Texture studies of naturally deformed rocks using D19 2-D detector
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Lithosphere-scale geological processes involve mechanical and chemical re-equilibrations, which
occur under evolving physical conditions (pressure, temperature, stress, strain, etc.) and during
large time intervals (Ma). These processes cannot be directly observed because of their time-scale
and depth within the Earth but products of past-processes (subduction, continental collision, rifting,
etc.) are collected on the Earth surface as rocks. These are fossils of lithosphere-scale processes.
Rock-forming minerals store information about the conditions suffered during their paths across
lithosphere. When rocks deform they develop macroscopic and microscopic planar or linear fabrics
(shape preferred orientations) marked by minerals or associations of minerals. The chemical
compositions of minerals that support the fabrics reflect the PT conditions (i.e. metamorphic
conditions) attained during their growth or re-crystallization. Minerals marking fabrics that
accommodate finite strain, may also store information about the strain field and deformation
mechanisms active during that deformational stage, in terms of crystallographic preferred
orientations (i.e. textures). In fact, deformation mechanisms, and consequently textures of rockforming minerals, are considered to be mainly controlled by temperature, pressure and strain field
[1; 2] as well starting grain-size and presence of fluids.
The characterization of textures of rocks may be done by means of different tools, as universal stage
(optical microscope), EBSD, X-ray diffraction and Neutron diffraction. The latter has the advantage
of investigating large rock volumes (e.g. 1cm3) in a non-disruptive manner and in a short time
(≈hours), though it doesn’t allow us to know the texture of single grain (e.g. EBSD) but a bulk
statistical orientation of studied rock-forming minerals. Moreover, Quantitative Texture Analysis
from neutron diffraction has another advantage that is to calculate, via ODF (Orientation
Distribution Function) [3], all the available crystallographic plane orientations from an incomplete
sub-set of pole figures of the crystallographic planes detected by diffraction technique. This implies
that it is possible to know the orientation of any crystallographic plane and axis even where they
were not directly “seen”.
We investigated with D19 2D-detector several samples of naturally deformed rocks from the Alps;
the selected samples were previously studied to define the PT conditions of fabric development and
their crustal evolution during alpine subduction-collision by means of meso- and microstructual
analysis and thermobarometrical estimates from chemical compositions of selected grains.
Raw data obtained from D19 have been refined using the Maud software [4] in order to calculate
the ODF. Data obtained at D19 2D-detector show many advantages with respect to those obtained
at D1B and D20, not only for the acquisition time needed for complete coverage of the sample
space (<1hour at D19, 3-4 hours at D20 and more than 10 hours at D1B) but also for the high
increase in resolution, as shown in figure 1.
Quantitative textures obtained with D19 2D detector have been used to reconstruct progressive
deformation in rocks from various level of the continental crust allowing us to investigate strain
states of the Earth crust at different pressure/depth and temperature conditions, reflecting different
mechanical behaviors and deformation mechanisms active in rock-forming minerals.

X - mineral lineation
direction (L2)

domain I

AmpI sub-grain

AmpI

XY - foliation plane (S2)
Y
domain I

Z

XZ - thin section plane

AmpI

domain II

L2

domain I
AmpII

X // mineral lineation

3 cm

Z

M26 sample – gluacophanite from SESIA-LANZO ZONE (Western Alps)

1 mm

AmpII

X

thin section of M26 sample
D20 – 1D detector
λ = 2.41
acq. time = 12-14 hrs
(90 degrees turned)

D1B – 1D detector
λ = 2.54
acq. time = 3-4 hrs

D19 – 2D detector
λ = 1.24
acq. time = <1hr

Figure 1 – Comparison between data collection at D1B, D20 and D19.
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