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Many tectonic processes are strongly influenced by the solid-state flow of minerals in Earth’s upper
mantle. One mechanism for this flow is plastic deformation, which typically involves the migration
of dislocations through crystals. Dislocation structures can have profound effects on the mechanical
and electrical properties of their host minerals. Recent innovations in image processing have
provided a method for measuring the displacement field around dislocations at near-atomic scale [1].
We are developing this image-processing routine to measure the strain field around a dislocation in a
naturally deformed olivine [(Mg,Fe),Si04] from Earth’s mantle.

A sample of mantle olivine from San Carlos, Arizona was investigated using a JEOL 4000EX.
HREM images of dislocations in (101) tilt boundaries were collected. Most dislocations are weakly
dissociated; however, some pure edge dislocations with b =[100] were observed. These dislocations
were viewed end-on parallel to [010]. The images were digitized at high resolution and analyzed
using routines written within DigitalMicrograph image-processing software.

The strain field is a function of the displacement of atoms around a dislocation core. Image
formation in the core is complex, however just outside the core region, the image is, in many cases,
easily interpretable and rows of spots can be directly related to crystallographic planes in the
structure. In this region, the displacement of the image intensity from the regular array of spots can
be determined to sub-Angstrém resolution [1]. The displacement field is obtained by extracting the
geometric phase information from the HREM image. The image contains both amplitude and phase
components which store local contrast and positional information, respectively. The phase, once
separated from the amplitude, is very sensitive to changes in the position of the image intensity.
These variations can be related to the real-space displacements in the crystal and, in turn, the strain
field around the dislocation. The details of the method are described fully elsewhere [2].

The HREM image in Figure 1a,b shows a [100] dislocation from a ~1° tilt boundary. The phase
images (Fig. 2) were calculated from the (101) and (10-1) spots in the Fourier transform of the
image (Fig. 1¢). The dislocation is revealed by a 2n discontinuity in the phase image that
corresponds to a lattice displacement (extra half plane) in the crystal. The discontinuity terminates at
the dislocation core. The results of the strain field analysis and comparison to the strain field
generated by elastic theory will be presented [3].
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[100] dislocation at the

center. (b) Enlarged view of the dislocation core from 1a. (c¢) Fourier transform of 1a with (hkl)

labels on the spots used for the geometric phase reconstruction.

Figure 1. (a) HREM image of olivine in the [010] projection with a b

Figure 2. Geometric phase images from (a) the (101) and (b) the (10-1) spots in 1¢c. The sharp

black/white boundaries are 2 phase discontinuities resulting from the dislocation.
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