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Workflows to register the spatial organization of samples at different levels of resolution are now 
becoming commonly available. Correlative microscopy, as it’s termed, has been mainly carried out 
using a combination of fluorescent and electron microscopy [1]. This method is suitable for thinly 
sectioned samples that are transparent to both laser and electrons. However, for highly complex dense 
samples such as rocks, standard correlative techniques are unsuitable. The goal of this work was to 
characterize the organization of pyrite framboids within a rock sample with minimal destruction using a 
combination of micro-computed tomography (µCT), for whole sample viewing, followed by 3D laser 
profilometry and 3D scanning electron microscopy (SEM) for targeting the location, EDX (energy 
dispersive X-ray spectroscopy) for elemental characterization and 3D focus ion beam (FIB)/ SEM for 
high resolution imaging. Such a sample was chosen to demonstrate the technique as it serves as an 
example of the power of correlative tomography to identify structures through a combination of density, 
atomic number contrast and colour with minimal sample destruction as well as being applicable with 
any sample type with such characteristics.  
 
Pyrite framboids are distinct spherical aggregates of discrete equi-regular euhedral micro crystallites 
approximately 500nm in diameter and appear golden due to the presence of iron sulphide.  They form at 
high and low temperatures and occurs, usually in small quantities, in sedimentary rocks worldwide such 
as shale.  Shale is composed of quartz and feldspar and major minerals with many accessory minerals. 
The major minerals in shale are kaolinite (Al and Si complexes), illite (K, Al, Mg Fe, Si Al), and 
semectite (montmorilloite Na, Ca, Mg, Si, Al). Other minor constituents are organic carbon, carbonate 
minerals, iron oxide minerals, sulfide minerals, and heavy minerals [2]. 

 
The goal of this investigation was to characterize the distribution and location of pyrite within the shale 
sample as well as organization using a workflow designed to minimize sample destruction. First the 
whole sample was imaged using µCT and the data volume was thresholded to localize high density 
particles that were on the surface. This step provided a low resolution target for sequential investigation 
by 3D profilometry at a higher resolution. Before proceeding to profilometery the positions of 
recognizable landmarks were noted then correlated with the profilometry data. Areas that appeared 
yellow in colour (characteristic of pyrite) were noted and imaged. In order to correlate profilometry data 
to EM images the profilometry area was imaged at a similar resolution by 3D SEM using the 
backscattered electron imaging mode that enabled differentiating material based on atomic number 
contrast. This method enabled matching surface landmarks with profilometry data and facilitated 
locating the region of interest (ROI) for the SEM/FIB step. Prior to FIB milling, the ROI was subjected 
to EDX to confirm the presence of Fe and S.  Serial sections of the ROI collected by SEM/FIB 
highlighted the discrete equi-regular euhedral micro crystallites of the framboid approximately 500nm in 
diameter and the surrounding lower density matrix of clay and silica and kerogen. The 3D data from 
FIB/SEM was segmented to model the distribution of the pyrite framboids within the sample. See Figure 



1. We have presented a practical workflow that can be successfully used for correlative tomography 
which is minimally destructive while able to characterize a dense sample which was both highly 
heterogeneous and highly complex in ultrastructure. This practical method can be applied to any 
specimen type where it is possible to differentiate the ROI by density, colour or atomic number contrast 
[3]. 
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Figure 1.  Complete correlative tomography imaging workflow. First the whole sample is imaged using 
µCT and rendered (1). The surface of the sample is studied for any landmark features. High density 
material is thresholded to identify possible location of framboids near the surface of the sample (2) and 
correlated with a digital camera image (3). Profilometry is used to analyze the area of interest and 
locating the landmark features seen with µCT. In this case colour is used to identify potential framboids 
due to their yellow colouration (4,5&6). An additional step of 3D SEM modelling (7) and backscattered 
electron imaging (containing atomic number contrast) (8&9) is used to correlate profilometer data with 
the SEM electron micrographs and energy dispersive x-ray spectroscopy is used to confirm the 
elemental composition (10).  Once found the region of interest is milled using the FIB/SEM to expose 
the pyrite in cross-section (11) and thereafter create a high resolution 3D volume of the framboid 
organization from aligned images collected using automated serial milling and imaging (12). 


