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Introduction:  Crystal Size Distributions (CSDs) 

represent a method of exploring igneous textures quan-
titatively [1-3], but manually tracing crystals to perform 
these analyses can be an arduous task with significant 
user bias. The minimum number of crystals required to 
be traced to produce a viable CSD is often emphasized, 
but less frequently discussed is the importance of trac-
ing the highest possible percentage of crystals within 
sample areas. Tracing only a fraction of the crystals 
within a sample will result in population density num-
bers that are erroneously low, and that error can be car-
ried forward into plots of ln(population density) versus 
crystal size. Ensuring that CSD traces are as complete 
as possible improves the quality of collected data allow-
ing for definitive comparisons of CSDs from different 
samples. For planetary materials, incomplete tracing 
may be inevitable given limited masses of materials and 
uneven thin-section shaptes. This study explores the ef-
fects of incomplete crystal traces and experiments with 
calculations to approximate the correct y-intercept value 
of a CSD. 

 

 
Method:  To investigate the changes that a CSD 

may go through at various stages of completion, it was 
first necessary to select a CSD trace that was known to 
be complete. For this purpose a pyroxene CSD of mar-
tian nakhlite MIL 03346,9 was selected. Crystal traces 

were manually performed using a method similar to [4]. 
Pyroxene crystals that contacted the edge of the sample 
area were not traced, as it cannot be definitively deter-
mined that those crystals are complete. Element maps of 
the thin section were completed using a Cameca SX50 
electron microprobe, and these element maps were com-
pared to the crystal traces to ensure that no visible py-
roxene crystals had been missed and that no olivine 
crystals had been traced. 

Crystal traces were then exported to ImageJ© and 
the known scale of the images was used to determine the 
area, best-fit ellipse, and major/minor axis of each crys-
tal and the sample area itself. The completed trace in-
cluded 299 pyroxene crystals. 

The number of crystals on this list was reduced in 
steps of 10% (~30 crystals) by deleting individual crys-
tal data selected at random. This simulates partially 
completed CSDs and resulted in ten separate crystal da-
tasets, representing CSD completion percentages rang-
ing from 10% to 100% (Table 1). Each of these data sets 
were then processed individually through CSDSlice [2] 
and CSDCorrections [3] to create ten separate CSD pro-
files that each represent a different level of CSD com-
pletion. CSDCorrections measurement options were set 
to Ellipse Major Axis and the size scale was five 
bins/decade. The results of the 100% complete CSD 
agree with other reported values for MIL 03346 pyrox-
ene CSDs (e.g. [6]). 

The data from each of the individual CSDs were 
then examined 
to explore if 
the percentage 
of crystals 
traced could be 
accurately cal-
culated with-
out knowing 
how many 
crystals are 
present in a 
100% com-
plete CSD 

trace. Three separate methods were used. 
1. The sum of the areas of the crystals was divided 

by the total sample area, and then that number was di-
vided by the modal abundance of pyroxene in the sam-
ple. For MIL 03346 there are multiple reported modal 

 
Table 1. 10 pyroxene CSDs of MIL 
03346,9 processed at various stages of 
completion. 

 
Figure 1. Stitched photomosaic of Martian nakhlite 
meteorite MIL 03346,9 in plane-polarized light. 
The red bar represents two millimeters. 
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abundances of pyroxene (e.g., [5]), so an average of 
these numbers was used. 

2. An identical approach to the first, but using an ad-
justed sample area trace. A sample area trace was per-
formed that excluded all pyroxene crystals that con-
tacted the edge of the original sample area. These crys-
tals were previously excluded from the individual crys-
tal traces, but they had been included in the trace of the 
total sample area. 

3. Computation of the average minor axes of the 
crystals and multiplication to the perimeter of the sam-
ple as measured by ImageJ© (the perimeter of the full 
sample, not of the adjusted sample area that was used in 
method 2). This was done to approximate the area near 
the perimeter of the sample in which an average crystal 
could not exist without contacting the edge of the sam-
ple. The sum of the areas of the crystals was then di-
vided by the full sample area minus the product of the 
average crystal minor axis and sample perimeter. The 
resultant number was divided by the average reported 
modal abundance of pyroxene in MIL 03346. 

After having used these methods to estimate the per-
centage of crystals that had been traced in each CSD 

(Table 2), cal-
culations were 
used to ap-
proximate the 
y-intercept of 
a 100% com-
plete CSD 
(Table 3). The 

y-intercept 
values of each 
CSD, which 
are reported in 
terms of 
ln(population 

density), were converted to population density (eln(popula-

tion density) = population density) and these population den-
sity numbers were then divided by the calculated frac-
tion of crystals that had been traced, resulting in an ad-
justed population density number. The natural log of 
this adjusted population density was then calculated in 
order to approximate the y-intercept value of a 100% 
complete CSD. For comparison, all of the original crys-
tal data for each CSD completion percentage were once 
again input into CSDSlice and CSDCorrections, but this 
time the “Correct to phase abundance” option in CSD-
Corrections was utilized and set to the same pyroxene 
modal abundance that was used in all of the previous 
calculations in this study. 

Results and Discussion: All of the partial CSDs ex-
amined in this study produced similar slopes, with the 
exception of the 10% complete CSD. This is likely due 

to the uniformity of the pyroxene crystals in this sample, 
and may not be consistent for samples that have greater 
variation in crystal size and shape. Unsurprisingly, the 
y-intercept of the CSDs decreased significantly as the 
completion percentage was reduced. 

Method 1 resulted in numbers that were significantly 
lower than the true completion percentages. This is 
likely due to crystals that were excluded from the trace 

due to their 
contact with 
the edge of 
the sample. 
Method 2, 
using the ad-
justed sam-
ple trace, 

produced 
percentages 

that were 
higher but 
still did not 
fully repli-
cate the 

100% CSD. Method 3, utilizing the average crystal mi-
nor axis and the perimeter of the sample area, replicated 
the 100% CSD. 

The method used to approximate the y-intercept of a 
100% complete CSD using partial CSD data produced 
reasonable results for nakhlite MIL 03346,9. The accu-
racy of these approximations can be attributed to the 
partial CSDs having similar slopes to the 100% com-
plete CSD. At low CSD completion percentages (20-
70%) the y-intercept values calculated using this 
method were significantly more accurate than those 
achieved utilizing the “Correct to phase abundance” 
function of CSDCorrections, and at all completion per-
centages above 10% the results were accurate enough to 
provide the predictive approximation. 

Summary: The method (3) utilizing the average 
crystal minor axis and the perimeter of the sample area 
appears robust for incomplete CSDs but needs to be 
tested on alternative lithologies. The method using in-
complete CSDs to generate an accurate y-intercept is vi-
able, so long as the estimated percentage of crystals 
traced is reasonable and the partial CSD’s slope is rep-
resentative of the entire sample. 
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Table 2. Percentages of pyroxene crystals 
traced in partially completed CSDs calcu-
lated using the methods described in this 
paper. 

 
Table 3. y-intercept data from pyroxene 
CSDs of MIL 03346,9. Calculations were 
performed using the data from Method 3 
in this abstract. CSDCorrections© data is 
provided for comparison utilizing the 
“Correct to phase abundance” feature. 
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