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What are CSDs?
• Crystal Size Distribution analyses allow us to determine 

between endogenic or impact processes [1].  
• CSDs are a non destructive method to quantify crystal 

textures. 
• They are rooted in the relationship of crystal population 

density of a given size.
• This relationship is fundamentally linked with nucleation 

and growth of mineral phases within a crystallizing body
[2].

How CSDs are Normally Made

• Digital photomosaics are imported into Adobe Photoshop.
• The minerals of interest are carefully traced by hand with a

stylus.
• This is a tedious and labor intensive process.
• A pixel analysis of the tracing is conducted by ImageJ

providing each minerals area and dimensions [3].
• Results imported into CSDslice [4], and then CSD-Corrections

v1.3 [4] to determine the 3-D crystal size distribution.

We present an automated method to generate CSD
traces using an image filtering pipeline (Fig. 1), which can be
parallelized to identify multiple crystal phases
simultaneously (Fig. 2). This pipeline is built on the OpenCV
library, and is wrapped in an executable, Python-based
UI (Fig.3) which automatically produces the crystal trace and
fill layers required for a CSD.

Automated CSDs

Automated CSD Trace Method: Figure 1

A Photomosaic is created of 
the sample in XP light

A HSV (hue, saturation, 
value) filter is applied to the 
image to isolate the 
brightest regions. Then a 
soft blur is applied to the 
image to filter particulates.

A RGB (red-green-blue) 
color filter is applied to the 
original image to isolate the 
crystals. As in step (2), a 
soft blur is applied to filter 
particulates.

The two masks are then 
combined to isolate the 
crystal phase (plagioclase in 
image). The user can then 
review the output and edit 
it as needed.

Figure 3: CrystalViewer user interface. This UI allows the user to run one or more 
instances of the pipeline outlined in Fig. 1 to generate CSD trace images, given 
crystal phase(s) of interest. HSV and RGB values for each filter can be calibrated 
using a dropdown menu, or using the built-in color picker tool to directly lift 
values from the input image. For large images, the pipeline can be run on a 
selected sample to test the performance of different configurations. This software 
is now packaged as a deliverable ready for release.

Results: Hand Drawn vs. Automated Summary and Conclusions
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Figure 4: (left) Plotted CSDs for Boltysh samples studied. Inset: CSD Profile 
comparison of the new automated method (red) and the manual method 
(yellow) of the same sample (B50-685). For a given CSD slope, population 
density has a positive correlation with the intercept. When manual crystal 
count is proportionally increased (cyan) to the crystal count of the automated 
method, it is statistically similar [6].   

• This program is being used to help generate a database of lunar and terrestrial impact CSDS to offer a direct comparison of the
nucleation and growth habits of plagioclase in terrestrial and lunar impact melts.

• Slope of automated CSD’s (fig.2) is similar to the hand-drawn method, which suggests the automated method is just as accurate (if not
more so) in correctly identifying crystal sizes. The automated method captures every crystal of interest, while the hand-drawn method
counts significantly fewer crystals (250 crystal counts for statistical significance). This explains the increase in y-intercept in the
automated method compared to the hand drawn method.

• The automated method has shown to be a faster and more accurate way of creating CSDs. This rapid and non-destructive method will be
used to continue to expand the lunar and terrestrial impact melt data base (Fig. 4).

• This software is now in deliverable form. In future releases (under current development) we hope to automate more aspects of the entire
CSD creation process.

• CSDs produced by this automated method (Fig 3.) are 
based on crystal populations that are above the 250 
crystals statistical significance threshold [5].  

• The slope and y-intercept of these CSDs (Fig 4) are 
calculated using only crystals that are >0.3 mm in 
length (as per [5]) as smaller size bins have a reduced 
population due to a loss in visual resolution of the 
image (Fig 3).

Automated CSD Trace Method: Figure 2

The color picking tool:  An input image is filtered with the method detailed in 
Figure 1. Using the color picker tool, select two colors, isolating two different 
crystal populations. These images are then combined into a single output image. 
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