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Nano- and micro-scale imaging of rocks with X-ray ptychography
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X-ray ptychography is a lensless, coherent-diffraction imaging technique developed over the last

20 years that affords 10-nm resolution for optically thick specimens

1

. It reconstructs the optical

transmission function (OTF) of a sample from raster-scanned overlapping 2D transmission

diffraction patterns through iterative phase retrieval algorithms

1,2

. The OTF projects the refractive

index of the sample along the incident beam and thus quantifies the phase shift and amplitude

attenuation of the transmitted beam

2

, which in turn relate to the projected electron density of the

specimen. X-ray ptychography is therefore an ultramicroscopy technique that is very well suited to

mapping nano- and micron-sized objects with significant density differences relative to the bulk

such as pores and dense accessory minerals.   

In this contribution, we present a primer for the application of X-ray ptychography to nano- and

micro-scale studies of rocks. First, we illustrate the underlying physical principles that guide the

data processing and interpretation of ptychographs. Then, we show exemplary applications to a

wide range of rock samples (e.g., seismogenic brittle fault rocks, mylonites, veins, shale, and

micrite) imaged at the XFM beamline of the Australian Synchrotron

3

over the last 5 years

4,5

.

Application examples include the measurement of sample surface roughness, imaging of cracks

and pores, 3D porosity measurements, and the detection of buried accessory phases.
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