on 

the grain size calculations in order to constrain 

the effects of granular convection on CheMin 

data [4]. The grain motion should increase the 

number of grains achieving diffraction condi-

tion, so the method should underestimate grain 

size. The oscillated data either fell within the 

sieve size bins or below by ~5 μm, suggesting 

that a similar calculation applied to CheMin data 

would similarly underestimate grain size. 

Can we use CheMin to constrain the grain sizes analyzed by Curiosity?  

 Note that this method was developed for 

analyzing spotty Debye rings and that we are 

not seeing spotty rings in the CheMin images. 

Questions need to be considered: are we sim-

ply measuring the detector pixel density? Does 

the convection and lengthy integration times 

saturate the frames and mask any grain size ef-

fects? These factors and the instrumental setup 

suggests that our CheMin grain size calcula-

tions are underestimating grain sizes more so 

than our oscillated pyroxene data. Analyzing 

CheMin data of very short integration times 

should produce a more constrained grain size. 

Calibrating our calculation to the beryl-quartz 

standard, and pairing this equation with shorter 

duration data, should allow for grain sizes to be 

measured regularly on the surface of Mars and 

provide a technique for other planetary 

materials. 

Beryl-Quartz Standard Rocknest Cumberland John Klein 

Beryl: 9.8 ± 1.0 μm Plagioclase: 4.8 ± 0.7 μm Plagioclase: 4.8 ± 0.2 μm Plagioclase: 4.8 ± 0.2 μm 

Pyroxene: 7.0 ± 1.1 μm Pyroxene: 5.5 ± 0.7 μm Pyroxene: 5.1 ± 0.5 μm 

Olivine: 4.9 ± 0.9 μm Olivine: 2.6 ± 0.1 μm Anhydrite: 2.6 ± 0.4 μm 

The χ-profile grain size measurement technique was applied to 2D XRD frames collected by 

CheMin. Due to the granular convection (see elsewhere), these results should be underestimates of 

the grain size, which is observed in the beryl-quartz standard. The size range for the standard is 

given as 45 – 90 μm [4]; our Beryl grain size calculation returns a value at least 35 μm below this 

range. The laboratory pyroxene data suggest that there is a difference between the XRD grain size 

characteristics and mechanical sieve size fractions, in particular with the lower limits. The question 

remains whether the differences calculated in the grain sizes are due to inherent grain size 

variations or other factors such as data collection time or instrumental factors. 

Application to  

well-characterized  

pyroxene: 

𝑑 =  
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 This method [1] measures the grain size 

from a 2D XRD image as a function of the 

multiplicity of the Debye ring (phkl), the beam 

cross section A0 and divergence β, the linear 

absorption coefficient μ, and the number of 

grains (Ns) contributing to a diffraction ring. The 

integrated window on the detector is given by  

  arcsin[cosθ sin(∆χ/2) ]. 

The grain size (d) can then be measured as 
Sieve size (μm) <5 10 – 15 15 – 20  

Calculated size (μm) 15.11 ± 1.68 18.45 ± 3.64 18.00 ± 4.08 

20 – 25  25 – 38 38 – 45  45 – 63 

23.18 ± 1.25 24.97 ± 6.22 28.16 ± 10.82 57.91 ± 25.18 

2D XRD images for a 

sequence of grain sizes 

with both sieve and 

calculated sizes given. 

 Using the Bruker D8 Discover micro-X-ray 

diffractometer (μXRD) at the University of 

Western Ontario [2], the grain size measure-

ment method [1] was applied to a set of well-

characterized ferroan enstatite pyroxene sam-

ples [3]. The calculated grain sizes correlated 

well with the sieve size. The calculated grain 

sizes either fell within the sieve size bins, or just 

outside the bin by ± ~5 μm. Discrepancies may 

result from equation parameters, or from the 

pyroxene physical properties which may affect 

sieving. The close detector distance caused the 

equation to begin to underestimate grain size 

(≥10 μm) as the sieve sizes increased above 

~50 μm. This is likely the result of fewer 

diffraction spots reaching the detector for a 

given Debye ring. 

 

A χ-profile (a) and window of integration (b) for a 

10–15 μm sieve size pyroxene. 


