
Quantitative electron backscatter diffraction (EBSD) data analyses using the dictionary 
indexing (DI) approach: Overcoming indexing difficulties on geological materials

Katharina Marquardt1,*, Marc de Graef2, SaranSh SinGh2, hauKe Marquardt1,  
anja roSenthal3, and Sanae KoizuiMi4

1Bayerisches Geoinstitut, Universität Bayreuth, Universitätsstrasse 30, 95447 Bayreuth, Deutschland
2Materials Science and Engineering Department, Carnegie Institute of Technology, Carnegie Mellon University, 5000 Forbes Avenue,  

Pittsburgh, Pennsylvania 15213-3890, U.S.A.
3Bayerisches Geoinstitut, Universität Bayreuth, Universitätsstrasse 30, 95447 Bayreuth, Germany, and Laboratoire Magmas et Volcans,  
Université Blaise Pascal, CNRS IRD-OPGC, Campus Universitaire des Cézeaux, 6 Avenue Blaise Pascal, 63178 Aubière Cedex, France

4University of Tokyo, Earthquake Research Institute, 1-1-1, Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan

abStract

Electron backscatter diffraction (EBSD) data yield plentiful information on microstructure and texture of natural 
as well as experimentally produced mineral and rock samples. For instance,  the characterization of microstructures 
and textures by EBSD allows for the evaluation of phase equilibria. Furthermore, determination of the preferred 
orientations of crystals using EBSD yields constraints on deformation mechanisms and history of the minerals/
rocks. The latter affects bulk-rock properites, for example, through the relation between lattice preferred orientation 
and electrical conductivity and seismic anisotropy. EBSD is also applied to advance our understanding of various 
phenomena such as seismic wave attenuation in the Earth deep interior and its relation to the presence of interfacial 
small degrees of melt fractions, or free fluid phases.

In standard EBSD software solutions, the original EBSD patterns are rarely saved and indexing routines result 
in many artifacts, such as pseudo-symmetry or unindexed pixels at interfaces that may be misinterpreted as amor-
phous material, such as a melt.

Here we report the first application of the dictionary indexing (DI) approach proposed by Chen et al. (2015), an 
alternative indexing routine, which we extended to be applicable to multiphase geologic materials. The DI method 
is independent of the EBSD system, and thus of the used detector/software. The DI routine generates simulated 
EBSD patterns for all possible crystal orientations, taking the sample composition and experimental setups into 
account. The resulting pattern database is called a dictionary. The experimental electron backscattering pattern 
(EBSP) images are indexed by comparing them to the dictionary using a dot-product algorithm. We evaluate the 
new DI method in comparison to standard routines and highlight advantages and disadvantages.

To test and compare the DI’s reliability and performance, we apply the routine to two scientifically challenging 
samples: (1) A nominally anhydrous (“dry”) residual eclogite composed of garnet (cubic), clinopyroxene (mono-
clinic) and an amorphous melt, where the different degrees of hardness of the phases cause surface topology; and 
(2) a pure forsterite (olivine) polycrystalline sample produced by vacuum sintering. The acquired EBSD patterns 
are of low quality for the latter as a result of fast data acquisition to reduce the on-line machine time.

We conclude that the new DI method is highly precise and surpasses the performance of previously available 
methods, while being computer time and computer memory consuming. We find that the DI method is free of 
pseudo-symmetry-related problems. Interpolation of data becomes obsolete and high reproducibility is obtained, 
which minimizes the operator impact on the final data set. The latter is often caused by applying several cleaning 
steps on EBSD maps with low indexing fraction. Finally, much higher scientific integrity is ensured by image 
collections as described above, which requires that all patterns are saved. This in turn allows later re-analyses 
if required. The DI routine will help to achieve more reliable information on interface properties of geological 
samples, including amorphous materials, and thus in the long run help to improve the accuracy of large-scale Earth 
mantle process models.
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introduction
Electron backscatter diffraction (EBSD) is a key technique to 

characterize polycrystalline samples especially when focusing 
on crystal fabrics (e.g., crystal preferred orientation, CPO; shape 
preferred orientation, SPO), defect structures such as interfaces, 

phase-, grain-, and twin boundaries, as well as the distribution 
of impurities or melt on interfaces (e.g., Faul and Scott 2006; Le 
Roux et al. 2008; Manthilake et al. 2013; Soustelle et al. 2014).

Manual EBSD techniques have been developed in 1970s, 
where electron backscatter pattern (EBSP) were collected on 
electron-sensitive photographic plates (Venables and Harland 
1973). Interactive indexing was developed by David Dingley 
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