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INTRODUCTION

One of the most interesting applications of intracrystalline
Fe2+-Mg partitioning between the M1 and M2 sites in
clinopyroxene is its use in determining the closure tempera-
ture of the system and thus in defining the thermal history of
the host rocks. The partition coefficient, KD, of the order-disor-
der Mg-Fe2+ reaction depends on the closure temperature of
the exchange, which in turn is affected by the sample cooling
rate.

Although this technique has been developed successfully
for orthopyroxenes (Virgo and Hafner 1970; Saxena and Ghose
1971; Smyth 1973; Sueno et al. 1976; Ganguly 1982; Molin et
al. 1991; Sykes-Nord and Molin 1993; Ganguly et al. 1994;
Ganguly and Domeneghetti 1996; Stimpfl et al. 1999) and pi-
geonites (Pasqual et al. 2000), relatively few data are available
for clinopyroxenes (McCallister et al. 1976; Dal Negro et al.
1982; Ganguly 1982), as the extent of Fe-Mg exchange is lim-
ited, because the M2 site is mainly occupied by Ca and Na [Ca
+ Na ≈ 0.7–1.0 atoms per formula unit (apfu) in magmatic
clinopyroxenes]. An experimental study to calibrate the
clinopyroxene geothermometer was made by Molin and Zanazzi
(1991). Their investigation was undertaken to test further the

validity of Saxena’s (in Dal Negro et al. 1982) empirical
geothermometer. The resulting equation is certainly reliable for
augites of chemical composition similar to that of the sample
used for experimental calibration. However, some effects re-
lated to chemical composition may be expected and should be
taken into account, as application to other clinopyroxenes of
different composition is expected to give unreliable results. In
fact, the equilibrium temperature depends both on the Fe2+-Mg
ratio between the M1 and M2 sites and on the M1 and M2 site
geometry, mainly imposed by the amounts of (Ca + Na) and
R3+ (R3+ = VIAl + Fe3+ + Ti + Cr) cations in the M2 and M1 sites
respectively (Dal Negro et al. 1989). The present investigation
was undertaken to evaluate experimentally the dependence of
KD on composition, to provide a geothermometric equation
suitable for use with a wider set of clinopyroxene-bearing rocks
than the previous one proposed by Molin and Zanazzi (1991).

SAMPLES AND EXPERIMENTAL METHODS

The samples of clinopyroxene chosen for the experimental
study were two augites collected respectively from an andes-
itic dike on Alicudi (KC) (En46Fs11Wo43) and a basaltic dike on
Vulcano (PD30) (En42Fs12Wo46) (Aeolian Islands, Sicily), and
one augite from a dacite lava flow on Fonualei Island (Fon39)
(En36Fs27Wo37) (Tongan archipelago, S.E. Pacific Ocean).
Clinopyroxene crystals free of inclusions and exsolution lamel-
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ABSTRACT

Three augite crystals with differing chemical compositions [Fonualei dacite lava flow, Tonga
(Fon39) (En36Fs27Wo37), Alicudi andesitic dike (KC) (En46Fs11Wo43), and Vulcano basalt dike (PD30)
(En42Fs12Wo46)] were equilibrated over the temperature range 700–1100 °C through both disordering
and ordering reactions (“reversal technique”) and then quenched at room temperature. Following
each experiment, the partitioning of Fe2+-Mg between M1 and M2 sites of clinopyroxene was deter-
mined by single-crystal structure refinement. The Fe2+-Mg partitioning data of the order-disorder
reaction, Fe2+

M2 + MgM1 = Fe2+
M1 + MgM2, in terms of the partition coefficient KD{= [(Fe2+

M1)(MgM2)/
(Fe2+

M2)(MgM1)]}, were then used to calibrate the following geothermometric equations:

–lnKD = 2727 (±132)/T(K) – 0.383 (±0.113); (r = 0.99)
–lnKD = 4204 (±214)/T(K) – 1.570 (±0.183); (r = 0.98)
–lnKD = 5305 (±351)/T(K) – 2.428 (±0.289); (r = 0.98)

respectively for Fon39, KC, and PD30. A situation in which thermodynamic parameters depend on
crystal composition may be envisaged. It should be noted that such dependence is essentially con-
trolled by the (Ca+Na) and R3+ contents of the clinopyroxene. On the basis of compositional depen-
dence, the following geothermometric equation is proposed:

T(K) = [12100 (750) – 27700 (1700)(Ca + Na + R3+) + 20400 (1000)(Ca + Na + R3+)2]/[–lnKD +
7.1 (0.6) – 20.3 (1.4)(Ca + Na + R3+) + 15.2 (0.8)(Ca + Na + R3+)2]
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