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Abstract

Residual elastic strain in naturally deformed, quartz-containing rocks can be measured quantitatively 
in a petrographic thin section with high spatial resolution using Laue microdiffraction with white syn-
chrotron X-rays. The measurements with a resolution of 1 µm allow the quantitative determination of the 
deviatoric strain tensor as a function of position within the crystal investigated. The observed equivalent 
strain values of 800–1200 microstrains represent a lower bound of the actual preserved residual strain 
in the rock, since the stress component perpendicular to the cut sample surface plane is released. The 
measured equivalent strain translates into an equivalent stress in the order of ~50 MPa.
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Introduction

Quartz is ubiquitous in a wide variety of sedimentary, igne-
ous, and metamorphic rocks. It is well known for its “undula-
tory” extinction when viewed with a petrographic microscope 
and crossed polarizers. This is caused by fragmentation of the 
single crystal into individual domains, separated by dislocation 
walls, and occurs during plastic deformation. Since the domains 
are formed by the exposure to a non-hydrostatic stress field, 
crystals showing these optical effects may preserve some amount 
of residual elastic strain. This has been suggested based on a 
measurable degree of optical birefringence observed in nomi-
nally uniaxial quartz crystals (Starkey 2000). The quantitative 
documentation of residual elastic strain preserved in quartz in 
a natural rock has been hampered by experimental difficulties. 
Neutron diffraction has been used to measure internal strains in 
metals (Daymond 2006; Hauk 1997; Noyan and Cohen 1987) 
and sandstones (Pintschovius et al. 2000; Darling et al. 2004). 
The disadvantage of using diffraction on bulk polycrystalline 
samples is that it averages over many orientations, thereby 
limiting spatial resolution. This limitation can be overcome by 
using a micro-focused (~1 µm) synchrotron X-ray beam with a 
large energy spectrum (white beam) and recording local Laue 
single-crystal diffraction images with a high spatial resolution 
within a single grain. Laue diffraction has been previously used 
to assess qualitatively the defect structure of deformed quartz 
(Wenk 1966). By comparing derived lattice information with 
theoretical values for unstrained crystals yields a quantitative 
characterization of the orientation matrix of the specific local 
spot, as well as the deviatoric component of the strain tensor 
(Tamura et al. 2002). In this paper, we report a first application of 
microfocus X-ray diffraction to quantify the relative orientation 
and residual deviatoric strain in quartz from granite in the vicin-
ity of a deformation zone. It appears that considerable residual 

strains are indeed preserved.
The sample we have chosen for this investigation is a granite 

adjacent to the Santa Rosa mylonite zone in Southern California 
that grades from ductile deformation at depth to brittle defor-
mation (Wenk 1998; Pehl and Wenk 2005). An uncovered thin 
section of sample PC 89 was prepared in a standard way (30 µm 
thickness, mounted on a glass slide with epoxy). Quartz shows 
undulatory extinction (Fig. 1a), and for this study we selected a 
crystal that is surrounded by biotite, muscovite, and plagioclase. 
Results from this moderately deformed quartz grain were then 
compared with a 30 µm thick thin section of a hydrothermally 
grown synthetic quartz crystal.

Strain measurement

Experiments were performed on beamline 12.3.2 of the 
Advanced Light Source of Lawrence Berkeley Laboratory. A 
white (5 < E < 22 keV) X-ray beam was focused with a set 
of Kirkpatrick-Baez mirrors to a 1 × 1 µm spot. The sample 
was placed on a high-precision stage and scanned through the 
X-ray beam at its focus spot. At each step a Laue diffraction 
pattern was collected in reflection geometry, using a Mar133 
X-ray-CCD detector mounted at 90° to the incident beam (Fig. 
2, insert). The sample to detector distance was calibrated with a 
Si-crystal, mounted on the thin section next to the scanned area. 
More details on the experimental set-up are given in Kunz et al. 
(2009). All Laue patterns were automatically indexed using the 
local software package Xmas (Tamura et al. 2003). A typical 
experimental image, with some selected indexed reflections, 
is shown in Figure 2. Considerable peak-splitting is evident, 
indicating significant misorientations and strain, even within 
the small diffracting volume.

Two scans with different spatial resolution were recorded. 
The first enclosed an area of 1.475 × 0.575 mm with a step size 
of 25 µm. Within this area, a second more detailed scan recorded 
0.27 × 0.195 mm with 5 µm step-resolution. The zoomed-in area * E-mail: wenk@berkeley.edu


