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Tourmaline – an ideal geochemical recorder in
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The extensive P-T stability and the high chemical variability of
tourmaline (Tur) together with its common occurrence in
metasediments proves its high potential for petrologic and
(isotope) geochemical studies on fluid-rock interaction in
subduction and collision-related rocks. Its occurrence in natural
rocks combined with experimental data demonstrates that at
least some members of the Tur group are stable in subducting
slabs to a depth of at least 150 km, possibly even 250 km. Tur
of the schorl-dravite solid-solution series with coesite inclusions
has been discovered from the Erzgebirge and from the Western
Alps, and is taken as unambiguous evidence for the
crystallisation of Tur under UHP conditions.
(U)HPM rocks are the products of complex histories, and
the occurrence of Tur in any given sample may be related to one
or several of a number of different processes. The first aim in a
petrologic or geochemical study involving Tur, therefore, has to
be the identification of the Tur-forming process by petrographic
or petrologic means. In general, Tur may be (1) a relic from the
pre-metamorphic protolith (e.g., detrital grains), or (2) may
have formed from B released from surrounding minerals during
prograde metamorphism, or (3) may have formed during
metasomatism at any stage of the P-T history. Metasomatic
formation of Tur is a common mechanism and has been
documented for (U)HP metamorphic rocks in a number of fossil
subduction zones. These metasomatic Tur porphyroblasts form
by reaction of silicates with incoming B-rich fluids or melts, in
most cases during the decompression history of the rocks.
Inclusions of Tur in (U)HP phases, or of (U)HP phases in
Tur are probably the best indicators for (U)HP stability and/or
formation of Tur. Coesite found as inclusions in Tur can be
recognised by Raman spectroscopy, which allows for rapid
analyses of a large number of inclusions down to micrometer
size.
Tourmaline is chemically highly variable, confronting us
with the difficulty to decipher a highly relatively complex
mineral system. On the other hand, it presents us with a
geochemical recorder of unparalleled broad representation
across half of the periodic table. Tur records the magmatic or
metamorphic P-T-X evolution of its host rock by changing
major element compositions, such as Mg/Fe and Ca/Na ratios.
Recently, advancements have been made in the investigation of
the thermodynamic properties of Tur towards a quantification of
the metamorphic P-T history during its crystallisation. A wide
range of isotope systems has been applied to Tur, including
major (O, B, Si, H), minor and trace elements (Sr, Pb, Nd, Li)
and both radiogenic and stable isotope systems. Fluid-rock
interaction processes, magmatic-hydrothermal systems and oreforming processes have been reconstructed this way.
Dating of tourmaline has been achieved using the K-Ar and
Ar-Ar techniques, which show blocking temperatures in Tur in
the same range as in amphibole. Pb-Pb and Sm-Nd dating has
also been successfully applied to Proterozoic and Archean
tourmaline. Therefore, it is in some cases even possible to
directly link the wide range of geochemical signals documented
in tourmaline to the ages of their formation.

Eclogite is an important minor constituent of subcontinental
lithospheric mantle (SCLM) (1-3 vol%) and a clear picture of
its origin will help us to understand the origin of the ancient
SCLM. Extensive studies of these rocks have generated two
contradictory hypotheses about their origin; one regards the
eclogites as deep-seated magmatic rocks, while the other
regards them as components of subducted oceanic slabs.
Xenolithic eclogites from Roberts Victor kimberlite (South
Africa) have been studied to constrain their origin.
The Roberts Victor eclogites can be divided into two types
based on differences in microstructure and mineral composition.
Type II eclogites have low Na in gnt and low K in cpx, while
Type I has high values. Type II eclogites are generally fresh and
show equilibrated microstructures. Rutile exsolution in gnt and
cpx, and gnt exsolution in cpx, are only found in Type II. Type I
eclogites, in contrast, are texturally not in equilibrium, and have
many fluid inclusions. Only Type I eclogites contain diamond,
graphite, sulfides and apparently-primary phlogopite.
All the minerals are homogeneous within each sample.
Reconstructed whole-rock compositions show that Type I
eclogites are richer in Mg, K, Rb, Sr, LREE and LILE than
Type II. P-T estimates indicate Type II eclogites are distributed
from 170-200 km depth, but Type I are strongly concentrated in
a layer at 180-190 km depth, just beneath lithosphereasthenosphere boundary. However the abundance of Type II is
low, about 6-8% of Type I.
Sr, Nd and Hf isotopes of gnt and cpx were analyzed in
clean small grains after acid-leaching. The Nd-Hf data for Type
I eclogites define two-point isochron ages (Sm-Nd 100±21 Ma;
Lu-Hf 133±17 Ma) that are identical to the kimberlite eruption
age (128 Ma). Lu-Hf isochron ages for Type II eclogites
(1354±9 Ma) may suggest a connection to the Namaqua-Natal
Orogenic Belt to the south of Kaapvaal Craton. These
differences suggest that Type II eclogites have retained their
initial isotopic compositions whereas the isotopic systems of
Type I eclogites were actively re-equilibrating at the time of
kimberlite eruption. This is also consistent with the petrographic
and mineralogical evidence of fluid metasomatism in Type I
eclogites. Sr, Nd and Hf isotopic ratios at the time of kimberlite
eruption also show marked differences between Type II and
Type I; 87Sr/86Sr is 0.7060-0.7064 in Type I and 0.7013-0.7030
in Type II. O- isotope ratios are also different. Type II eclogites
have δ18O < 4.3‰ and those of Type I have mantle values (ca
5.4) or higher.
These data and observations suggest that Type I eclogites
were being actively metasomatized slightly prior the kimberlite
eruption. Inter-element correlations suggest that the
metasomatism was adding Mg, K, S, Rb, Sr, C (diamonds),
LREE and LILE. Some samples (the present Type II eclogites)
from the same depth range appear to have escaped this process
and preserved their original characteristics.
The calculated fluid in equilibrium with Type I eclogitic gnt
and cpx is LREE-enriched and shows trace-element patterns
similar to those of fibrous diamonds and carbonatitic/kimberlitic
melts. The Sr- and Nd-isotope values are also consistent with
reaction between Type II eclogites and diamond forming fluid
to form Type I eclogites. Type II eclogites therefore are the key
samples for studying the origin of this eclogite suite, since they
may represent the protoliths. Type I, in contrast, are heavily
metasomatised rocks, and retain little evidence of their primary
origin.

