
American Mineralogist, Volume 88, pages 1300–1311, 2003

0003-004X/03/0809–1300$05.00      1300

INTRODUCTION

To understand better geodynamic processes like subduction,
continent-continent collision, or exhumation of oceanic or con-
tinental crust, it is fundamental to quantify the evolution of
each component in as much detail as possible. Eyewitnesses to
all these processes are eclogites, which are the metamorphic
equivalents of oceanic crust or other mafic precursors. In addi-
tion to the widely used geothermobarometric methods based
on element partitioning between minerals, microstructures pro-
vide a variety of systems to determine temperature-time histo-
ries (Buseck and Iijima 1975; Buseck et al. 1980; Robinson et
al. 1971; Robinson et al. 1977; Schröpfer et al. 1990; Skrotzki
et al. 1991; Skrotzki 1992; Klein et al. 1996; Joanny et al. 1991;
Carpenter 1981; Müller 1991; Müller et al. 1995; Veblen 1991;
Weinbruch and Müller 1995).

To determine the peak temperature of eclogites, Carpenter
(1981) proposed a method based on the mean antiphase do-
main size in omphacite. He showed that the mean size of
antiphase domains is a function of temperature and time. With
increasing peak temperature and longer duration of metamor-
phism, the size of antiphase domains increases. Based on a large
data set on eclogites from different geologic settings and data
from disordering experiments, he fitted an empirical coarsen-
ing rate law. Van Roermund and Lardeaux (1991) applied the
equation to two samples from the Mont Viso and Sesia Lanzo
zone. The two samples had different peak temperatures, which
were derived from conventional element partitioning thermom-
etry (Mont Viso = 600 ∞C, Sesia Lanzo = 700 ∞C). A bimodal
distribution of the mean antiphase domain size was found in
both samples. However, the antiphase domain sizes in both
samples are similar although the peak temperatures are differ-

ent. It was proposed that the larger sizes are due to intense
interaction between partial dislocations of the type b = 1/2<110>
and antiphase domain boundaries. Based on these data, the au-
thors concluded that it will not be possible to extract quantita-
tive temperature information from measured mean antiphase
domain sizes alone.

We have reinvestigated the systematic variation of the mean
size of antiphase domains in omphacite to test the applicability
of this method and to define the limitations for the quantifica-
tion of eclogite temperature-time histories.

Due to the very sluggish kinetics of the ordering and coars-
ening process, experimental data cannot be obtained at reason-
able time scales for omphacite. Only the disordering process
can be studied experimentally (see Carpenter 1981). To cir-
cumvent this limit, we used a natural laboratory in which the
time scales are considerably large.

Eclogites of the Adula/Cima Lunga nappe in the Central Alps
are suitable for a systematic study of antiphase domain sizes in
omphacite, because peak temperatures, compositions, and cool-
ing histories are well known. The general increase in pressure
and temperature from north to south, the high variability in chemi-
cal composition, and the well-documented geological history
favors this nappe as a natural laboratory. Details of the thermal
history for the sample region are given below and, where possible, a
T-t-path is compiled (for details of the sampling area see Fig. 1).

GEOLOGICAL OUTLINE

The Adula/Cima Lunga nappe belongs to the Penninic nappe
pile of the Central Alps (Switzerland). A detailed geotectonic
model was compiled by Schmid et al. (1996). The Adula/Cima
Lunga unit was part of the southernmost European plate. Sub-
duction of the unit started at about 50 Ma with convergence
rates of 1.2 cm/a (Dewey et al. 1989) to 1.5 cm/a (Schmid et al.
1996). The age of the peak metamorphism is estimated to be* E-mail: brenker@min.uni-koeln.de
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ABSTRACT

A systematic transmission electron microscopy (TEM) study was performed on the size distribu-
tion of antiphase domains in omphacite from eclogites from the Adula/Cima Lunga nappe. The
measured mean antiphase domain size is shown to depend on peak temperature, duration of peak
metamorphism, cooling rate, and composition. The systematics of the size distribution are modified
by dislocation interaction, recrystallization, and the time of growth during the temperature-time-
deformation history of the rock. Based on a new model for the size distribution of antiphase do-
mains, we are able to show the potential and limits to estimating time and peak temperature of
metamorphism and the subsequent cooling history of this important rock type.


