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Garnet as a major carrier of the Y and REE in the granitic rocks: An example from the
layered anorogenic granite in the Brno Batholith, Czech Republic
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Garnet and other rock-forming minerals from A-type granite dikes in the Pre-Variscan Brno Batholith
were analyzed to determine relative contributions of individual minerals to whole-rock Y and REE
budget and to assess incorporation mechanisms of these elements in garnet. Minor to accessory garnet
(<2 vol%) is the essential reservoir for Y+REE in the Hlína granite accounting ~84% Y and 61% REE
of the total whole-rock budget. Zircon is another important carrier of REE with ~13% Y and ~11%
REE. At least ~21% REE and 1% Y were probably hosted by Th- and U-rich monazite that has been
completely altered to a mixture of secondary REE-bearing phases. The contribution of major rockforming minerals (quartz and feldspars) is low (~1% Y; 10% LREE; ~1% HREE) excluding Eu, which
is hosted predominantly by feldspars (~90%). Minor to accessory muscovite and magnetite incorporate
~1% Y and ~2% REE of the whole-rock budget. Magmatic garnet Sps41–46Alm28–44And0–13 Grs6–12Prp0–1
via the menzerite-(Y) substitution. The Y and REE show complex zoning patterns and represent sensitive indicator of garnet evolution, in contrast to a homogeneous distribution of major divalent cations.
General outward decrease of Y+REE is a common feature due to the strong partitioning of Y+HREE
early garnet I; the YbN/NdN ratio generally decreases from the core to rim of garnet I. Higher Mn and
Al, lower Ca, and Y+REE contents, as well as higher YbN/NdN ratio and more negative Eu anomaly
in garnet II overgrowths indicate its crystallization from a more evolved melt. Application of zircon
saturation geothermometry provides upper temperature limit of 734 ± 14 °C for the closed-system
crystallization. Mineral equilibria reveal that crystallization started at QFM + 1.2, and preferential
sequestration of Fe3+ into garnet and magnetite was responsible for progressively reducing conditions.
stage of the granitic magma, occurred at 658–663 °C and QFM 0 to + 0.8, hence at undercooling of
~75 °C.
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Magmatic garnet (almandine-spessartine) occurs mainly in
granitic pegmatites, aplites, and felsic peraluminous S-type granitoids (e.g., Allan and Clarke 1981; Miller and Stoddard 1981;
Harrison 1988; Dahlquist et al. 2007; London 2008; Sheibi et al.
2010; Müller et al. 2012); it is rare in A-type (Zhang et al. 2009,
2012) or I-type (Wu et al. 2004) granites. Garnet is a useful indicator of changing magmatic conditions during its crystallization
and peritectic reactions (e.g., Dahlquist 2001; Wang et al. 2003a;
Dahlquist et al. 2007; Erdmann et al. 2009; Lackey et al. 2012). It
has also been identified as an important carrier of Y+HREE (Jaffe
1951; Dudykina 1959; Vorma et al. 1966; Wakita et al. 1969; Grew
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et al. 2010; Marsh et al. 2012) with up to ~3 wt% Y+HREE in
magmatic garnets (Wang et al. 2003a), and with up to ~13 wt%
Y in metamorphic garnets (Grew et al. 2010; Marsh et al. 2012).
The compositional zoning of Y+REE as a sensitive indicator
of garnet growth and crystallization history has been recently
discussed particularly in metamorphic rocks (e.g., Hickmott and
Shimizu 1990; Lanzirotti 1995; de Lima et al. 1995; Spear and
Kohn 1996; Bea et al. 1997; Holten et al. 1997; Kotková and
Harley 1999; Pyle and Spear 1999; Hermann and Rubatto 2003;
al. 2006; Røhr et al. 2007; Spry et al. 2007; Marsh et al. 2012). By
contrast, there are only a few studies dealing with Y+REE zoning texture in magmatic garnets (Sevigny 1993; Whitworth and
Feely 1994; Wang et al. 2003a; Dorais and Tubrett 2012; Müller
et al. 2012) and evolution of Y+HREE/LREE ratios during garnet
growth (Sevigny 1993; Dorais and Tubrett 2012).
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