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1. Field of investigation
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“.... Earth scientists should be able to explain the few meter 
slip of San Andreas Fault during an earthquake on the basis of 
the breaking of chemical bonds in silicate minerals…” 
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2. Materials to be investigated
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Available materials: 

Extraterrestrial materials

Deep Earth samples

Rocks from Earth surface 

Potential materials:

Planetary materials

Earth’s core 

Synthetic analogues
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Cometary dust found on the 

surface of the earth

A fine-grained particle captured 

on the ISS
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SOLID SOLUTIONS 

 The structural relaxations associated with the element 
substitution, which affect the stability of the solid solution;

 the relationship between local structural deformation and the 
deviation from the ideal behavior of the solid solution; 

 the location of minor and trace elements, which can explain 
 a) the element partitioning between coexisting phases 
 b) the modification of the technological properties of 

materials

 the detection of order versus random distribution of specific 
elements or clustering effects. 
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Pyrope Mg3Al2 (SiO4)3 

Grossular Ca3Al2  (SiO4)3 

Almandine Fe3Al2  (SiO4)3 

Spessartine Mn3Al2  (SiO4)3 

Andradite Ca3 Fe3+
2(SiO4)3 
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3. Techniques
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Earth Sciences in general adopt the techniques 

developed by other disciplines (Physics, Chemistry, etc)

In a few areas the Earth Sciences were the driving force 

to develop and optimize novel instrumentation/methods:

o High-pressure and ultra-high pressure research 

(XRD-XAS)

o High sensitivity – high spatial resolution crystal 

chemical mapping (XRF-XAS-XRD)
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 Applications of conventional techniques, 
with better performances in terms of

• Resolution (spatial, energy)
• Smaller samples
• Faster measurements

 Use of techniques not available in the 
laboratory

 Exploit the flexibility of synch radiation 
for combined and/simultaneous 
experiments, or in conditioning 
environment

Diffraction
(Sx-XRD, XRPD)
Imaging
(radiography, 
tomography)

XAS
XRD-μCT

SAXS-WAXS
WAXS-FTIR
XRD-XAS
XRD-DLS
···
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the exp peak profile shape

• the measured peak profile is the 
convolution of all instrumental and 
sample parameters 

• common exp aberrations:

– axial divergence

– sample shift

– asymmetry

– absorption/transparency
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2D detectors

high resolution

instruments

fast 

measurements



time scale of experiments

“equilibrium” time-resolved
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Non ambient XRD has been performed in the last 10-15 years in 

several operating modes:

“slow”

(tr > 1 sec)

“fast”

(tr < 1 sec)

kinetic studies

(i.e. qualitative 
and quantitative 

phase info)

equilibrium studies

(i.e. direct
refinement of

structure details)

state of the art in the 

lab

routine @ SR and 

neutron facilities 

state of the art

@ SR and neutron 

facilities

state of the art in the 

lab

routine @ SR and 

neutron facilities 

routine in the lab
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HT apparatuses
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LT apparatuses
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HP apparatuses
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HP apparatuses
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HP apparatuses
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Melting T of 

Fe @ 330 GPa
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 combined experiments = the sample is measured at 

different times using different techniques and experimental 

settings in sequence.

 simultaneous measurements = the sample is 

excited and different signals produced by the sample are 

measured at the same time
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simultaneous SAXS-WAXS exp.
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WAXS does not mean only Bragg-Diffraction:

 Total scattering  !!!

www.diffpy.org/products/xPDFsuite.html
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simultaneous

SAXS-WAXS-FTIR 

exp.

W. Bras archive, ESRF
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simultaneous

SAXS-WAXS-Raman

exp.

W. Bras archive, ESRF
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simultaneous

HT-WAXS-MS exp.

time resolved
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simultaneous XRD-XAS exp.
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simultaneous XAS-UV Vis exp.
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simultaneous

XRD-DLS exp.

GILDA

ESRF
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simultaneous

XRD-XRF exp.

2D XRD 

mapping
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10-100 nm 100 nm-1 µm 1 µm-10 µm

FIB-nT SR-µCT LAB-µCT



X-μCT experimental setup

X-ray   

source

Sample

Turntable

Digital 

detector

Raw data: 2D radiographs

Reconstruction 

process (e.g. 

filtered back 

projection 

algorithm)

Reconstructed images: slices absorption contrast
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X-μCT of HPSS pellets

3D viewØ ~ 6 mm

Ø ~ 6 mm
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conventional

reconstruction

phase retrieval

(ANKAphase)

Weitkamp et al., J. Synch. 

Rad. 18, 617, 2011
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ID22 now closed and replaced by ID16NI and ID16NA

ESRF @ Grenoble



OPC 24 h OPC 72 hOPC 8 h
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pores
clinker 

particles

hydration 

products
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μ-CT tomography
3D textural features in 

non-invasive mode

XRD-μ-CT
3D distribution of 

crystal phases

Time-resolved

μ-CT 

time evolution of 3D 

textural features

Time-resolved

XRD-μ-CT

Time-resolved 3D distribution

of crystal phases: kinetics of 

dissolution and precipitation
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tomographic

energy dispersive 

diffraction imaging (TEDDI)
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Pencil beam tomographic scan



SILS - Muggia 2017



SILS - Muggia 2017



SILS - Muggia 2017

VOLTOLINI M., DALCONI M.C., ARTIOLI G., PARISATTO M., VALENTINI L., RUSSO V., TUCOULOU R.: 

Understanding cement hydration at the microscale: New opportunities from "pencil-beam" synchrotron X-ray

diffraction tomography. J. Appl. Cryst. 46, 142-152, 2013. DOI: 10.1107/S0021889812046985



Sample2_slice1_Ettringite

100
110
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Sample2_slice1_ Ettringite

Model: C3S, C2S, C3A, C4AF, Ettringite, portlandite
Type: 1D-fit
Fitting parameter: scaling

Ettringite
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Sample2_slice1_glass capillary

ROI

Back projection
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Sinogram



4 m / pixel 50 m

A = total surface

F = ettringite fraction in slice

a = area of pixel

f = ettringite fraction in i th pixel

N = number of pixels

k = normalizing factor

I = grayscale value of i th pixel
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Valentini et al. J. Appl. Cryst. (2011). 44, 272-280
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ettringite C-S-H

portlandite
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Time-resolved diffraction tomography Δ-maps

𝐺𝑖
∆ 𝑡∆, 𝑥, 𝑦 = 𝐺𝑖 𝑡2, 𝑥, 𝑦 − 𝐺𝑖 𝑡1, 𝑥, 𝑦
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Radial functions pertaining 

to different nucleation 

mechanisms. 

The blue curve  indicates 

heterogeneous CSH 

nucleation from the surface 

of the dissolving C3S 

particles, whereas 

the red curve indicates 

homogeneous growth from 

the CSH seeds dispersed in 

the cement pores.
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CSH seeded

CSH seeded
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Hydration process
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Hydration process
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Thank you 

for your attention !
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Earth scientists are Earth lovers


