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ABSTRACT

Arc magmas above subduction zones hold abundant fluid-mobile elements attributed to fluids
released from the dehydrating subducted oceanic crust. However, the quantity of trace elements in
the fluids and their evolution with the metamorphic processes during subduction and exhumation
are still unclear. The precipitation sequence of vein minerals preserves the nature of multi-stage
high-pressure (HP) metamorphic fluids and the fingerprint of mass exchange in deep subduction zones.
In this contribution, we conducted detailed petrological studies and phase equilibria modeling on a
unique HP omphacite-rich vein and its host eclogite from the Chinese southwestern Tianshan. The host
eclogite consists mainly of garnet, omphacite, epidote, glaucophane, phengite, quartz, and rutile. Garnet
in the eclogite records prograde subduction and early exhumation characterized by decompression heat-
ing at P-T conditions of∼2.4–2.6 GPa and 460–540 °C. The embedded omphacite-rich vein has similar
mineral assemblage to the host eclogite. Garnet grains in this vein are predominantly distributed along
or intersect the vein wall, which records similar eclogite-facies metamorphic conditions to the host eclo-
gite. Omphacite is dominant in the vein, while epidote and glaucophane occur interstitially. Phase equi-
libria modeling reveals sequential growth of garnet-dominated, omphacite-dominated, and epidote-
dominated assemblages from fluids originating from the breakdown of different hydrous minerals.
These lines of evidence suggest that the formation of multi-stage HP fluids are a continuous long-term
process with spontaneous short-distance transport and sequential mineral precipitation. Calculated fluid
compositions demonstrate that the fluids released by lawsonite breakdown during exhumation have
great potential to modify the trace element systematics of arc magmas. Our findings reveal the nature
and evolution of multi-stage HPmetamorphic fluids from internal sources during subduction and exhu-
mation of oceanic crust, providing valuable insights into the chemical compositions of arc magmas.
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INTRODUCTION

Subduction zones are the primary regions for mass and energy
exchange between the Earth’s interior and surface (e.g., Spandler
and Pirard 2013; Zheng 2019; Ague et al. 2022; Li et al. 2022).
High-pressure (HP) fluids released by dehydration of subducted
slabs have been widely considered a crucial medium for material
cycling between the crust and the mantle at the convergent plate
margins (e.g., Kessel et al. 2005; John et al. 2008; Li et al. 2020).
Such material cycling mainly contributes to the infiltration of
dehydrated fluids from subducting plates into the mantle wedge,
inducing arc magmatism, and bring a portion of subducted crustal
materials to the surface. Veins in HP and ultrahigh-pressure
(UHP)metamorphic rocks are principal indicators of the past fluid

flow and preserve natural information on the regime and compo-
sition of the fluid in subduction zones (e.g., Gao et al. 2007; Li
et al. 2013, 2017a, 2021; Zhang et al. 2016; Cruz-Uribe et al.
2021). Zoned mineral textures and multi-facies mineral genera-
tions in complex metamorphic veins indicate the continuous
andmulti-step processes ofmineral crystallization (e.g., Gao et al.
2007; Chen et al. 2012; Lü et al. 2012a; Angiboust et al. 2017).
Clarifying the precipitation and crystallization order of various
minerals within the vein space is conducive for understanding
the evolution of metamorphic fluid and mass transfer from the
subducting slab into the mantle wedge, e.g., the origin of fluid-
mobile elements of arc magmas. However, mineral assemblages
from different stages in HP veins have often been treated as a
whole during petrological and geochemical studies to reflect
the element migration at a specific metamorphic stage (e.g., Guo
et al. 2012; Li et al. 2017a), and the detailed mineral-forming
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