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ABSTRACT
Fluid composition studies, throughout fluid inclusions (FI), contribute to improve the understanding of mineral
deposits. FI correspond to small portions of fluids trapped in minerals by many processes that preserve relevant
information related to fluid composition which forms ore deposits. Microscopy and microthermometry
techniques applied to fluid inclusions (FI) studies of opaque and/or dark minerals use infrared light (IR). A
specific stage heating/cooling that allows working in the near infrared (NIR). Thus, the infrared stage model
FTIR600 Linkam coupled the IR OLYMPUS BX51, with the automatic controllers LNP 94/2 and TMS 94, and
software Linksys 32 – Linkam installed in computer was implemented and tested. An infrared QUICAM fast
1394 QIMAGING™ camera with the program QCAPTURE SUITE was acquisition for images capture and
adapted the new system. This infrared stage Linkam FTIR600 reach temperatures between -196ºC to +600ºC,
with the differential of working in the NIR; it is all automated, obtaining computerized data, graphics in real
time of analysis and storage the data. It also controls the speed of the experiment (up to 130ºC/min); it runs
consecutively heating and cooling with a small N2 (l) consuming; besides greater results repeatability, obtaining
accurate and precise temperatures. Actually the Linkam stage FTIR600 is operating in the Metalogenesis and
Fluid Inclusions Laboratory (LIFM) at CDTN/CNEN. Uranium ore and/or others mineralization studies which
shows dark or opaque mineral have been developed. The uranium mineralization in the Lagoa Real Uraniferous
Province, Bahia, Brazil, shows several rock-forming minerals together with the dark and opaque minerals
(garnet, magnetite, pyroxene) emphasized in the present work.

1. INTRODUCTION
In order to understand the geochemistry of fluids present in the ore deposits it is essential to
research the fluids responsible for their generation [1].
Fluid inclusions (FI) are portions of mineralizing fluids trapped and preserved in
microcavities occurring inside minerals, showing the physico-chemical conditions reigning
during or even after the formation of minerals [2, 3].
Meanwhile some dark minerals in the visible light are opaque due to band gap transitions,
which make impossible the microscopic characterization and the study of the fluid inclusions
inside them [4, 5, 6].

When the energy of photons is less than the minimum required for this electronic transition,
the light is not absorbed and mineral behaves as transparent in this wavelength. As the
infrared (IR) energy is less than that of visible light, when the opaque minerals are submitted
to this radiation, they behave themselves as transparent, and it is thus possible to study them
[5, 7, 8].
FI microthermometric studies are based on change phases of the sample, induced from its
heating and/or cooling achieved in special stages that are adapted to petrographic
microscopes [2, 3].
The way these changes phases occur and the temperature at which they occur, combined with
the phase diagrams, enables to estimate the chemical composition, molars fraction, density,
fluids salinity, besides minimal formation temperatures and pressures [3].
In order to obtain reliable data and relevant information a specific equipment that allows
working with dark/opaque minerals is needed and is valuable in ore research.
All the work involving uranium genesis studies are fundamental to obtain the ore, from
researching to ore processing. It can also lead to location of new anomalies or mineral
deposits.

2. METHODOLOGY
The study was conducted in two parts, one dependent on another. In the first part it was
implemented the system to perform microthermometric analysis in the near infrared region.
The equipment used was purchased by the Fluid Inclusions and Metalogenesis Laboratory
CNEN/CDTN/LIFM coupled to the infrared petrographic microscope OLYMPUS BX51, in
the Linkam FTIR600 infrared stage with all drivers, in addition to infrared camera QICAM
fast 1394 for the capture of QIMAGING images.
Following the stage operation, microthermometric analysis was performed in some of the
dark minerals of Cachoeira Uranium Mine, Lagoa Real - BA (anomaly 13).

3. RESULTS AND DISCUSSIONS
3.1. Infrared Linkam FTIR 600 Stage
FTIR600 - Linkam stage works within near infrared region NIR and it is programmed by
TMS 94 - Linkam controllers for heating and LNP 94/2 for cooling (Fig. 1). Data obtained
are analyzed on real time through controllers interfaced with a computer, applying software
Linksys 32 - Linkam.
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Figure 1. FTIR600 - Linkam; TMS 94 - Linkam;
LNP 94/2 - Linkam; infrared microscope;
QUICAM fast 1394 camera.

FTIR600 - Linkam works with an XY manipulator that permits great mobility with visual
observation field, purge gas and no tarnish. Besides it owns clamps for mounting on the
microscope; four sample holders supporting even liquid analysis.
Cooling is obtained by inserting a flow of liquid nitrogen, reaching a minimum temperature
around -196.0ºC. Heating is achieved by an electrical resistance, until a maximum of
+600.0°C.
Controllers allow to program: (i) the limit of a temperature; (ii) the rate of experiment
(ºC/min.); (iii) multiple sequences of consecutive heating and/or cooling rates; (iv)
maintenance of temperature; (v) sequences of measurements. TMS 94 - Linkam uses a Pt/Rh
temperature sensor, type S, with accuracy of ±1ºC, resolution (switchable) from 0.1ºC to
0.01ºC and interval time between sequences from 0 to 9999 seconds.
Software Linksys 32 - Linkam makes all experiments automatically and defines the
experimental conditions, with data storage and retrieval of graphics in real-time analysis with
the combination of image data (Fig. 2).
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Figure 2. Software window, generated graphic
and photo for video production by Linksys32.

Opaque minerals analysis needs to be followed by visual observation that requires an infrared
camera for images caption. To complement the new equipments an infrared camera QICAM
fast 1394 (QIMAGINGTM) was associated to a QCAPTURE SUITE with digital interface that
allows the complete control, taking photos, making films and easily transferring images from
camera to computer.
Linksys 32 software provides accuracy measurements from 0.1 to 0.01, produce videos with
only one test performed is another advantage that excludes the execution of excessive
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experiments which certainly would change temperature and pressure conditions inside fluid.
The reason for these changes is that cooling of fluid will increase its volume, surface of
contact, interaction between fluid/host and possible alteration of its composition caused by
freezing of fluid. As a consequence, increasing number of experiments to obtain more data
will induces to an analytical error in the measure.
3.2. Microthermometric Studies in Dark Minerals Associated to Uranium
Mineralization from Cachoeira Mine
Cachoeira Mine is located in Lagoa Real Uraniferous Province, in center-south of Bahia. The
uranium mineralization is associated to titanite, pyroxene, amphibole and garnet in rocks
named albitites. These rocks were formed during igneous process and were lately submitted
to metamorphic events which produced uranium precipitation as uraninite (UO2) [9, 10].
The albitite studied has primarily pyroxene, plagioclase, microcline, garnet and amphibole
and accessory minerals, apatite, biotite, titanite, zircon, fluorite, calcite and epidote (Fig. 3).
The FI are found usually in plagioclase, pyroxene, amphibole and garnet.
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Figure 3. Photomicrograph the some albitite
minerals. mg = magnetite; pl = plagioclase; ur =
uraninite; px = pyroxene; gr = garnet.

Pyroxene, amphibole and garnet have dark color, specifically in FI thin sections (double face
polished) as these are thicker than petrographic ones. The dark color of these minerals makes
IR equipment very efficient, enabling better visualization of the FI (Fig. 4).
Microthermometric analyses on fluid inclusions were effectives in Linkam FTIR 600 stage in
garnet and pyroxene. The FI studied were triphasic (liquid + vapor + solid) in garnet and
biphasic (liquid + vapor) in pyroxene, being both primary. Preliminary results show for
pyroxenes a salinity media 17.0 wt.% NaCl equivalent and for garnet 13.5 wt.% NaCl
equivalent, with respective ice melting temperature of (Tmice) -13ºC and -10ºC.
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Studies are still being developed in order to better understand the uranium genesis of Lagoa
Real. It is necessary to obtain more microthermometric data and other information about
regional geology for inferred uraniferous mineralization.
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Figure 4. Photomicrograph with visible light (left)
and infrared (right) for FI in garnet (A, B) and
pyroxene (C, D).

4. CONCLUSIONS
Preliminary studies of fluids present in pyroxene and garnet have been made in LIFM [11]
and the FTIR 600 stage use has been crucial to obtain more reliable data since the FI
visualization in dark minerals becomes more efficient. Another studies related to Lagoa Real
uraniferous mineralization are actually in development and FTIR 600 stage is used aiming to
reduce analytical errors due to improve observation of changes in the phase.
The laboratory LIFM/CDTN has a pioneer system, the first implemented in South America,
with infrared equipments specific for opaque minerals researches. As early mentioned, the
stage is properly working and allows opaque minerals studies, related to uranium ores or not.
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