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The Nb/Ta ratios in most silicate earth  reservoirs are 

generally subchondritic (< 19.6±0.6), and thus a ‘hidden’ high 
Nb/Ta ratio reservoir is expected in the deep Silicate Earth. 
The core of the Earth [1] and the deep recycled eclogites [2] 
have been regarded as the candidates of the high Nb/Ta 
reservoirs. However, high-pressure experiments demonstrate 
that the melts/fluids released from the HP-UHP eclogite 
commonly have higher Nb/Ta ratios than the residue rutile-
bearing eclogites [3-5]. Such melts and fluids with high HFSE 
and Nb/Ta ratios are expected to penetrate into the cold mantle 
wedge just above the subduction slab and result in significant 
metasomatism. However, the Nb/Ta ratios in the metasomatic 
cold mantle wedge are still unclear.  

A relevant case study is represented by a mafic-ultramafic 
complex in Maowu, Dabieshan UHP belt, eastern China. It is 
mainly composed of orthopyroxenite and garnet 
orthopyroxenite, with minor garnet clinopyroxenite, garnet 
websterite, harzburgite and dunite. The Maowu pyroxenites 
are formed by interactions of refractory mantle wedge 
harzburgite or dunite with slab-derived fluid. Most of these 
metasomatic pyroxenites and peridotites contain Ti-
clinohumite, which is the major Ti-Nb-Ta-bearing mineral in 
these rocks. The Ti-clinohumite is formed by the interaction 
between protolith olivine and a UHP (~5.5 GPa, 800 oC) slab-
derived fluid rich in Ti, Nb and Ta. The whole-rock Nb/Ta 
ratios in most fresh metasomatic pyroxenites and peridotites 
are superchondritic (20-28), however, the unmetasomatic 
harzburgite and dunite still have subchondritic Nb/Ta ratios 
(13-17). The Nb/Ta ratios in the Ti-clinohumite are similar to 
those of the whole rock. The superchondritic Nb/Ta ratios in 
the Maowu metasomatic pyroxenites and peridotites indicate 
that the cold metasomatic mantle wedge just above the 
subduction slab may be the potential “hidden” superchondritic 
Nb/Ta reservoir in the Silicate Earth. 
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A combined in situ SIMS and LA-(MC)-ICPMS study 

incorporating of U-Pb dating, trace elements, O-Hf isotopes 
was conducted on zircons from ultrahigh-pressure 
metamorphic rocks at Qinglongshan in the Sulu orogen, 
China. The results indicate that many zircons are actually 
different proportions of mixtures between residual cores and 
metamorphic overgrowths, with contrasts in (18O values, U-Pb 
ages, Th/U ratios and REE patterns. Generally, residual cores 
have U-Pb ages of middle Neoproterozoic, positive (18O 
values, high Th/U and 176Lu/177Hf ratios, high REE contents, 
and type magmatic REE patterns. They crystallized from 
positive (18O magmas in the middle Neoproterozoic. In 
contrast, newly grown domains show concordant Triassic U-
Pb ages, negative (18O values, low Th/U and 176Lu/177Hf 
ratios, low REE contents, and REE patterns typical of 
metamorphic growth. The domains grew from negative (18O 
fluids that were produced by metamorphic dehydration of 
high-T glacial meltwater altered rocks. The large (18O 
variations between grains and intragrain domains indicate 
varying degrees of O isotope exchange between the residual 
cores and the negative (18O metamorphic fluids. Protolith 
magmatic zircons underwent three types of metamorphic 
recrystallization, with extents of modification depending on 
accessibility of the negative (18O fluids. Solid-state 
recrystallization still maintains the positive (18O values and 
other features of magmatic zircon except some extent of 
lowering in U-Pb ages. Dissolution recrystallization results in 
strongly negative (18O values, almost complete resetting of  
U-Pb ages and partial redistribution of REE systems. 
Replacement recrystallization causes variable negative (18O 
values, partial resetting of REE, and the U-Pb and Lu-Hf 
isotope systems. Therefore, this combined in situ study not 
only places robust constraints on genesis of metamorphic 
zircons, but also allows discrimination between the different 
types of zircons in eclogite-facies metamorphic rocks. 


