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aBstract
of the nature and formation of the residual pores is very limited. Herein, we report the application of
ultra-small-angle neutron scattering and small-angle neutron scattering (USANS/SANS) to assess the

and marcasite) prepared experimentally by mimicking natural hydrothermal conditions. USANS/
SANS data showed very different pore size distributions for these minerals. Natural violarite and
marcasite tend to possess less pores in the small size range (<100 nm) compared with their synthetic
counterparts. This phenomenon is consistent with a higher degree of pore healing or diagenetic compaction experienced by the natural violarite and marcasite. Surprisingly, nanometer-sized (<20 nm)
pores were revealed for a natural pyrite cube from La Rioga, Spain, and the sample has a pore volume
fraction of
Dam deposit in Roxby Downs, South Australia, were found to be porous with a similar pore volume
fraction ( 15%), but chalcopyrite tends to have a higher proportion of nanometer-size pores centered
at
generally low for these minerals ranging from 0.94 to 6.28 m2/g, and the surfaces are generally rough
as surface fractal behavior was observed for all these minerals. This investigation has demonstrated
that USANS/SANS is a very useful tool for analyzing porosity in ore minerals. We believe that with
the porous minerals can be expected.
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introduction
Porosity is often an overlooked feature of all types of rocks
and also within their constituent minerals. It plays an important
role in several geological processes including metamorphism and
metasomatism as it provides pathways for fluid flow and hence
promotes fluid-rock interactions. Metasomatism is in fact the
alteration of mineral assemblages by hydrothermal fluids and in
the process one assemblage is replaced by another by dissolutionreprecipitation processes (Putnis 2002, 2009). Such hydrothermal
replacement processes are a dominant mechanism in the formation of most types of ore deposits in the Earth’s crust. These
mineral replacement reactions (and recrystallization reactions)
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require the generation of porosity in the product minerals, which
may or may not decay or coarsen over time (see Putnis et al. 2005;
Zhao et al. 2013). The extent of remnant porosity preserved in
the ores over geological time is a subject that does not seem to
have been explored. Although the porosity in hydrothermally
altered rocks has been investigated (Baumgartner et al. 1997;
Norton and Knapp 1977), the petrographical techniques used in
these early studies were not able to measure very small pores.
Small-angle neutron scattering (SANS) is a powerful tool
for the characterization of porosity as it is non-destructive
and requires only simple sample preparation. Different from
gas adsorption or mercury intrusion techniques, which only
measure accessible pores in a limited size range, SANS has the
ability to characterize both accessible and inaccessible pores in
a wider size range. The SANS technique can probe pore sizes
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