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• Crystal Size Distributions (CSDs) represent a method of exploring igneous textures 
quantitatively [1-3], by manually tracing crystals, which can be an arduous task with 
potentially significant user bias. 

• Failure to trace ALL of the crystals within a sample will result in population density numbers 
that are erroneously low.

• This study explores the effects of incomplete crystal traces and experiments with 
calculations to approximate the correct y-intercept value of a CSD.
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• Method 3, utilizing the average crystal minor axis and the perimeter of the sample area 
appears robust for this sample but needs to be tested on alternative lithologies. 

• Using incomplete CSDs to generate an accurate y-intercept is viable, so long as the 
estimated percentage of crystals traced is reasonable and the partial CSD’s slope is 
representative of the entire sample.
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Figure 1. (A) Photomosaic of martian nakhlite meteorite MIL 03346,9 in plane-polarized light. 
(B) The sample area trace. (C) Traces of the pyroxene crystals. (D) The adjusted sample area 
trace used in Method 2. The red bar represents two millimeters for all images.. 

• Crystal traces were performed using a method similar to [4] until every pyroxene 
crystal had been traced (Fig. 1C). Pyroxene crystals in contact with the edge of the 
sample area cannot be definitively shown to be complete and were not traced. 

• The number of crystals used for CSD calculation was reduced in steps of 10% (~30 
crystals) by randomly deleting individual crystals. This resulted in ten separate crystal 
datasets, representing CSD completion percentages from 10% to 100% (Table 1). 

• Each data set was then processed individually through CSDSlice [2] and 
CSDCorrections [3] to create ten separate CSD profiles that each represent a different 
level of CSD completion (Figure 2). 

The data from each CSD were then examined to explore if the percentage of crystals 
traced could be accurately calculated without knowing how many crystals are present in 
a 100% complete CSD trace. Three separate methods were used:

Method 1:
𝑺𝒖𝒎 𝒐𝒇 𝒕𝒉𝒆 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒓𝒚𝒔𝒕𝒂𝒍𝒔 ÷ 𝑺𝒂𝒎𝒑𝒍𝒆 𝒂𝒓𝒆𝒂

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝒓𝒆𝒑𝒐𝒓𝒕𝒆𝒅 𝒎𝒐𝒅𝒂𝒍 𝒂𝒃𝒖𝒏𝒅𝒂𝒏𝒄𝒆 𝒐𝒇 𝒑𝒚𝒓𝒐𝒙𝒆𝒏𝒆 𝒊𝒏 𝑴𝑰𝑳 𝟎𝟑𝟑𝟒𝟔

Method 2: An identical approach to Method 1 but using a sample area trace that 
excluded all pyroxene crystals in contact with the edge of the sample area (Fig. 1D).

Method 3: Incorporated computation of the average minor axes of the crystals and 
multiplication by the perimeter of the sample as measured by ImageJ (the perimeter of 
the full sample, not of the adjusted sample area that was used in Method 2). This 
approximates the area near the perimeter of the sample in which an average crystal 
could not exist without contacting the edge of the sample.

• After having used these methods to estimate the percentage of crystals that had been 
traced in each CSD (Table 1), the following formula was used to approximate the y-
intercept of a 100% complete CSD: 

Results
• All of the partial CSDs, except 10%, produced similar slopes. This may not be the case for 

samples that have greater variation in crystal size and shape. 

• The CSD y-intercept decreased significantly as the completion percentage was reduced.

• Method 1 produced results 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 adjusted sample area trace, produced results that were higher than 
Method 1 but still did not fully replicate the 100% complete CSD.

• Method 3 best replicated the 100% complete CSD, utilizing the average crystal minor axis 
and the perimeter of the sample area.

• While the “Correct to phase abundance” feature in CSDCorrections produced less accurate 
CSD y-intercept values as CSD completion percentage decreased below 80%, Method 3 
produced y-intercept values that were within 3.7% of the 100% completion value until CSD 
completion percentage dropped below 20% (Table 2). At 10% CSD completion Method 3 
was more accurate than the “Correct to phase abundance” value was at 40% CSD 
completion. The accuracy of Method 3’s y-intercept approximations can be attributed to 
the partial CSDs having similar slopes to the 100% complete CSD.
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100% 299 4.88 -3.87 78.5% 88.1% 100.0%
90% 269 4.85 -3.98 70.1% 78.6% 89.2%
80% 239 4.78 -4.02 61.6% 69.0% 78.4%
70% 209 4.63 -3.98 54.6% 61.2% 69.6%
60% 179 4.38 -3.92 47.2% 52.9% 60.0%
50% 150 4.28 -4.02 38.9% 43.6% 49.2%
40% 120 4.02 -4.03 31.6% 35.4% 40.0%
30% 90 3.81 -4.07 22.6% 25.3% 28.5%
20% 60 3.42 -4.09 17.3% 19.4% 22.1%
10% 30 3.34 -5.64 7.5% 8.4% 9.5%
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100% 4.88 5.02 4.88
90% 4.85 4.96 4.96
80% 4.78 4.84 5.03
70% 4.63 4.66 4.99
60% 4.38 4.36 4.89
50% 4.28 4.19 4.99
40% 4.02 3.87 4.94
30% 3.81 3.57 5.06
20% 3.42 3.10 4.93
10% 3.34 2.70 5.69

Figures 2 and 3. Pyroxene CSDs for MIL 
03346,9 at various stages of completion and 
a corresponding plot of their slopes vs. 
y-intercepts.

Table 1. Pyroxene CSD slope and intercept data for MIL 03346,9 at various stages of completion. Also 
included are the estimated CSD completion percentages calculated using the methods in this paper.

Table 2. CSD y-intercepts calculated using Method 3 in this study, compared to results from the 
“Correct to phase abundance” feature in CSDCorrections. 

Figures 4 and 5. Figures 2 and 3 reproduced 
using the adjusted y-intercept values 
obtained by Method 3.
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𝑺𝒖𝒎 𝒐𝒇 𝒕𝒉𝒆 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒓𝒚𝒔𝒕𝒂𝒍𝒔 ÷ (𝑺𝒂𝒎𝒑𝒍𝒆 𝒂𝒓𝒆𝒂−  𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝒄𝒓𝒚𝒔𝒕𝒂𝒍 𝒎𝒊𝒏𝒐𝒓 𝒂𝒙𝒊𝒔 𝐱 𝑷𝒆𝒓𝒊𝒎𝒆𝒕𝒆𝒓 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆 𝒂𝒓𝒆𝒂 )

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝒓𝒆𝒑𝒐𝒓𝒕𝒆𝒅 𝒎𝒐𝒅𝒂𝒍 𝒂𝒃𝒖𝒏𝒅𝒂𝒏𝒄𝒆 𝒐𝒇 𝒑𝒚𝒓𝒐𝒙𝒆𝒏𝒆 𝒊𝒏 𝑴𝑰𝑳 𝟎𝟑𝟑𝟒𝟔
 


