
American Mineralogist, Volume 94, pages 303–312, 2009

0003-004X/09/0203–303$05.00/DOI: 10.2138/am.2009.3042      303 

U-Pb age, trace-element, and Hf-isotope compositions of zircon in a quartz vein 
from eclogite in the western Dabie Mountains: Constraints on fluid flow during early 

exhumation of ultrahigh-pressure rocks

Yuan-Bao Wu,1,2,* Shan Gao,1 honG-Fei ZhanG,1 Sai-honG YanG,1 Xiao-Chi Liu,1  
Wen-FanG Jiao,1 YonG-ShenG Liu,1 honG-Lin Yuan,2 hu-Jun GonG,2 and Mou-Chun he1

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

2MOE Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069, China

aBStraCt

Quartz veins in high-pressure (HP) to ultrahigh-pressure (UHP) rocks are the products of fluid-rock 
interaction, and thus provide insight into fluid processes in subduction zones. In this paper, we report 
an integrated study of mineral inclusion, trace-element, U-Pb age, and Lu-Hf isotope compositions 
of hydrothermal zircon grains from a quartz vein within an UHP eclogite outcrop from the Hong’an 
area, western Dabie Mountains. These data are used to decipher the age, conditions of formation, 
and source of fluid for zircon formation during the exhumation of UHP rocks. Zircon grains from 
the vein have perfect euhedral shape, and show sector zoning or weak zoning, indicating that they 
precipitated from the aqueous fluid responsible for the vein formation. Raman spectroscopy analysis 
reveals that the zircon grains contain inclusions of garnet, omphacite, rutile, quartz, and H2O, implying 
that they crystallized from aqueous fluid under HP eclogite-facies conditions. The zircon grains show 
low Th/U and Lu/Hf ratios, nearly flat HREE patterns, absent Eu anomalies and low LREE contents. 
These characteristics are consistent with their precipitation in the presence of garnet and epidote, and 
absence of feldspar, and thus suggest that trace-element concentrations in hydrothermal zircon are 
controlled by co-precipitation of mineral assemblages. Crystallization temperatures of 670 to 712 °C, 
which were calculated using the Ti content of zircon, are consistent with their formation under eclogite-
facies conditions and may correspond to the temperature of the infiltrating fluid. The weighted mean 
206Pb/238U age of 224.7 ± 1.3 Ma is taken as the best estimate for the age of quartz-vein formation and 
records aqueous fluid flow during the early exhumation stage of UHP rocks. The zircon grains in the 
quartz-vein have Hf compositions similar to those in the host eclogite, which demonstrates isotopic 
equilibrium between fluid and rocks and that the fluid-rock ratio was likely low. 
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introduCtion

In subduction- or collision-related metamorphism, fluid plays 
a key role in many geological processes including metasomatism, 
crustal rheology, anatexis, resetting of isotopic clocks, transfor-
mation of mineral assemblages, and formation and preservation 
of high-pressure (HP) and ultrahigh-pressure (UHP) rocks (e.g., 
Rumble et al. 1994; Agard et al. 2000; Miller et al. 2002; Her-
mann et al. 2006). Quartz veins are the most visible sign of fluid 
flow, and are commonly found in eclogite-facies rocks (Liati 
and Gebauer 1999; Rubatto et al. 1999; Philippot and Rumble 
2000; Franz et al. 2001; Widmer and Thompson 2001; Zheng 
et al. 2007). The veins represent products of fluid-rock interac-
tion and, as such, provide vital information for fluid processes 
in subduction zones (Franz et al. 2001; Gao and Klemd 2001; 
Rubatto and Hermann 2003; Molina et al. 2004; Spandler and 

Hermann 2006; Zheng et al. 2007). 
It has been suggested that quartz veins can be generated in 

different stages during HP-UHP metamorphism: (1) prograde 
phase (Liati and Gebauer 1999; Rubatto et al. 1999; Franz et al. 
2001; Molina et al. 2004; Spandler and Hermann 2006); (2) peak 
phase (Becker et al. 1999; Rubatto and Hermann 2003); and (3) 
retrograde phase (Li et al. 2001; Widmer and Thompson 2001; 
Miller et al. 2002; Zheng et al. 2003, 2007). Determination of age 
and conditions of formation of veins in HP-UHP rocks is crucial 
for relating their formation to particular segments in an orogenic 
cycle. However, this is a difficult task because most veins have 
experienced complex metamorphism after their formation. Hy-
drothermally crystallized zircon has been reported from quartz 
veins (Liati and Gebauer 1999; Ruabtto et al. 1999; Zheng et 
al. 2007) and from veins within HP-UHP rocks (Rubatto and 
Hermann 2003). Such grains can be used to date fluid circulation 
at variable pressure and temperature conditions on the basis of 
its internal structure, mineral inclusion assemblages, age, and * E-mail: cugybwu@yahoo.com or yuanbaowu@cug.edu.cn 


