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Abstract
Vaterite was identified in a decrepitated carbonaceous material (CM) bearing inclusion in zircon 

from a stromatic migmatite in the Chinese Sulu ultrahigh-pressure (UHP) metamorphic terrane. It is 
associated with nanometer to micrometer anhedral diamonds, aragonite, calcite, amorphous C-Si-O, 
and amorphous Zr-Si-O materials. The inclusion developed offshoots and abundant indigenous holes. 
The C-Si-O material is carbon-rich and porous and shows diagnostic Raman bands of highly disordered 
CM, whereas the Zr-Si-O material is spherulitic or banded with little or no carbon. The observations 
from focused ion beam–scanning electron microscope (FIB-SEM) and transmission electron microscope 
(TEM) verify that both diamond and highly disordered CM are of indigenous origin. The formation 
pathway of vaterite means that an amorphous calcium carbonate (ACC) phase occurred as the precur-
sor of vaterite. The highly disordered CM contains the subsidiary bands at 1150 and 1250 cm−1 on the 
low-frequency side of the D1 band, suggesting that there exist aliphatic hydrocarbon chains. Thus, 
the highly disordered CM was derived from carbonization of some kind of organic species in the fluid 
inclusion. Decrepitation of inclusion resulted in an extremely high supersaturation state of the fluid 
that induced the precipitation of amorphous materials and released residual fluid out of the inclusion, 
which became dry and preserved vaterite and amorphous materials.
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Introduction
Vaterite, as one of the three polymorphs of CaCO3 (vaterite, 

calcite, and aragonite), is a rare mineral in natural rocks, but 
biogenic vaterite is remarkably widespread, occurring in human 
calculi (Rodgers 1983), pearls (Wehrmeister et al. 2009), fish 
otoliths (Veinott et al. 2009), etc. In the metamorphic setting, 
it was reported in a contact metamorphic aureole in Ireland 
(McConnell 1960; Bentor et al. 1963). In the laboratory, the 
mixing of calcium chloride and sodium carbonate salt solutions 
induces supersaturation for CaCO3 in solutions, leading to the 
precipitation of amorphous calcium carbonate (ACC) phase and 
subsequent crystallization of vaterite at the expanse of ACC 
(e.g., Turnbull 1973; Ogino et al. 1987; Andreassen 2005). 
Vaterite is thermodynamically stable with respect to ACC, but 
metastable with respect to aragonite and calcite, formed at the 
expense of ACC due to the smaller energy barrier of vaterite 
nucleation than those of calcite or aragonite nucleation (De 
Yoreo et al. 2015). When in contact with fluid, vaterite quickly 
transforms to calcite or aragonite by a dissolution-reprecipitation 
mechanism (Ogino et al. 1987; Rodriguez-Blanco et al. 2011). 
However, if kept dry, vaterite can exist up to 400 °C as a meta-
stable mineral (Turnbull 1973).

Calcium carbonate minerals are key materials for the global 

carbon cycle since they can be transported to the deep mantle 
along subduction zones. During this process, carbonic fluids 
are formed via metamorphic devolatilization reactions (Kerrick 
and Connolly 2001) and the dissolution of carbonate minerals 
in fluids (e.g., Frezzotti et al. 2011; Ague and Nicolescu 2014). 
These fluids are recorded as fluid inclusions in minerals. Fluid 
inclusions after entrapment suffer different pressure processes 
from those of host minerals due to the internal overpressures 
in fluid inclusions (e.g., Stöckhert et al. 2009; Frezzotti and 
Ferrando 2015). Decrepitation of fluid inclusion is a common 
post-trapping process along the exhumation P-T path of host 
rocks when the host mineral is unable to accommodate pressure 
differences inside and outside of the inclusion. Decrepitation of 
fluid inclusion is a rapid process, which can result in the instan-
taneous precipitation of amorphous materials. Therefore, it is 
expected that vaterite can be formed in decrepitated carbonate-
dissolved fluid inclusions.

Here we report on a new occurrence of vaterite, which 
occurs in a decrepitated diamond-bearing inclusion in zircon 
from a stromatic migmatite in the Sulu UHP metamorphic ter-
rane. So far, diamond is not found in this UHP metamorphic 
terrane, thus its identification provides a new constraint for the 
subduction depth of the Sulu UHP rocks. The paper presents 
observations of the inclusions from Raman spectroscopy, 
FIB-SEM, and TEM and discusses the related petrologic and 
geologic problems of interest.
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