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Ore Reflectante Database

1 Scope

Reflected light microscopy has been the main method of ore characterization throughout most
of the second half of the 20" century, but its fate in the future may depend largely on the ability
to increase its performance through reliable quantification and automation. The series of
Quantitative Data Files edited by the IMA / COM, particularly the last version, QDF3 (Criddle
& Stanley, 1993), represents a milestone in the compilation of reliable spectral information on
ore reflectances in visible light, making it possible to aim at automated microscopic
identification of ores based on quantitative data. A joint effort by researchers from the
Universidad Politécnica de Madrid (UPM), AITEMIN, Ruhr Universitaet Bochum (RUB),
and Université de Liege (ULg) has allowed to collect visible and near-infra-red (VNIR)
spectral data from ores in a systematic way for their automatic identification.

2 Materials and methods.

The selection of the polished ore samples to be measured is a most important step. Their high
quality is a key to obtain reliable results. All sections have been previously studied and, if
needed, repolished and / or analysed with electron microprobe (RUB). Only representative ores
from well polished sections with a fresh surface and sufficient grainsize have been measured.
The samples used are mainly from two sources: a replica of the ore collection used for his book
(1980) by Prof. Ramdohr, and the research and / or teaching collections of the UPM, completed
in some cases with ores from RUB.

Traditional ore microscopy resorts to plane polarized light (e.g. Ramdohr, 1980). Although
observations under polarized light are extremely helpful for the qualitative characterization of
ore minerals, they are bound to optical anisotropy and pose problems for routine automation,
due to the difficulty to control the orientation of mineral grains. Therefore the approach chosen
forn this work is to avoid polarization. The values obtained in this way are intermediate
between the extreme R values of QDF3. Usually the values are nearly constant, variations owe
to compositional variaritions (e.g. chromite) or to unavoidable orientation effects when the
minerals have extreme bireflectance (e.g. covellite, stibnite, molybdenite, graphite). Although
common ores can be analysed using simple 3 colour CCD images (Berrezueta & Castroviejo,
2007), multispectral imaging is more reliable (Pirard, 2004). To enhance the discrimination
capacity of the system, not only visible (as in QDF) but also NIR values (up to 1000 nm) are
measured; to do this, the original heat protection filters of the microscopes were replaced by a
heat filterhybrid hot mirror with a wavelength cut well above for WL>1000 nm. For more
detailed descriptions of the methodology, see Pirard et al. (2008), Castroviejo et al. (2008), and
Catalina et al. (2008).

3 Equipment.

The experimental work has been carried out in the Laboratorio de Microscopia Aplicada
(LMA, UPM), and in AITEMIN, with specific instrumentation: automated microscopes for
reflected light (Leica DM6000M in LMA, Zeiss Axioskop 2 MOT in AITEMIN), both
equipped with a DTA RPF16 filter wheel comprising 13 Melles Griot interference filters to
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measure from 400 to 1000 nm, in 50 nm intervals (40 nm FWHM); images were acquired with
a Basler Scout scA1400fm digital video camera with IEEE-1394 interface. The calibration
standards used to date are certified Ocean Optics STAN-SSH and STAN-SSL (for high and low
reflectances, resp.).

The measures are carried out and checked separately in both laboratories. They can also be
compared with values obtained in ULg, with a roughly similar equipment (Olympus BX 60
scope, and filter wheel with 10 nm FWHM Coherent filters). For an additional test of the
process a precision spectral microphotometer, mounted on a Leitz Orthoplan scope, has been
designed at RUB and integrated into the work routine at LMA; instead of single interference
filters and a photomultiplier usable in visible light (Bernhardt, 1987), a monolithic solid state
spectrometer (Hamamatsu C10083CA) is used; it allows measurements from 400 to 1000nm,
with a spectral resolution of 0.3nm.

4 Multispectral VNIR data base

The values measured so far have been compiled in a preliminary data base, comprising the
VNIR results for common ore minerals, i.e. those found in most of the mineralisations of
industrial interest. Values in visible light lie between the maximum and minimum QDF3
values, the curves showing similar trends. The additional NIR values of this work may show
surprising trends that enhance the spectral differences of minerals, signifying better
discrimination between them, e.g. compare the spectra of pyrrhotite and chalcopyrite, or of
covellite and bornite. The multispectral VNIR values are depicted for each ore mineral in a
Specular Reflectance Plot R (%) vs. Wavelength (nm).

5 Authorship

The CAMEVA project has been carried out by a team comprising:

e Universidad Politécnica de Madrid, UPM (Spain): Ricardo Castroviejo, Carolina Brea, Laura
Pérez-Barnuevo, and José Antonio Espi;

e AITEMIN (Madrid, Spain): Juan Carlos Catalina and Fernando Segundo;

e Université de Liege (Belgium): Eric Pirard;

e Ruhr-Universitat Bochum (Germany): Heinz-Jirgen Bernhardt.

Please quote as: Castroviejo R, Catalina JC, Bernhardt HJ, Pirard E, Brea C, Pérez-Barnuevo
L, Segundo F, Espi JA (2010) Multispectral (visible and near infra-red, 400-1000 nm range)
reflectance data file from common ore minerals.
(http://www.minasyenergia.upm.es/laboratorio/microscopia_aplicada).
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