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INTRODUCTION

Fluid inclusions are common tools for reconstructing the
P-T-X history of mineral growth and subsequent evolution.
Consequently, the conclusions we can derive from inclusion
studies are of great interest for the understanding of different
petrological and geological processes. The use of fluid inclu-
sions to infer pressure and temperature data is based on the
hypothesis that inclusions are closed systems, that is, they never
changed their volume (isochoric), molar volume (volume/num-
ber of moles), and chemical composition after trapping in the
host mineral.

Recent studies, however, have shown that fluid inclusions
might be affected by reactions, deformation, and leakage with
a change in density and/or composition (i.e., a re-equilibration
process; Touret 1992; Vytik and Bodnar 1995a, 1995b and ref-
erences therein). Although most studies concentrate on H2O-
rich inclusions in quartz, re-equilibration also affects CO2

inclusions in olivine crystals, particularly those originating at
mantle depths (e.g., Wanamaker and Evans 1989): only a few
inclusions can be considered representative of the original trap-
ping conditions in the upper mantle (e.g., Frezzotti et al. 1992;
Neumann et al. 1995; Szabo and Bodnar 1996). Ultramafic
xenoliths (including those from the Canary Islands) are gener-
ally interpreted as pieces of refractory mantle that were incor-
porated in the fast-ascending (0.1–5 m/s, Spera 1984)
alkali-basalt magma. Because of the rapid drop of external pres-
sure occurring at very high temperatures (1100–1200 °C), fluid
pressure exceeds the confining pressure and inclusions may
decrepitate (Pfluid inclusion > Plith). Re-equilibration by partial de-
crepitation resets the fluid inclusion density to lower values:

these lower values are given petrogenetic significance because
they are considered representative of the pressure conditions
of shallow magma chamber residence, allowing one to con-
strain the depths of magma accumulation (Frezzotti et al. 1991;
Szabo and Bodnar 1996; Hansteen et al. 1998).

Non-decrepitative leakage of fluid inclusions may occur by
diffusion of molecules from the inclusions into the host min-
eral. Usually the transport mechanism is not “lattice” diffu-
sion, and it strongly depends on the presence of “open spaces”
in the crystal structure, along which diffusion can occur at higher
rates. These open spaces are represented by crystal defects—
as vacancies, dislocations, stacking faults, intergrowth defects,
and other structural misfits (e.g., Veblen 1985). Pipe diffusion
along dislocation cores is an example of enhanced diffusion by
crystal defects.

The occurrence of these “open channels,” connected to re-
equilibrated fluid inclusions, may not be evident at the optical
microscopy scale: in such cases, a TEM investigation is neces-
sary to understand the processes by which the fluid leakage
takes place. An exhaustive TEM study on fluid inclusion re-
equilibration was performed by Bakker and Jansen (1994).
These authors showed a preferential leakage of H2O with re-
spect to CO2 in synthetic H2O-CO2 fluid inclusions through
dislocations that were formed by fluid overpressure in the in-
clusion. Preferential loss of H2O is explained as due to its chemi-
cal-physical affinity with the host quartz and to the lower size
of the H2O molecules with respect to CO2 molecules (which
can further react with H2O to form larger H2CO3 molecules).

The present study deals with CO2 + glass inclusions in oli-
vine grains from mantle xenoliths. Microthermometric mea-
surements revealed that most inclusions were re-equilibrated
at lower densities, with a wide spread in the measured density
data. Because no evidence of decrepitation was observed at
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ABSTRACT

CO2-rich fluid inclusions were observed in olivine from mantle xenoliths from the Island of
Tenerife, Canary Islands. Inclusions that are present in deformed olivine porphyroclasts consist of
CO2 fluids + minor high-alkali, silica-rich glass ± Ni-Fe sulfides. Homogenization temperature dis-
tributions reveal that most of the inclusions (originally trapped at mantle conditions) re-equilibrated
to lower density values.

Transmission electron microscope (TEM) studies indicate that most fluid inclusions appear as
perfectly euhedral negative crystals, with variable shape (from prismatic to equant), size (from <0.02
to 0.15 µm), and inner texture. Different kinds of negative crystals may coexist in the same trail of
inclusions. Inclusions are commonly connected to structural defects (dislocation arrays formed after
fracture healing), which represent a possible path for leakage of the fluid phase. These microstruc-
tures, undetectable by optical microscopy, could have modified the original composition and/or
density of the inclusions through CO2 diffusion; consequently, they should be taken into account for
the correct interpretation of microthermometric results.
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