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Identification of high capacity reservoirs in oil and gas shales increasingly depends on the mapping 
of large, planar surfaces. This analysis is performed in an instrument that combines a focused ion 
beam (FIB) with a scanning electron microscope (SEM) [1, 2].  By acquiring and stitching together 
thousands of secondary electron images acquired at a nominal resolution, a large scale image can be 
generated providing a representative view of an often inhomogeneous and disparate microstructure.  
 
After site – specific investigation with adjustment of the zoomed (< 10,000X) magnification, areas 
that exhibit important micro-structural features such as porosity can be targeted. By iterative 
imaging and FIB milling, information in the depth dimension can be developed. After a few hundred 
of image slices are assembled to form a three - dimensional dataset, the degree of interconnectivity 
of the porosity can be determined within the field of view. Depending on the quality of these results, 
a decision can be made concerning the viability of recovery of oil or gas from this particular shale. 
 
The sample preparation process begins with mechanical cutting, grinding and lapping to produce a 
parallel – sided section with a 1 um surface finish. The next step is to planarize the sample surface 
using a broad beam Argon ion source with adjustment of the ion beam diameter at a given 
accelerating voltage [3]. The ion milling geometry must be eucentric, and accurate setting of a low 
incident angle with respect to the sample surface is required. Depending on the angle selected,  
planar areas on the order of 10 mm X 10 mm are achievable within 1 to 1.5 hrs. of ion milling. 
 
An initial assessment of the ion milled surface can be done qualitatively in a FESEM. The center  
can be imaged at 1,000 and 10,000X, and the procedure repeated every 1 to 2 mm in the X and Y 
stage directions. A quantitative assessment can be made based on the confidence index (CI) of a 
typical energy backscatter electron diffraction (EBSD) pattern, Fig. 1. [4, 5]  Image quality and 
phase maps of selected areas may be acquired by simultaneous EBSD and energy dispersive X – ray 
spectroscopy (EDX), Figs. 1 - 2. 
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Fig. 1.  EBSD patterns acquired from an ion milled shale sample, which were indexed as calcite 
(CaCO3) with high confidence index (CI). 
 
 

    
 
 

Fig. 2. An image quality and phase map acquired of a relatively flat area on the ion milled surface. 
Only the calcite phase (red) produced indexable patterns (Fig. 1). The residual regions (blue) 
contained pores. 
  


