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Chapter 26
ItraxPlot: An Intuitive Flexible Program 
for Rapidly Visualising Itrax Data

Ian W. Croudace and R. Guy Rothwell

I. W. Croudace ()
Ocean and Earth Science, National Oceanography Centre, University of Southampton,  
Waterfront Campus, European Way, Southampton SO14 3ZH, UK

R. G. Rothwell
National Oceanography Centre, Empress Dock, Southampton, SO14 3ZH, UK

Abstract  ItraxPlot is data visualization software specifically designed to rapidly 
and efficiently display Itrax micro-XRF core scanner data to aid effective scientific 
interpretation. Data from sediment cores or slabbed material such as rock, concrete, 
speleothems, wood etc. can be efficiently displayed. The program does not modify 
any original data but incorporates a wide range of features to customise visual rep-
resentation of Itrax datasets. The program was written for a Windows environment 
and allows users to rapidly display, optimize, organize, adjust and analyse their data 
following the completion of their scans or at any time after. A variety of final output 
options allow data to be produced for spreadsheets, presentations and publications.

Keywords  ItraxPlot · Itrax core scanner · Data visualization software · Corelyzer-ready

Introduction

The Itrax high-resolution X-ray core scanner (manufactured by Cox Analytical 
Systems, Gothenburg, Sweden), in common with similar scanners, generates large 
volumes of data from scanned cores that ultimately need to be displayed efficiently 
to enable users to evaluate, analyse, interpret and present or publish data. Cox Ana-
lytical Systems produced the RediCore program around 2003 that provides some 
visualization capability. It includes image optimization, the facility to overlay up 
to two element profiles over optical and radiographic profiles and determines cor-
relation coefficients for any pair of variables selected. ItraxPlot (Fig.  26.1) was 
independently developed in 2004 with a key objective being to ensure it was simple 
and intuitive to use and could display a broad range of elements alongside optical 
and radiographic images. RediCore is undoubtedly complementary to ItraxPlot but 
lacks some of the latter’s diverse features which were seen as fundamental to allow 
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users to simultaneously evaluate optical, radiographic and multiple elements. Since 
its first appearance it has been regularly enhanced, updated and modified according 
to user requests and is now widely used in many Itrax laboratories around the world 
(Table 26.1).

Components of Itrax Data

High-resolution core scanners produce copious amounts of data. For example, scan-
ning a 1-m sediment core on an Itrax, at 200 μm increments, will create 5000 XRF 
spectral data files. At the same time graphical image files (optical.tif and radiograph.
tif) and a results summary file (result.txt) are also created and saved. XRF spectra 
are analysed during the scanning process and the selected elemental peak areas are 
appended into the result.txt file as the run progresses. During the Itrax run any data 
visualization is limited and most users evaluate data at the end of a scan session. Fol-
lowing the completion of a run all spectra can, if considered necessary, be re-analysed 
(re-evaluated) and further optimized using Cox’s Q-Spec spectral analysis software.

Features of ItraxPlot

Data visualization needs to be a simple and efficient process that provides a com-
prehensive range of options that facilitate scientific interpretation. ItraxPlot allows 
users to efficiently and automatically open a set of Itrax-generated data and graphic 

Fig. 26.1   The Itrax core scanner, ItraxPlot and examples of sample types commonly run (wood, 
sediment, rock)
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files by pointing at the main data folder for a particular file set. Alternatively, it is 
also possible to manually select specific data or graphic files by pointing at each 
file if distributed over more than one folder. After display parameters are manually 
selected a display window opens to reveal the plotted data. This consists of optical 
and radiographic images with up to ten columns of elements profiles all in the same 
coordinate framework (Fig.  26.2). The user has complete control of the number 
of elements, their ordering and the number of images displayed (Table 26.2 and 
Fig. 26.3).

The user can select many features from dropdown menus to zoom into the as-
sembled data, adjust the optical image, change scaling limits, add horizontal or 
vertical reference lines, define regions-of-interest by shading or colour (Fig. 26.3, 
Table  26.1). Colour schemes for text, axes, data and background can be readily 
adjusted (Figs.  26.4 and 26.5). Data may be smoothed, normalized, temporarily 
deleted, re-scaled etc. Where multiple related core sections have been scanned the 
user can open each section in sequence and add together to produce a single stacked 
image, showing the whole core. Up to seven separate core sections can be displayed 

Table 26.1   Summary of features provided by ItraxPlot
Displays up to ten elemental profiles alongside optical and radiographic images in a single 
window
Allows optimisation of optical and radiographic images by simply double clicking on an image 
to set levels
Allows control of colour and contrast
Allows coarse and fine size adjustment for optical image
Optical and radiograph images can be turned off or on
Multiple core sections can be stacked to view longer core sequences
Bartington sensor and radiograph ‘grey-scale/density’ data can be plotted along with element 
data
Allows normalisation of elements to another element or division by the incoherent or coherent 
scatter lines
Elemental data scaling and intercepts can adjusted
Modification of text labels and font size
Selection of smoothing for elemental plots
Zoom function to aid study of fine detail
Addition of horizontal and vertical shading or colour to define regions of interest
Addition of vertical and horizontal reference lines
Control of colours on graphics (background, text, data, lines etc)
Saving and printing of complete ItraxPlot graphic as a .pdf, .bmp or .tif files
Smoothed data can be saved as a .csv file
Three mathematical filtering functions are available to extract time series data (e.g. sediment 
laminae or tree ring counting)
Produces XRF data files formatted for reading by NSF CoreWall (Corelyser) software
Users can run multiple copies of the program on the same computer to enable visualization of 
all elemental data
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(Fig. 26.6). The software provides flexible image and data saving options to facili-
tate presentational output. There are no practical limits to the number of copies of 
the program that can be run during an ItraxPlot session so many displays can be 
created to complete visualization.

Inspection and Interpretation of Itrax Data Using ItraxPlot

Efficient visualizing of Itrax data, where optical, radiographic and elemental variations 
are aligned side-by-side, presents core data in an optimal way to make interpretations 
and correlations. For example, dense sediment layers may identify coarser-grained 
layers caused by storms or sediment movement, or linking frequency of radiographic 
greyscale variations with elemental fluctuations may identify seasonal controls in 
sedimentation. Elemental co-variations can be used to infer sediment mineralogy, redox 
processes, pollution inputs and sediment accumulation rates (Croudace et al. 2006; 
2015). Chemical and mineralogical changes may relate to changing environmental 
conditions such as climate-related controls on sediment sources (Thomson et al. 2006; 
Rothwell et al. 2006; Rothwell and Croudace 2015; Maclachlan et al. 2015; Weltje 
et al. 2015). The study of tree rings (Fig. 26.2) may provide important information 
on climate and Itrax core scanner (or Itrax Multiscanner) data are increasingly used 
to extract environmental data from dendrochemical records (e.g. Balouet et al. 2007; 
McCarroll et al. 2011; Smith et al. 2014).

Fig. 26.2   Example of ItraxPlot output for Itrax data acquired ( highlighted area) from a 120 year 
old oak section collected in north Hampshire, UK (cut in Jan 2001)
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Fig. 26.3   ItraxPlot user-
input forms that allow users 
to choose element display 
options ( top), editable 
graphic features such as titles, 
axis tick marks etc ( middle) 
and colour scheme options 
( bottom)
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Changes in the Sample-Detector Distance During Scans: 
kcps and Ar Profiles

Sediment cores are generally split prior to Itrax scanning and imperfections and ir-
regularities in the split sample surface can affect the elemental responses and may 
lead to misinterpretation of geochemical profiles (Figs. 26.4,  26.5 and 26.6). Sam-
ple surfaces may be affected by cracking, slumping, damage during splitting such as 
dragging of material (e.g. shells, roots, drop stones), changes of grain-size, desicca-
tion, etc. Effective Itrax XRF scanning depends on a constant sample to detector dis-
tance (CSDD). XRF signals will depend on both elemental abundance and sample to 
detector distance. The Itrax system is designed to maintain a CSDD by determining 
a topographic profile along the sample surface prior to XRF scanning. These profile 
data are then used to control the position of the XRF detector holder via a z-axis mo-
tor drive to maintain a constant distance between sample and detector. An effective 
means of monitoring the effectiveness of the Itrax CSDD system is to examine the 
kcps and Ar profiles. If the topographic profile feedback tells the detector to move 
away from the sample surface then the X-ray flux to the detector will decrease, lead-
ing to a reduction in kcps. However, any increase in distance between the detector 
and the sample will be associated with an increase in the air gap and therefore the 
Ar counts will increase. The Ar signal is derived not from the sample (unless the 
sample is porous) but from excitation of argon in the air gap.

The ability of ItraxPlot to display so many features in a single window means 
that sample artefacts can be readily identified (Figs. 26.5 and 26.6). Where anoma-

Fig. 26.4   ItraxPlot image showing the impact of damaged/irregular core surfaces. Such effects are 
recognised from a negative correlation between total count-rate (kcps) and Ar (from irradiation of 
air). ItraxPlot readily allows such data regions to be highlighted or ‘deleted’ for display purposes 
(Core courtesy of Elena Romano, ISPRA)
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lous regions are identified it is straightforward to either delete the ‘bad data’ (al-
though original data files are not altered) or mark the data regions as suspect on the 
plot. Multiple copies of the program can be run in different windows so all elemen-
tal data can be displayed.

Surface Cracks

Distinctive abrupt short-lived deflections are seen in Itrax element profiles where 
cracks and surface defects occur (Fig 26.4 and 26.5). The amplitude of these fea-

Fig. 26.5   Example ItraxPlot output for two core sections. ( upper figure: estuarine sediment, 
Bridgwater Bay, UK; lower figure: harbour sediment from Augusta Bay, Sicily Croudace et al. 
(2015))
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tures depends on the size of the crack. These artefacts can mar the appearance of 
outputs but ItraxPlot allows users to delete data linked to cracks or other defects 
from displays and outputs.

Mathematical Functions

ItraxPlot incorporates several mathematical functions. General data smoothing can 
also be used to suppress ‘noise’ in plotted data but caution is advised against over-
smoothing. An ‘event’ counting features for counting elemental regularities (peaks 
and troughs in data) or radiograph grey-scales. This approach can help, for exam-
ple, in determining numbers of sedimentary layers, seasonal couplets or tree rings 
(Fig. 26.2). If this option is selected the user chooses one of three mathematical 
functions (first differential, smoothed first differential or sine function) to identify 
and count variations.

The data used in the filtering functions are either the selected element data or the 
sum of the radiograph pixel strip values corresponding to each element data point. 
When the radiograph is selected, the user has control over the region of interest. For 
all types of filtering, an ‘event’ is registered when a local maximum value greater 
than 1 % of the overall maximum data value occurs. The location and number of 
events is displayed on the profile(s) chosen.

1.	 First differential filtering—this is based on the differential of the data.
2.	 Smoothed first differential—based on the weighted smoothed data.
3.	 Sinusoidal function—this uses a period of ‘n’ where ‘n’ is selectable.

Fig. 26.6   ItraxPlot display of a 3.2 m-long continuous sediment sequence based on three separate 
core sections of estuarine sediment. (Bridgwater Bay, UK)
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CoreWall and ItraxPlot

CoreWall is a US-developed stratigraphic correlation, core description, and data 
visualization system widely used by the marine, terrestrial, and Antarctic science 
communities (www.corewall.org). The CoreWall software suite was developed at 
the University of Illinois at Chicago’s Electronic Visualisation Laboratory through 
collaboration between the US National Lacustrine Core Repository at the Universi-
ty of Minnesota and the International Ocean Discovery Program (IODP). CoreWall 
has revolutionalised core logger data display by integrating diverse and disparate 
core datasets and allowing them to be visualised as an integrated whole. It uses 
standard computer interfaces; provides for displaying of large core datasets; sup-
ports data capture and safe-keeping; provides a scalable and portable visualisation 
tool (through Corelyzer part of the CoreWall software suite); is able to handle high 
resolution photo- and radiographic images and XRF core scanner data. ItraxPlot has 
been adapted to produce an XRF data output file data in a format that is suitable for 
opening by CoreWall’s Corelyzer program, allowing ITRAX-generated downcore 
elemental data to be integrated with other core datasets.

Conclusion

Highly efficient analytical instruments producing large volumes of measurement 
data require equally effective data visualization software. ItraxPlot is designed to 
rapidly display elemental profiles and images produced by the Itrax core scanner for 
sediment and rock cores, wood slabs and other samples. The simultaneous display 
of Itrax data (optical and radiographic images with up to ten co-registered elemen-
tal profiles) in a single window makes it straightforward to distinguish real from 
anomalous signals caused by sample artefacts and makes correlation and interpreta-
tion easier The program provides several options to analyse the data (e.g. through 
smoothing and normalization) and event counting (using up to three mathematical 
functions). An option also exists to output Itrax data in a format suitable for reading 
by Corelyzer (CoreWall).

Acknowledgement  ItraxPlot software was largely developed by Ian Croudace with some initial 
contribution from Guy Rothwell and programmed in C+. Interested parties should contact Ian 
Croudace if they wish to acquire an evaluation copy of the software.
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