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AbSTrAcT

The phase relations of petedunnite [CaZnSi2O6 (pd)] were determined experimentally at P-T condi-
tions up to 2.5 GPa and 1100 °C. Single-phase petedunnite is formed at high pressures (P > 0.8 GPa). 
Reversed experiments show that at lower pressures and temperatures >650 °C petedunnite decomposes 
to willemite [Zn2SiO4 (wil)], hardystonite [Ca2ZnSi2O7 (har)], and quartz [SiO2 (qtz)] according to 
the reaction 4 pd = wil + 2 har + 3 qtz. The boundary curve for this equilibrium reaction is given by 
P (GPa) = –0.093 (0.029) + 0.0014 (0.0003) T (°C), by disregarding the phase transition of quartz. 
The stability field of wil + har + qtz is restricted toward lower temperatures by zinc-feldspar [CaZn-
Si3O8 (zfsp)] according to the known reaction: wil + 2 har + 7 qtz = 4 zfsp. These reactions intersect 
at 650(1) °C/0.78(0.01) GPa, generating an invariant point Ipd. Additionally, petedunnite-breakdown 
reaction is intersected by the low/high-quartz phase transition curve, generating an invariant point 
Ipd

qtz at ~840 °C, 1.04 GPa. At temperatures <650 °C, further reactions occur in the system CaO-ZnO-
SiO2 including the doubly degenerate reaction zfsp = pd + qtz and 3 pd = har + wil + zfsp, which also 
intersect the invariant point Ipd. All reactions involving petedunnite display shallow positive slopes 
within the P/T-field, indicating that the crystallization of petedunnite is highly pressure sensitive over 
a wide temperature range. This means that an increasing petedunnite component in pyroxene shifts its 
stability field to higher pressures, similar to the effect of a jadeitic component.

The study of natural clinopyroxene and the correlation of its zinc content with published P-T condi-
tions of these mineral assemblages confirmed a significant relationship between extraordinary high-zinc 
concentrations in pyroxene and high-metamorphic pressure conditions. In addition, the petedunnite 
component is obviously sensitive to the prevailing fluid conditions in terms of the fugacity ratio fS2/
fO2. Furthermore, a distinct temperature dependency of the zinc component was observed in the range 
of trace element concentration. In consequence, Zn turns out to be a key element with regard to its 
implementation as a sophisticated petrogenetic indicator of metamorphic conditions. Therefore, routine 
measurement of zinc in element analyses of clinopyroxenes is strongly recommended.

Keywords: Zinc, clinopyroxene, petedunnite, stability, phase relations, skarn, petrogenetic indica-
tor, geobarometry, experimental calibration

inTroducTion

Zinc usually occurs as a trace element in silicates. High-zinc 
contents in silicates have been observed in artificial systems, 
such as bottom ashes and blast furnace slag (e.g., Förstner 
and Hirschmann 1997; Ettler et al. 2001). Clinopyroxene, as a 
major constituent of metallurgical slag, may contain up to 3.1 
wt% ZnO (Ettler et al. 2001) or even up to 7.5 and 7.8 wt% 
ZnO, respectively (Lottermoser 2002; Puziewicz et al. 2007). 
In nature, the host rocks of metamorphic zinc deposits contain 
clinopyroxenes with elevated zinc contents. In skarn deposits, 
the zinc content of clinopyroxene is discussed as an indicator for 
petrogenetic processes. In a detailed study, Nakano et al. (1991, 
1994) demonstrated that the zinc content in clinopyroxenes 

correlates significantly with the type of skarn deposit. They 
observed average Zn concentrations ranging from 50 to >1000 
ppm. Shimizu and Iiyama (1982) reported clinopyroxenes from 
the Pb-Zn Nakatatsu skarn mine, coexisting with ore, which con-
tained 1000–10 000 ppm Zn. Heuss-Aßbichler and Fehr (1994) 
recorded hedenbergitic clinopyroxene with up to 9000 ppm Zn 
in a phase assemblage with sphalerite from a Pb-Zn skarn (Åm-
meberg, Sweden). Clinopyroxenes showing remarkably high-Zn 
concentrations (3.3 to 12.6 wt%) were collected in the Franklin 
area of New Jersey, U.S.A. (Frondel and Ito 1966; Essene and 
Peacor 1987). Based on these zinc-rich clinopyroxenes, the 
end-member petedunnite (CaZnSi2O6) was first described by 
Essene and Peacor (1987). Corresponding to their distribution 
in composition space, they assumed a complete solid solution 
between petedunnite and hedenbergite-johannsenite-diopside 
[Ca(Fe,Mn,Mg)Si2O6].* E-mail: ahuber@min.uni-muenchen.de


