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ABSTRACT

This study conducted a systematic investigation on the petrology and geochronology of granulites
exposed in the Huangtuling area in the Dabie orogen, China. The results demonstrate that the rocks
experienced at least two periods of granulite facies metamorphism (GFM), including an older
high-pressure (HP) GFM and a younger low-pressure (LP) GFM related to two orogenic cycles in
the Paleoproterozoic and Cretaceous, respectively. Dating of different accessory minerals yielded
two groups of metamorphic ages: ∼2.0 Ga recorded by zircon and ∼120 Ma recorded by rutile and
apatite. Combined with their trace element compositions, it is suggested that zircon ages represent
the timing of older GFM and rutile and apatite record the timing of younger GFM. This demonstrates
that accessory minerals can differentially record the timing of different periods of GFM. Zircon retains
comprehensive information about the older event but lacks information on the younger one, while rutile
and apatite exhibit the opposite pattern. The high temperature and low melt/fluid activity of LP GFM
may be potential factors driving contrasting responses of accessory minerals to thermal overprinting,
given their different Pb closure temperatures and limited Zr reactivity in the bulk rock during
Cretaceous metamorphism. Therefore, this study supports petrologic evidence that the Huangtuling
granulites experienced two periods of GFM. Based on the well-constrained regional background, it
can be concluded that the Paleoproterozoic GFM was produced by a collisional orogeny associated
with the assembly of the Columbia Supercontinent, and the Cretaceous GFMwas induced by extension
and collapse of a Triassic orogen. This study highlights the importance of simultaneously dating acces-
sory minerals with different closure temperatures in U-Pb isotopic systems to distinguish between mul-
tiple orogenies, especially in ancient rocks preservingmulti-stage granulite-facies mineral assemblages.
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INTRODUCTION

Granulites are the typical product of crustal metamorphism
and anatexis under high- (HT) to ultrahigh- (UHT) temperature
conditions and could be produced by various orogenies, includ-
ing accretionary orogeny, collisional orogeny, and intraconti-
nental orogeny (Bohlen 1987, 1991; Harley 1989; O’Brien and
Rötzler 2003; Vielzeuf et al. 1990), making them a useful
perspective from which to track orogenic evolution (e.g., Aidoo
et al. 2022; Dong et al. 2019; Faryad and Žák 2016). After for-
mation, granulites can experience HT/UHT thermal overprinting
and develop multi-stage granulite facies mineral parageneses
during exhumation and post-collision stages from within the
same orogenic cycle that produced the granulites (Brandt et al.
2011; Carswell and O’Brien 1993; Jacob et al. 2022; Jiao et al.
2017; Xu et al. 2023; Zhang et al. 2014, 2020c). Moreover,
numerous studies have demonstrated that granulite facies over-
printing can also be triggered by another orogenic event unre-
lated to the event that formed granulites (e.g., Brandt et al.

2018; Harley and Nandakumar 2016; Korhonen et al. 2012;
March et al. 2024; Thiessen et al. 2019; Yang and Wei 2017).
Therefore, ascertaining the relationships between the different
stages of granulite facies metamorphism is crucial. The key to
resolving this problem is to reliably constrain the timing of
different granulite-facies metamorphic stages.

Zircon, an omnipresent accessory mineral in high-grade
metamorphic rocks of the crust, is regarded as particularly suit-
able for determining the timing of granulite facies metamor-
phism due to its three key characteristics: (1) it is easy to
grow at suprasolidus conditions; (2) the high closure tempera-
ture for U-Pb isotopic system; and (3) the usefulness of its trace
elements in constraining metamorphic conditions (Chen et al.
2015; Cherniak and Watson 2001; Ferry and Watson 2007;
Harley and Nandakumar 2014; Taylor et al. 2014; Feng et al.
2024). It has beenwidely demonstrated that zircon has the ability
to record the timing of multi-stage granulite-facies metamor-
phism produced within the same orogeny and by multiple oro-
genies (e.g., Gao et al. 2017; Möller et al. 2003; Yang and Wei
2017; Zhang et al. 2020b). However, zircon in granulites may
exhibit an inhibited response to HT/UHT thermal overprinting,
potentially leading to younger orogeny being overlooked
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