
American Mineralogist, Volume 93, pages 1519–1529, 2008

0003-004X/08/0010–1519$05.00/DOI: 10.2138/am.2008.2874     1519 

Dissolution-reprecipitation of zircon at low-temperature, high-pressure conditions  
(Lanzo Massif, Italy)

Daniela Rubatto,1,* othmaR münteneR,2 auke baRnhooRn,1,† anD CouRtney GReGoRy1

1Research School of Earth Sciences, The Australian National University, Canberra 0200 ACT, Australia
2Institute of Mineralogy and Geochemistry, University of Lausanne, CH-1015 Lausanne, Switzerland

abstRaCt

An eclogite facies meta-plagiogranite from the Lanzo massif (western Alps, Italy) contains crystals 
of zircon intimately associated with allanite. Zircon displays different microtextures ranging from 
pristine, euhedral, and magmatic to fractured, porous varieties with mosaic zoning, and pervasive 
recrystallization into euhedral microcrystals. Fractures and voids in the recrystallized zircon microcrys-
tals are mainly filled by high-pressure Na-rich pyroxene. Electron backscattered diffraction analysis 
revealed a similar crystallographic orientation for primary magmatic zircon crystals and microcrystals, 
with less than 2° misorientation among neighboring microdomains. The textural change is coupled 
with chemical and isotopic modifications: recrystallized zircon domains contain significantly less Th 
and light- to mid-REE, but are richer in Sr than magmatic zircon crystals. Magmatic zircon preserves 
the protolith U-Pb age of 163.5 ± 1.7 Ma, whereas zircon microcrystals have a mean age of 55 ± 1 
Ma. The coexisting allanite also contains inclusions of Na-rich pyroxene and has chemical features 
(elevated Sr and Ni contents and lack of Eu anomaly) indicating formation at high pressure. Despite 
being associated texturally with zircon, allanite yields a younger Th-Pb age of 46.5 ± 3.0 Ma, sug-
gesting that the Lanzo unit remained at relatively high pressure conditions for ~8 m.y.

Zircon recrystallization proceeded with volume reduction and loss of material to an alkaline meta-
morphic fluid that acted as the agent for a coupled dissolution-reprecipitation process. Recrystallization 
occurred with minimum transport, in a low-strain environment, and was not significantly enhanced 
by metamictization. The source of the fluid for zircon recrystallization is most probably related to 
prograde devolatilization reactions in the surrounding serpentinite. 
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intRoDuCtion 
Zircon is undoubtedly the most important mineral for geo-

chronology and is becoming increasingly important for isotopic 
tracing (e.g., Hf and O isotopes). Paramount for the correct 
interpretation of U-Pb ages and isotopic data from zircon is the 
knowledge of the processes that led to zircon formation and 
isotopic resetting. Zircon formation via igneous crystallization 
is dominated by the solubility of Zr in the melt (Watson and 
Harrison 1983), i.e., when saturation is reached, new zircon will 
crystallize. During metamorphism, the behavior of zircon is more 
complex and depends on several factors—not only does zircon 
precipitate from anatectic melts (e.g., Vavra et al. 1996), but also 
it possibly grows from the release of Zr from other phases (Bin-
gen et al. 2001; Degeling et al. 2001), or recrystallizes and thus 
changes its isotopic composition under the influence of fluids 
and/or deformation (Geisler et al. 2003b; Hoskin and Black 2000; 
Liermann et al. 2002; Reddy et al. 2006; Rubatto and Hermann 
2003; Tomaschek et al. 2003). Therefore, the behavior of zircon 
during prograde metamorphism, anatexis, and/or hydrothermal 
alteration has been the subject of intense study (Geisler et al. 

2007; Harley et al. 2007; Rubatto and Hermann 2007). 
In recent years, studies of low-temperature–high-pressure 

rocks, mainly eclogites (Liermann et al. 2002; Rubatto et al. 
1998, 1999; Rubatto and Hermann 2003; Spandler et al. 2004; 
Tomaschek et al. 2003), and low-grade metasediments (Ras-
mussen 2005) have shown that zircon may form and react at 
relatively low metamorphic temperatures (250–600 °C). At 
these conditions, zircon recrystallization cannot be attributed 
to solubility in melts, but requires a subsolidus mechanism 
(Geisler et al. 2007, 2003b; Tomaschek et al. 2003). Two such 
mechanisms have been identified: one due to diffusion-reaction 
and the other due to coupled dissolution-reprecipitation (see a 
review in Geisler et al. 2007). Recrystallization by diffusion-
reaction mainly occurs in metamict, amorphous zircon and is 
enhanced by fluids. Radiation damage following the radioactive 
decay of U and Th has long been identified as the main cause 
for structural and chemical modifications of zircon in the solid-
state (Pidgeon et al. 1966). This mechanism has been recently 
studied in detail experimentally (Geisler et al. 2003a, 2003b). 
On the other hand, recrystallization of a pristine, non-metamict, 
but trace-element-rich zircon has been observed in nature and 
attributed to a dissolution-reprecipitation process that requires 
fluids or melts (Tomaschek et al. 2003). It has been proposed 
(Geisler et al. 2007) that the two processes can be distinguished 
partly on the basis of textures, internal zoning, and composi-
tion of the recrystallized zircon. However, particularly for the 
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