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AnalyZr: A Python application for zircon grain image segmentation and 
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A B S T R A C T   

Zircon grain shape is traditionally interpreted as a product of the physico-chemical conditions during crystal 
growth and may be modified during grain transport processes. The analysis of magmatic zircon grain shape has 
been proposed to inform on crystallization conditions, whereas detrital zircon grain shape has been proposed to 
complement traditional sediment provenance analysis. Shape parameters can be automatically measured from 
digital images of zircon mounts; however, this requires extraction of individual grain boundaries for measure-
ment. Existing image segmentation software may require the use of proprietary languages, or knowledge of 
scripting to develop automated image segmentation routines, and is typically not tailored towards the geo-
sciences. Furthermore, the separation of touching zircon grains in images remains a challenge for existing al-
gorithms. To facilitate zircon grain shape analysis, we present AnalyZr, an open-source graphical Python 
application designed to segment reflected and transmitted light images of zircons mounted in resin. A new 
segmentation algorithm is implemented to improve the separation of touching zircon grains. Shape parameters 
are automatically measured from the segmented images and may be output to a .csv or .mdb file. Two case 
studies demonstrate the use of the application in resolving geologically relevant information in zircon grains 
sourced from: i) compositionally and age-distinct granite, diorite, and gabbro samples from across Western 
Australia, and ii) age-distinct detrital zircons from the Canning Basin, Western Australia.   

1. Introduction 

Zircon grain shape has been proposed as a useful complement to 
traditional isotopic provenance tools, in an effort to better interpret 
detrital mineral origins and transport histories (Kirkland et al., 2020; 
Makuluni et al., 2019; Markwitz et al., 2017; Markwitz and Kirkland, 
2018; Shaanan and Rosenbaum, 2018; Zeh and Cabral, 2021). The 
identification of sediment sources has been aided by the similarities 
between source and detrital zircon grain shape parameters (Makuluni 
et al., 2019; Markwitz and Kirkland, 2018; Yue et al., 2019). Zircon 
grain shape has also been used to infer sedimentary recycling and 
sediment transport mechanisms (Barham et al., 2016; Chae et al., 2021; 
Kirkland et al., 2020; Shaanan and Rosenbaum, 2018; Zeh and Cabral, 
2021; Zoleikhaei et al., 2016). Despite modification during sedimentary 
transport, zircon grain shape parameters may be partially retained from 
the ultimate crystalline source to the depositional sink, with some shape 
parameters (e.g. minor axis) having better preservation potential than 

others (Makuluni et al., 2019; Markwitz and Kirkland, 2018). Zircon 
grain shape thus has potential to provide additional information with 
which to identify source regions of detrital zircon grains. This is of 
particular value when potential sources have non-unique U-Pb crystal-
lization ages (Makuluni et al., 2019). Despite this, zircon grain shape is 
currently under-investigated, as it can be both laborious and time 
intensive to accurately capture grain shape information from images 
using currently available tools. 

Magmatic zircon shape is likely influenced by the chemical and 
physical conditions in the primary melt at the time of crystallization 
(Benisek and Finger, 1993; Pupin, 1980; Vavra, 1993). Grain shape 
properties will be modified to varying degrees via abrasion and disso-
lution during sediment transport and intermediate storage (Balan et al., 
2001; Morton and Hallsworth, 1999). Post primary crystallization (re) 
growth processes may also serve to modify original grain morphologies 
through recrystallization and subsequent igneous or metamorphic 
overgrowths (Corfu et al., 2003). Nonetheless, a link through zircon 
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Fig. 1. The zircon grain image segmentation and shape analysis workflow comprises three stages: (i) Data Capture, in which the image scale and position of 
analytical spots and unwanted objects are captured by the user. (ii) Image Segmentation, in which reflected and/or transmitted light images of zircon grains are 
converted into a black and white (binary) image and touching zircon grains are separated. The boundaries of individual zircon grains are returned to the user. (iii) 
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shape between primary source rock and subsequent denuded product 
reflects a legacy of the magmatic controls on the original zircon crystal 
growth. Simple shape metrics such as minor axis, major axis, area, 
perimeter, and derivative parameters such as aspect ratio, roundness, 
and circularity, have been used for zircon grain shape characterisation 
with promising results (Barham et al., 2016; Chae et al., 2021; Makuluni 
et al., 2019; Markwitz and Kirkland, 2018; Shaanan and Rosenbaum, 
2018; Yue et al., 2019; Zeh and Cabral, 2021). However, there is limited 
clear understanding of the quantitative relationships between zircon 
crystal shape, source rock, and sedimentary transport distance and 
mechanisms (Zeh and Cabral, 2021). 

Zircon shape analysis can be accommodated directly into the routine 
workflow for U-Pb isotopic analysis with theoretically minimal effort. 
Sample zircon grains are typically cast into epoxy resin, which provides 
a firm substrate in instruments that require high vacuum conditions for 
analysis. Mounting facilitates polishing to half grain thickness to expose 
internal growth morphologies for imaging and isotopic analysis. Imag-
ing is usually completed prior to U-Pb isotopic analysis using light mi-
croscopy or scanning electron microscopy (SEM) under various 
detectors. Zircon grain shape measurements may therefore be extracted 
from the images of polished mounts required as part of standard 
geochronology processes. 

With the advent of modern computing, an increasing number of tools 
have been developed towards automating shape analysis in various 
disciplines, increasing measurement accuracy, objectivity, and 
throughput. Digital particle segmentation and measurement are 
frequently carried out using software such as ImageJ (Abràmoff et al., 
2004; Schneider et al., 2012). There is a significant improvement in 
speed and accuracy afforded by image analysis software over manual 
measurement; however, these applications are most frequently designed 
with the biosciences in mind (Schneider et al., 2012; Tunwal et al., 
2020). Limited development has been geared towards the geosciences 
(Tunwal et al., 2020) with, to our best knowledge, none customised for 
zircon shape analysis. 

The extraction of shape parameters from digital imagery presents 
challenges. Shape parameters may be extracted only after manipulation 
to convert a colour image into a black and white image that clearly 
distinguishes foreground from background, a process termed binarisa-
tion. Once a binary image is obtained, the user must further separate 
clustered particles for measurement. A persistent challenge in zircon 
grain imaging is the poor separation of particles with shared boundaries, 
as in the case of touching and overlapping grains. This challenge may be 
addressed prior to imaging, by taking care to minimise touching grains 
when preparing loose particles for imaging (Campaña et al., 2016; Shoji 
et al., 2018; Tunwal et al., 2020). Methods of pre-image grain separation 
may have limited success and at times may not be possible. Grain sep-
aration thus must be dealt with in the image analysis phase by removing 
particles with shared boundaries (e.g. Campaña et al., 2016; Cox and 
Budhu, 2008; Shoji et al., 2018), applying separation algorithms to 
segment grains (e.g. Maitre et al., 2019; Markwitz and Kirkland, 2018), 
or by manual editing or tracing of grain boundaries (Tunwal et al., 
2020). Automated separation routines may have limited success on 
zircon grains. The workflow for extracting zircon grain boundary in-
formation thus has significant scope for improvement in speed and 
accuracy. 

Existing image segmentation applications may present users with a 
steep learning curve due to: (i) the large number of image pre-processing 
and separation procedures available, (ii) the use of proprietary software, 
(iii) the requirement of coding knowledge to automate a suitable image 
segmentation routine, (iv) the need to manually adjust segmentation 
algorithm parameters per image, or (v) the need to export images to 
additional imaging software for further editing. Here we present 

AnalyZr, a Python application for zircon grain shape analysis, designed 
to facilitate investigation into the use of zircon shape as a tool for 
provenance and magmatic system analysis. AnalyZr is free and open- 
source, and benefits from a simplified interface tailored to zircon 
shape measurement. It allows the user to simultaneously reference re-
flected and transmitted light images to extract zircon shape parameters; 
provides the user with an automated binarisation routine customised for 
these image types that requires no knowledge of coding; leverages an 
updated segmentation algorithm to aid the separation of touching zircon 
grains; and allows for manual image adjustment if required. The soft-
ware also provides the user with the ability to capture additional in-
formation associated with isotopically analysed grains. For example, 
analytical spot ID may be captured as it is useful for linking shape 
measurements to tabulated geochronological and geochemical data. 
Internal grain texture of isotopically analysed grains may be categorised 
via pre-defined text in a drop-down menu (e.g. homogeneous cath-
odoluminescence response or oscillatory zonation, etc.) or in a free-form 
comment. 

2. The application 

AnalyZr is designed to measure shape parameters from reflected and 
transmitted light images of zircon grains in polished epoxy mounts, for 
example those prepared for laser ablation-inductively coupled plasma 
mass spectrometry (LA-ICPMS) or secondary ionization mass spec-
trometry (SIMS). To achieve image segmentation, the application exe-
cutes automated image binarisation, and automated separation of 
touching grains using a custom separation algorithm. Additionally, it 
enables manual adjustment of automatically defined grain boundaries 
and grain separations. The segmented binary image may be saved in . 
png format. The results of shape measurement may be output to a 
database table or written to a .csv file. An overview of the application 
workflow is provided in Fig. 1. 

AnalyZr has been applied to 3-channel images up to approximately 
600 × 800 pixels in dimension and 2 megabytes in file size. Automated 
image binarisation and segmentation typically require a few seconds, to 
less than a minute in the case of large, complex images. Segmentation 
processing time is fastest for images with no touching grains and will 
slow as image size, number of grains in the image, and number of 
touching grains, increase. Manual edits to images will add to the pro-
cessing time, proportional to the degree of detail required by the user. 

2.1. Data capture 

Data capture is the first stage of the shape analysis pipeline. A folder 
of .png images is loaded for display via the Data Capture menu. While 
loading the images, the system will generate a .json file for each, if they 
do not yet exist. The user can step through the images sequentially, 
capturing information such as scale, analytical spot locations, and the 
positions of unwanted objects. This information is saved to the .json file. 
Each image file should be prefixed with the sample ID, which must be 
separated from the remainder of the file name by an underscore. As 
several images may belong to a single sample, prefixing with a sample ID 
allows the system to identify all images of a sample, and thus track spot 
ID’s and scale measurements across all relevant images. 

Zircon mounts are typically imaged prior to isotopic analysis to 
facilitate target selection. The location of analytical spots, where iso-
topic or chemical information was obtained, are frequently marked on 
the images by the user or recorded by the ablation system. The associ-
ated analytical data tends to reside in a dataset alongside the sample ID 
and analytical spot IDs. When processing images for shape analysis, it is 
advantageous to associate a zircon grain with its analytical spots, so that 

Once an image is fully segmented, the Measure Shapes phase will measure shape parameters on each individual zircon grain and save the results to either a .csv or . 
mdb file. 
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the grain’s shape parameters may be linked with the corresponding 
isotopic analysis e.g. age and chemical or isotopic composition. The 
application thus allows users to capture the location and ID of analytical 
spots that have been marked on the images. Analytical spot capture is 
initialised via the Data Capture\Digitise Spot command. The user can 
select a spot location by mouse-click and capture the associated spot ID 
via a pop-up dialogue box. The system tracks spot ID’s per sample across 
all images that share a sample ID prefix and will not allow the capture of 
duplicate ID’s for a sample. The spot ID is output alongside a grain’s 
shape measurements when measurement is performed. The user may 
thus use Spot ID as a key field to link grain shape measurements to 
isotopic data in their preferred data manipulation software. While 
capturing spot ID, the user is also able to select a cathodoluminescence 
texture from a drop-down list, and capture a free-form text comment, 
both of which are associated with the analytical spot. 

It may also be necessary to identify objects for removal, such as 
unwanted mineral phases, fragmented grains, bubbles, hairs, or other 
imperfections in the sample mount. Hence, the application has the 
functionality to mark objects for removal using the Data Capture\Mark 
for Deletion command. When shapes are measured, objects marked for 
deletion are removed prior to the shape measurement. 

An image scale is required to convert measurements into meaningful 
units. If a scale bar is present on the image, a user may specify the length 
of a linear scale in meaningful units using Data Capture\Capture Scale. 
Historical images may not contain a scale bar. In this case the image 
magnification may be approximated, for example by referencing the 
known or approximate size of the analytical spot drawn or captured on 
the image. When no scale bar is present, spot sizes may be captured 
using the Data Capture\Capture Spot Size command, which allows the 
user to draw a bounding box around the spot. The system tracks all spot 
sizes captured across all images for a given sample. From these, an 
average diameter is used to derive the image scale when shape mea-
surement is performed. Spots are currently taken to be 30 μm in diam-
eter as a working average when no more precise scale is available. 

2.2. Image segmentation 

Image segmentation is the second stage of the shape analysis pipe-
line. Reflected and/or transmitted light images are converted into a 
black and white (binary) image of zircon grains, from which shape 
measurements may be derived. Image segmentation may be accessed via 
the Image Segmentation Toolbox beneath the Segment Images menu. 

Under transmitted light, zircon grains typically display dark 
boundaries and a mottled interior that is dark relative to the back-
ground. Transmitted light images are thus expected to have a light 
background with dark objects in the foreground. When mounted in 
resin, zircon grains may be partially obscured by resin; however, under 
transmitted light the extent of the grain beneath the resin is visible. 
Transmitted light images thus offer the benefit of capturing grain extents 
with greater accuracy. In transmitted light the contrast variations within 
the grains have the disadvantage of causing unwanted internal contours 
(Fig. 2). 

Zircon grains are bright under reflected light and typically appear 
white. As such, the application expects light coloured objects on a darker 
background. Reflected light images are advantageous for capturing the 
internal area of the zircon but are frequently only sensitive to that 
portion of the zircon grain that is visible above resin. Hence, reflected 
light images may under-represent the extent of grain boundaries when 
zircon grains are mounted in epoxy resin (Fig. 2). Images with a similar 
light-dark profile, such as those derived from back-scattered electron 
SEM, will behave similarly to a reflected light image and may be 
segmented using the reflected light binarisation routine. 

Shape characterisation is improved through combining both re-
flected and transmitted light images of the same sample field of view 
(Fig. 2). Both images are expected to have the same dimensions in pixels. 
On occasion, both images may not be available, and only one image type 

Fig. 2. A comparison of binarisation results using: A) Reflected light image in 
isolation; B) Transmitted light image in isolation; and C) Transmitted and re-
flected light images in combination. 1: Under reflected light, the full extent of 
zircon grains may not be visible. Boundaries are more accurately captured 
under transmitted light. 2: Under transmitted light, light-dark contrast varia-
tions can lead to internal contours. Grain interiors are more accurately captured 
under reflected light. 
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may be present. The user thus has the option to binarise either one or 
both of the input image types. 

Binarisation is achieved through the Binarise command of the Image 
Segmentation Toolbox. Images are converted to greyscale, smoothed 
twice with a bilateral filter, and treated with an Otsu threshold using 
tools from the OpenCV package for Python (Bradski, 2000). Reflected 
light images undergo a hole-filling procedure achieved with the SciPy 
package (Virtanen et al., 2020) and transmitted light images are inver-
ted in colour. If both image types are available, the outputs are com-
bined. Object boundaries are derived from the resultant binary image. 

Boundaries are discarded if they contain less than three points or have 
an area of less than fifty pixels. 

Binarisation is affected by variable image lighting, image quality, 
and thickness of zircon grains in a mount which is a function of the 
polishing depth. Consequently, the user may wish to manually delete, 
edit, or re-digitise boundaries around zircon grains to produce a final 
segmented image that best represents true grain boundaries. This digi-
tisation functionality is accessed via the Grain Boundary Capture 
button of the Image Segmentation Toolbox. During this process, 
boundaries are overlain on the original images for visual referencing. 

Table 1 
Shape metrics output by the Measure Shapes command. Definitions of shape parameters area-convex 
area are provided by sci-kit image.org (2021). 
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The user can toggle the visual display between the reflected and trans-
mitted light images, when both images are available. 

Once a user is satisfied with the grain boundaries, the grain boundary 
separation algorithm can be used to separate touching grains. The al-
gorithm aims to identify points of contact on touching grains, group 
them into logical pairs, and segment the image between pairs. These 
segmentation lines are presented to the user who may interactively 
delete unwanted segmentation lines, and manually digitise additional 
segmentation lines where needed, before saving the segmentation re-
sults. Automated segmentation is achieved through the Separate Grains 
command of the Image Segmentation Toolbox. 

The user may delete, edit, and separate grain boundaries repeatedly. 
Each edit may be saved to the binary image using the Save Changes 
button of the Image Segmentation Toolbox. The binary image may be 
output in .png format using the Save Mask button. The file paths of the 
input reflected and transmitted light images and output binary image 
are recorded in the .json file. This allows the user to return later, load a 
pre-existing binary image with a .json file, and have the system auto-
matically load the associated reflected and transmitted light images for 
visual referencing. 

2.3. Measure Shapes 

Once objects are separated, and an image scale has been captured, 
the shape parameters of each object in the binary image may be auto-
matically calculated. Shape measurement is executed via the Measure 
Shapes button of the Image Segmentation Toolbox. 

The binary image is cleared of unwanted objects prior to shape 
measurement. Objects in contact with the image border are removed as 
these particles do not have their full shape exposed for measurement. 
The image is cleared of objects that have an area less than one sixth of 
the largest object in the image, as these frequently represent fragments 
of grains, or image noise. This generalisation is advantageous for rapid 
analysis; however, desirable zircon grains may be lost in the process. All 
objects marked as unwanted during the data capture phase are cleared. 

The remaining objects receive a unique ID and undergo shape mea-
surement. Thirteen shape parameters are calculated (Table 1). Area, 

equivalent diameter, perimeter, minor axis, major axis, solidity, and 
convex area are calculated using Python’s Scikit-Image package (van der 
Walt et al., 2014). Form factor, roundness, compactness and aspect ratio 
are calculated in accordance with ImageJ’s Shape Descriptor1u plugin 
(Chinga, 2005). Minimum and maximum Feret diameters are calculated 
using a custom algorithm. Spot areas and scale bars captured in the data 
capture phase are used to calibrate the images and return meaningful 
measurements of the zircon grains. Analytical spots are matched to the 
boundaries they are located in using the Shapely package for Python 
(Gillies et al., 2007). An output table is generated that lists each grain by 
its unique ID, with associated spot ID’s, and the results of the shape 
measurement. Shape measurements may then be transferred to a 
Microsoft Access database or written to a .csv file using the Push to DB 
or Save to CSV buttons, respectively. The user is able to batch-process a 
folder of binary images and save results to a .mdb or .csv file using the 
Process Folder button. 

3. Boundary separation algorithm 

It is not always possible to separate objects prior to imaging, for 
example when bulk mounting zircon grains to minimise picking bias 
(Dröllner et al., 2021; Sláma and Košler, 2012), or when working with 
historical image datasets. Separation algorithms may be used to 
accomplish separation during image post-processing. 

Several segmentation methodologies are common to software like 
ImageJ and computer vision modules such as Python’s Scikit-Image and 
OpenCV. Examples include pixel erosion, image watershedding, and 
partial differential equation based methods such as Level Sets (Bradski, 
2000; Ferreira and Rasband, 2012; van der Walt et al., 2014). However, 
their effectiveness is limited in separating zircon grains. Pixel erosion 
algorithms may potentially alter the shape of the grains, as shown in 
Fig. 3. Binary image watershed algorithms perform best on smooth 
convex objects (Ferreira and Rasband, 2012) but may over-segment 
particles (Fig. 3; OpenCV (2016)), while marker-based watershed al-
gorithms require the user to manually mark each zircon grain to be 
separated (OpenCV, 2016). Partial differential equation based algo-
rithms may fail to distinguish foreground from background due to the 

Fig. 3. Comparison of image segmentation algorithms applied to an image of zircon mounts. A) Transmitted light image of zircon grains mounted in resin. The image 
was imported into Fiji (Schindelin et al., 2012), and subjected to B) pixel erosion, C) binary image watershedding, and D) level sets, using default settings. Zircon 
grains are white in panels B and C, and black in panel D. Image segmentation algorithms have limited success in separating clustered zircon grains without strongly 
affecting grain boundaries. 
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light-dark mottling of zircon grains under transmitted light (Fig. 3). In 
the absence of an existing algorithm tailored to zircon grain separation, 
an alternative separation methodology is now proposed. A segmentation 
algorithm tailored to zircon grain separation brings increased speed and 
objectivity to the zircon image segmentation procedure. It furthermore 
allows the full image segmentation routine to be handled within one 
application, thus removing the need for post-processing in additional 
software. 

3.1. Boundary extraction 

AnalyZr uses OpenCV’s findContours method to extract all contours 
from a binary image. Contours correspond to the boundaries of zircon 
grains. External contours are referred to as parent contours. Internal 
contours are termed child contours and lie nested within a parent 

contour (Fig. 4). Contours are grouped according to their nesting, with 
the groups of nested contours here referred to as families. 

When zircon grains touch, an inflection point with pronounced 
concavity is created in the boundary contour. Therefore, to segment the 
image, it is necessary to identify the inflection points with high con-
cavity. However, identification may be confounded by boundary irreg-
ularities resulting from xenomorphic grains, fractured grains, or oxide 
adhesions to grain surfaces. These irregularities can create boundary 
inflections that are falsely identified as potential points of contact be-
tween grains. Spurious inflections are removed by simplifying the con-
tours using elliptical Fourier descriptors (Fig. 5), an approach proposed 
by Mebatsion and Paliwal (2011, 2012). 

The boundary of a 2D discrete object forms a closed contour, which 
may be defined in terms of elliptical Fourier descriptors (Kuhl and 
Giardina, 1982). Equations (1) and (2) represent the discrete elliptical 

Fig. 4. Zircon grain boundaries are extracted as contours using the OpenCV-Python package. Contours are classified as parent (external) and child (internal) 
contours. Groups of nested contours are here termed families. 

Fig. 5. A) Points along a contour, prior to simplifi-
cation. B) Points along a simplified contour. For each 
point along a contour, the angle between the 
adjoining line segments reflects the concavity at the 
point. For each, the supplementary angle is calcu-
lated, the size of which increases as the concave angle 
becomes more acute. Points are coloured according to 
the size of the supplementary angle. The original 
contour (A) shows significantly more points of high 
concavity than a simplified contour (B).   
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Fourier approximation of an object boundary (Kuhl and Giardina, 
1982). Here N is the number of Fourier harmonics, K is the total number 
of points along the contour, t is a unit pixel step along the contour such 
that tp− 1 < t < tp for 1 ≤ p ≤ K, A0 and C0 are coefficients of the zeroth 
harmonic, a, b, c and d are the four Fourier descriptors of a given 
harmonic. 

xN(t)= A0 +
∑N

n=1
an cos

(
2nπt

T

)

+ bnsin
(

2nπt
T

)

(1)  

yN(t)= C0 +
∑N

n=1
cn cos

(
2nπt

T

)

+ dnsin
(

2nπt
T

)

(2) 

If the total length of the closed contour is T, and the distance from the 
contour start to point p is tp, then a, b, c and d are defined as in equation 
(3)–(6) (Kuhl and Giardina, 1982): 

an =
T

2n2π2

∑K

p=1

Δxp

Δtp

(

cos
(

2nπtp

T

)

− cos
(

2nπtp− 1

T

))

(3)  

bn =
T

2n2π2

∑K

p=1

Δxp

Δtp

(

sin
(

2nπtp

T

)

− sin
(

2nπtp− 1

T

))

(4)  

cn =
T

2n2π2

∑K

p=1

Δyp

Δtp

(

cos
(

2nπtp

T

)

− cos
(

2nπtp− 1

T

))

(5)  

dn =
T

2n2π2

∑K

p=1

Δyp

Δtp

(

sin
(

2nπtp

T

)

− sin
(

2nπtp− 1

T

))

(6) 

The Fourier descriptors of each contour are calculated using the 
PyEFD Python package (Blidh, 2016). Simplified contours are con-
structed using a reduced number of Fourier harmonics. The number of 
harmonics used is dependent on the length of the contour, as longer 
contours represent more complex shapes than shorter contours. For 
example, the longest contours in an image are associated with com-
pound grain boundaries such as parent contours. Parent contours have 
more complex shapes than the shorter child contours internal to the 
parent contour. The number of harmonics is simplified to 20% of the 
number of points comprising the original contour. This reduces minor 
boundary irregularities and thus the number of high concavity points 
unrelated to boundary intersections. 

3.2. Identifying grain intersections on boundaries 

Boundary irregularities are identified as concavity maxima, the 
greatest of which correspond to the pronounced boundary inflections 
characteristic of two grains in contact with one another. For each point 
along a simplified contour, the angle between the adjoining line seg-
ments reflects the concavity at the point. For each, the supplementary 
angle is calculated, the size of which increases as the concave angle 
becomes more acute. Concavity maxima are those points whose sup-
plementary angles are larger than calculated for those points directly 
adjacent (Fig. 6). 

Fig. 6. Inset A shows the silhouette of two zircon 
grains in contact with one another. The location of 
panel B is shown. Panel B provides an enlargement of 
the parent contour around the two zircon grains in 
contact with one another. White markers 1–8 repre-
sent points along a simplified parent contour. Point 3 
has greater concavity (α3) than adjacent point 2 (α2) 
and point 4 (α4). Consequently, the supplementary 
angle of point 3 (θ3) is greater than θ2 and θ4, thus 
point 3 is identified as a concavity maximum (yel-
low). Point 6 is similarly identified as a concavity 
maximum. As point 6 has a supplementary angle (θ6) 
greater than 90% of all supplementary angles along 
the parent contour, it is identified as a potential point 
of contact, termed a node (red). (For interpretation of 
the references to colour in this figure, the reader is 
referred to the Web version of this article.)   

Fig. 7. The concavity-distance output for touching 
zircon grains. A) The parent and child contours are 
formed by a cluster of zircon grains. The supple-
mentary angles at each point along both contours are 
coloured for angle. Supplementary angles increase as 
concavity increases, with the greatest angles present 
at inflection points where two grains are in contact. 
Inflection points are numbered 1–10. B) A plot of 
supplementary angle versus distance along the con-
tour in pixels, for the parent contour in (A). Inflection 
points that represent points of contact, termed nodes, 
are selected as the upper 90% of angles along a parent 
contour. Nodes are numbered 1–10 and correspond to 
inflection points 1–10 in (A). Nodes are coloured for 
angle.   
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On a parent contour, positive angles that are greater than 90% of all 
maxima along the parent contour are identified as potential points of 
contact (Fig. 6). These points are referred to as nodes. Child contours 
capture the spaces in the resin mount framed by touching grains and 
frequently exhibit 3–4 nodes. As child contours are smaller than parent 
contours, they comprise fewer points, and an 80% threshold is required 
to extract sufficient nodes. The values of 90% and 80% were chosen 
empirically. The concavity maxima can be visualised with a concavity- 
distance plot (Fig. 7). 

A line of contact between two touching grains is described by a pair 
of nodes, between which a break line is constructed. The two grains will 
be separated along the break line. Node pairs may exist within a parent 
contour, between parent and child, or between adjacent child contours 

(Fig. 8). 
Nodes are paired based on a shortest distance preference, and only 

between contours of the same family. Nodes from the same child contour 
may not be paired. Two nodes may not be paired if the break line be-
tween them extends outside of the parent contour, extends inside of a 
child contour, or extends across an existing break line. Additionally, 
nodes may not be paired if the angle between the break line and the 
bisector of each node’s internal angle is greater than 80◦. The angle of 
80◦ is empirically chosen. Finally, parent break lines are filtered to 
ensure that the contours generated when the parent contour is divided 
by the break line, are sensible in the context of zircon grains. Specif-
ically, we calculate a length-to-volume ratio, described by equation (7). 
If the length-to-volume ratio is above the emperically chosen value of 
0.8, the break line is discarded. In equation (7), T is the length-to- 
volume ratio, BL is the length of the break line, A1 and A2 are the 
areas of contour 1 and contour 2, created when a parent contour is split 
by the break line. 

T=
BL

minimum
( ̅̅̅̅̅̅

A1
√

,
̅̅̅̅̅̅
A2

√ ) (7) 

Once two nodes are paired, they are removed from the pool of 
available nodes (Mebatsion and Paliwal, 2011). Any remaining unpaired 
nodes are discarded. 

4. Case study 1: crystalline rock 

The functionality of the application was tested on three samples of 
igneous zircon sourced from compositionally distinct crystalline base-
ment units in Western Australia. These basement units would reasonably 
be assumed to show distinct zircon crystal shapes given their different 
chemistry and age (Fig. 9; Figure A1). Sample 178164 is a leucogabbro 
from the Bullock Hide Intrusion, Sholl Terrane, West Pilbara Super-
terrane (Wingate and Hickman, 2009), which is chemically defined as a 
diorite. This sample yields a magmatic crystallization age of 3122 ± 3 
Ma. Sample 189937 is a monzogranite from the Lewis Granite, 
Granites-Tanami Orogen, which yielded a magmatic crystallization age 
of 1788 ± 8 Ma (Lu et al., 2018). Sample 194763 is a gabbro from the 
Warakurna Supersuite, west Musgrave Province, with a magmatic 
crystallization age of 1070 ± 7 Ma (Kirkland et al., 2011). Sample im-
ages were sourced from the Geological Survey of Western Australia1. 

Images were segmented and the grain shape parameters measured 
using AnalyZr (Figure A2). Shape measurements are provided in the 
Supplementary data. The three samples show statistically dissimilar 
populations for the thirteen shape parameters measured, as determined 
by an independent samples Kolmogorov-Smirnov (KS) test (Table A1). 
The KS test evaluates the null hypothesis that the distributions are 
drawn from the same parent population. Examples of sample pop-
ulations and KS test results are provided for roundness, major axis, and 
minor axis parameters (Fig. 10, Table 2). 

Differing zircon shapes may reflect different magma age (Chae et al., 
2021; Makuluni et al., 2019; Markwitz and Kirkland, 2018), magma 
chemistry (Benisek and Finger, 1993; Pupin, 1980; Vavra, 1993), zircon 
growth environment (Corfu et al., 2003), and/or laboratory processing 
(Chew et al., 2020; Dröllner et al., 2021; Sláma; Košler, 2012; Zutter-
kirch et al., 2021). The potential influence of laboratory processing is, in 
this case, minimised as all three samples were processed via the same 
workflow by the Geological Survey of Western Australia following 
standardised procedures (Nelson, 1997, 1999). 

Fig. 8. A binary image of clustered zircon grains. Clustered grains create an 
external parent contour and internal child contours. A nested collection of 
contours is termed a family. Contours are extracted from the binary image and 
used to identify potential points of contact (nodes) where contours display high 
concavity. A pair of nodes is used to construct a break line that will separate 
touching zircon grains. Configurations of node pairs within a family of contours 
include parent - child (A), child 1 - child 2 (B), and parent - parent node pairs 
(C). Unpaired nodes are discarded (D). 

1 Further sample details can be accessed from http://www.dmp.wa.gov.au/ 
geochron/. 
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5. Case study 2: detrital zircons 

To demonstrate that geologically meaningful data can be recovered 
from grain shape analysis of detrital zircon grains, GSWA sample 
195464 (Wingate et al., 2021) was analysed by AnalyZr. The sample was 
collected from a petroleum well at a depth interval of 1917.42–1916.55 
m, and represents the Acacia Sandstone Member of the Willara Forma-
tion, Canning Basin, Western Australia (Fig. 11). The age spectrum of 
sample 195464 indicates at least five discrete age components (Fig. 11), 
thus the sample has potential for variable basement or reworked detrital 
zircon sources. 

The sample was binarised, segmented, and measured using AnalyZr. 
Analytical grain spot IDs were captured during this process and used to 
link grains with their isotopic age. Single grain concordia ages were 
calculated using Isoplotr (Vermeesch, 2018), and the dataset was 
divided into five age groupings that correspond to modes in the age 
histogram: i) 900-700Ma, ii) 1300-1000Ma, iii) 1900-1700Ma, iv) 
2100-1900Ma, and v) 2700-2500Ma. 

AnalyZr was able to extract geologically meaningful patterns be-
tween age and zircon grain shape parameters. For the detrital sample in 
question, measurements of length such as major axis length, as well as 
size such as area, are negatively correlated with age. In contrast, 
roundness is positively correlated with age. Measurements of width, 
such as minor axis length, show no significant correlation to age. The 
variance decreases with increasing age for all shape parameters. These 
observations are consistent with those of Markwitz and Kirkland (2018) 
who found that minor axis length was least affected by transport and 
suggested that zircon grains are most likely to break perpendicular to 
their major axis during sedimentary transport. Increased rounding and 
shortening of the zircon grain long axis with age may reflect the 
increased sedimentary transport and/or recycling of older grains 
(Zoleikhaei et al., 2016). Shape measurements are provided in the 
Supplementary data, with shape-age trends summarised in Fig. 12. 

Fig. 9. Three compositionally distinct samples of igneous basement rock from Western Australia were selected to test the segmentation and shape analysis capa-
bilities of the application. Sample zircon grains are shown in (A), adjacent to sample locations in (B). An overview map and geological legend is provided in (C). 
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Fig. 10. Histograms of example zircon shape parameters: roundness, minor axis, and major axis. The histograms show distinct populations for the three samples 
189937, 178164 and 194763. Population descriptive statistics are tabulated adjacent to the histograms. 

Table 2 
The results of an Independent Samples Kolmogorov-Smirnov (KS) test per-
formed on minor axis, major axis, and roundness of samples 189937, 178164 
and 194763. The KS test has the null hypothesis that the distributions are not 
different. We accept a significance level of .05. P-values below .05 indicate that 
the null hypothesis is rejected. D-values are the maximum distance between 
samples in cumulative density space. The analysis was performed using the K-S 
Test (2003) macro available online from the Arizona LaserChron Centera. 

a https://sites.google.com/laserchron.org/arizonalaserchroncenter/home. 
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Fig. 11. A) Schematic map showing the location of 
sample 195464 alongside potential sediment source 
regions in Western Australia. Source regions are col-
oured according to the age spectrum peaks (B) to 
which they may have contributed. The age associated 
with potential source regions does not reflect the full 
age range of the region. B) Histogram of single grain 
concordia ages of sample 195464, with major age 
modes identified as groups i-v. Colours of age peaks 
correspond to source region colours in (A). (For 
interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of 
this article.)   
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6. Conclusion 

We present AnalyZr, a Python application for image segmentation of 
transmitted and reflected light images of zircon grains in resin mounts. 
This application was developed to address a need for specialised, auto-
mated image segmentation tools for the geosciences, and specifically to 
leverage grain shape as a tool for provenance and magmatic system 
analysis. Potential applications of AnalyZr include studies of provenance 
analysis where potential sources have non-unique U-Pb ages; the rela-
tionship between crystalline rock chemistry and final zircon grain shape, 
and the effect of sedimentary processes on zircon grain shape. AnalyZr 
thus has the potential to assist the geological community in establishing 
robust and quantitative models of the response of zircon grain shape to 
rock chemistry, sedimentary transport mechanisms and transport 
distance. 

AnalyZr leverages an updated object separation algorithm that uses 
elliptical Fourier descriptors in conjunction with concavity, to improve 
the separation of touching zircon grains in images. This algorithm brings 
increased speed and objectivity to the zircon image segmentation 
routine. Automated grain boundary extraction and segmentation may be 
manually adjusted by users, which allows the full image segmentation 

procedure to be handled within a single application, effectively 
removing the need to post-process binary images in additional image 
manipulation software. 

The application and its algorithms are built on free, open-source 
platforms to increase accessibility and encourage the further develop-
ment of automated tools for the geoscientific community. Outputs of the 
application include a black and white binary image and a tabulation of 
13 shape parameters derived therefrom. Shape measurements may be 
output to a .csv or .mdb file. 

AnalyZr was applied to three samples of igneous zircon grains from 
lithologically and compositionally distinct crystalline basement rocks 
from across Western Australia; namely, granite, diorite and gabbro. The 
software processed images and measured grain shapes with sufficient 
accuracy to resolve statistically significant zircon grain shape differ-
ences between the different igneous rock types. When applied to a 
detrital sample, the application was able to resolve a trend towards 
smaller and rounder zircon grains with increased grain age. In addition, 
measurements of minor axis length show no trend with age, which may 
reflect a resistance to change during sedimentary transport. 

Fig. 12. Histograms of zircon grain shape parameters: area, major axis length, roundness and minor axis length. For sample 195464, area and major axis length show 
a negative correlation with age, roundness shows a positive correlation with age, and minor axis length does not appear to correlate with age. 
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Computer code availability 

AnalyZr is developed as a Python 3.7 application and is available 
under a MIT license. The application may be downloaded from https://g 
ithub.com/TarynScharf/AnalyZr. AnalyZr is designed for Windows 10 
and Ubuntu. For enquiries contact t.scharf@postgrad.curtin.edu.au. 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.cageo.2022.105057. 

Appendix A

Fig. A1. Plutonic TAS diagram of case study samples, after Middlemost (1994), generated with Geochemical Data Toolkit (Janoušek et al., 2006). Sample zircon 
grains are derived from host rock with distinct chemical compositions; namely granite, diorite and gabbro. Sample 178164 has been described as leucogabbro 
(Wingate and Hickman, 2009). Sample whole rock chemistry is available from the WACHEM database of the Geological Survey of Western Australia.2  

2 http://www.dmp.wa.gov.au/GeoChem-Extract-Geochemistry-1559.aspx. 
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Fig. A2. Stages of image segmentation. A) Grain boundaries are automatically extracted from an overlay of reflected and transmitted light images. Unwanted 
contours may be removed by the user (1). B) Break lines are automatically generated for object separation. The user may wish to delete some of the break lines (2). C) 
Break lines after manual adjustment. Additional break lines may be added by the user (3). D) The user may wish to manually adjust grain boundaries (4). E) Un-
wanted objects are automatically removed before measurement (5). Measured objects display with their boundaries and a unique number (6). Analytical spots are 
displayed on the image (7). F) A binary image is maintained and may be saved as a .png image at any stage.  

Table A1 
The results of an Independent Samples Kolmogorov-Smirnov (KS) test performed on 13 shape parameters measured from samples 189937, 178164 and 194763. The 
KS test has the null hypothesis that the distributions are not different. We accept a significance level of .05. P-values below .05 indicate that the null hypothesis is 
rejected. D-values are the maximum distance between samples in cumulative density space. The analysis was performed using the K-S Test (2003) macro available 
online from the Arizona LaserChron Center4. 
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4 https://sites.google.com/laserchron.org/arizonalaserchroncenter/home. 
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