
UHP eclogite from western Dabie records evidence of polycyclic burial during continental 
subduction

Bin Xia1,*, Yunfeng Shang1, Xianbin Lu1, and Yuanbao Wu1

1School of Earth Sciences, State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences,  
Wuhan 430074, China

Abstract
Understanding the behavior of continental crust during subduction is important for investigating 

dynamic processes at convergent plate margins. Although simulations have predicted continental crust 
may experience multiple burial-partial exhumation cycles during subduction, petrological evidence of 
these cycles is scarce. In this study at Sidaohe, western Dabie, we combine microstructural observations 
and mineral chemistry with phase equilibrium modeling, Amp-Pl thermobarometry and Zr-in-rutile 
thermometry to constrain the P-T evolution for three eclogite samples. All samples have a similar 
mineral assemblage of garnet + omphacite + symplectite (amphibole + plagioclase ± clinopyroxene) 
+ quartz, with accessory rutile/ilmenite. Element mapping and analytical traverses across large 
garnets from two samples show obviously systematic variations in Ca and, less strongly, Mg, Fe, and 
XMg [Mg/(Mg+Fe2+)]. Based on phase equilibrium modeling and calculated isopleths for grossular, 
pyrope and XMg in garnet, we show that P first increased from 23.0 to 28.5 kbar, then decreased to 
24.0 kbar, before increasing again to a maximum of 30.5 kbar (±1.0 kbar, 2 sigma error) concomitant 
with a small increase in T from 580 to 605 °C (±20 °C, 2 sigma error) at the late prograde stage. 
These data are interpreted to indicate multiple burial cycles and partial exhumation of eclogite during 
ongoing continental subduction. After the Pmax stage, T first increased to a maximum of 664–644 °C 
at 25.0–20.0 kbar, then decreased to 581–561 °C (±30 °C, 2 sigma error) at 15.0–10.0 kbar based on 
results of Zr-in-rutile thermometry. Further decompression and cooling occurred across P-T fields 
of 590–567 °C at 12.0–10.0 kbar and 520–504 °C (±40 °C, 2 sigma error) at 8.0 kbar. Fine-grained 
symplectite (clinopyroxene + plagioclase ± amphibole) in the matrix is interpreted to have formed 
after omphacite due to dehydroxylation of nominally anhydrous minerals during decompression from 
the Pmax stage. By contrast, formation of coarse-grained symplectite (amphibole + plagioclase) and 
a veinlet of rutile + quartz that crosscuts one sample may be related to influx of externally sourced 
H2O. This study shows that: (1) evidence of cyclic burial and partial exhumation may be retained in 
low-T eclogite during continental subduction, and (2) fluid contributing to widespread retrogression 
of eclogite during exhumation may be internally and/or externally sourced.
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Introduction
Subduction zones play a key role in material recycling be-

tween Earth’s surface and its interior (Zheng et al. 2012). Based 
on geological and geophysical observations, and on numerical 
simulations, a model was developed to understand the dynam-
ics of ocean slab subduction beneath arcs or continents into the 
mantle (Shreve and Cloos 1986; Cloos and Shreve 1988; Gerya et 
al. 2002). In this model, a subduction channel develops between 
the upper and lower plates where a mélange of sediments, crustal 
fragments and fluid accommodates deformation, metamorphism 
and metasomatism (Shreve and Cloos 1986). Subsequently, 
the model was applied to interpret geodynamic processes in 
continental collision zones (e.g., Zheng et al. 2012; Butler et 
al. 2013). Similar to the model for oceanic subduction, during 

continental subduction detached fragments of continental crust 
were predicted to undergo multiple burial-exhumation cycles 
due to convective flow (Gerya et al. 2002; Gerya and Stöckhert 
2006; Zheng et al. 2009). However, direct petrological evidence 
for this behavior is sparse (e.g., Beltrando et al. 2007; Rubatto et 
al. 2011) and the detailed movements of detached fragments of 
continental crust during subduction are poorly known.

To understand geodynamic processes operating in continental 
subduction channels we need a robust determination of the P-T 
evolution of high-pressure (HP) and ultrahigh-pressure (UHP) 
rocks (Wei et al. 2010; Li et al. 2016; Xia et al. 2018a; Bovay et 
al. 2021). Using phase equilibrium modeling and compositional 
isopleth thermobarometry (Wei et al. 2010; Groppo et al. 2015), 
we can constrain P-T conditions from rock-forming minerals 
in eclogite (e.g., garnet, phengite) under the assumption that 
the chemical composition was not reset, or was only slightly 
reset, during the post-peak metamorphic evolution (Caddick et 
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