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Many recent studies focus on Gondwana reconstructions in Dronning Maud Land, East Antarctica, in order to understand the
temporal and spatial assemblage of continental fragments during Late Proterozoic-Early Paleozoic orogenic belts (e.g.,
Fitzsimons, 2000a, b; Shiraishi et al., 2008; Osanai et al., 2013; Jacobs et al., 2015; Elburg et al., 2016; Kitano et al., 2016;
Ruppel et al., 2020). Among the several amalgamation models proposed recently, the Sgr Rondane Mountains (SRM) is
interpreted to be one of the key areas where two orogens crossed (e.g., Satish-Kumar et al., 2013 and references therein); the
East African-Antarctic Orogen at ca. 750-620 Ma (EAAQ; Jacobs et al., 2003; Jacobs and Thomas, 2004) and the Kuunga
Orogen at ca. 570-530 Ma (Meert, 2003). In the SRM, the Northeastern-terrane (NE-terrane) and the Southwestern-terrane (SW-
terrane) are considered to have collided at 650-600 Ma during which the thrust-up movement of the NE-terrane took place over
the SW-terrane (Osanai et al., 2013). Osanai et al. (2013) suggested that the timings of peak metamorphism (650-600 Ma) and
retrograde metamorphism under andalusite-stability field (590-530 Ma) are simultaneous in the NE- and SW-terranes. The
previous studies mainly used separated zircon grains, and mainly used Th/U ratio to discriminate metamorphic zircon domains.
In order to understand the tectonic evolution in the SRM, however, it is important to precisely link zircon geochronology with
metamorphic events. Distribution coefficient of rare earth elements (Dgree) between zircon and garnet is a useful tool to evaluate
equilibrium zircon-garnet pairs (e.g., Harley et al., 2001; Rubatto, 2002; Taylor et al., 2017). However, only limited number of
previous studies examined Dgree between zircon and garnet in the SRM (e.g., Hokada et al., 2013), and limited number of studies
performed in situ zircon dating as well (e.g., Higashino et al., 2013; Higashino et al., 2015; Kawakami et al., 2017). In this study,
therefore, taking the microstructural constraints into account, the Dree between zircon and garnet and in situ U-Pb dating of
zircon are utilized in order to reliably determine the timing of garnet-forming metamorphism in selected regions of the SRM.

Seven samples of pelitic and mafic gneisses are selected from both the NE- and SW-terranes in the SRM. By comparing
Dree between zircon and garnet with published equilibrium Dgree values between these minerals (Taylor et al., 2017), garnet-
zircon equilibrium pairs are recognized in five samples from Balchenfjella, Perlebandet, Brattnipene, and Pilten. In addition, in
situ U-Pb zircon ages are obtained from the same zircon domains as REE analysis, in order to constrain the timing of garnet-
zircon equilibrium/disequilibrium. As a result, in the NE-terrane (Balchenfjella), garnet core and garnet rim from Bt-Grt gneiss
are considered to be in equilibrium with zircon, and the timing is constrained to be ca. 560 Ma. The garnet core from Grt-Bt-Sil
gneiss is also evaluated to be in equilibrium with zircon at ca. 600 Ma. In the SW-terrane, on the other hand, timing of garnet
formation in equilibrium with zircon is constrained to be ca. 580 Ma for garnet overgrowing sillimanite from Grt-Sil-Bt gneiss
(Perlebandet), ca. 620 Ma for garnet core in the wall rock of Grt-Opx-Hbl gneiss cut by Grt-Hbl selvage (Brattnipene), and ca.
550 Ma for garnet core from Grt-Bt gneiss (Pilten). In some samples, timing of garnet rim formation in equilibrium with zircon
is not constrained. This is because zircon rim was too thin for REE analysis. Therefore, there is a possibility that the unanalyzed
thin zircon rims could be an equilibrium counterpart of the garnet rims.

Garnet-forming metamorphism occurred at 620-550 Ma in the SRM. This is simultaneous with the timing of Kuunga
orogeny and the final stage of EAAO. The garnet-forming ages of < 600 Ma are recognized in both the NE- and SW-terranes.
The timing of garnet-forming metamorphism can be interpreted as that of the peak or near-peak metamorphism. The peak
metamorphic ages of < 600 Ma are not consistent with the previous tectonic model of the SRM based on peak metamorphism at
650-600 Ma (Osanai et al., 2013). In addition to the NE- and SW-terranes, smaller blocks with different metamorphic history
are likely. Such young metamorphic ages (< 600 Ma) are previously reported elsewhere in the SRM (e.g., Shiraishi et al., 2008;
Adachi et al., 2013; Grantham et al., 2013; Higashino et al., 2013). Constraining the P-T-t paths of the metamorphic rocks having
different metamorphic timings is indispensable to further discuss the tectonic evolution of the SRM.
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