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abStRact

Exsolution lamellae in pyroxene occurring in mantle lherzolite xenoliths in Cenozoic basalts from 
the Mingxi area, Fujian Province, China, have been investigated by electron backscattered diffraction 
(EBSD) to determine epitaxial relationships between host and lamellae. Clinopyroxene (diopside) 
hosts developed two sets of lamellae: one of orthopyroxene (pigeonite-enstatite) lamellae and the 
other of clinopyroxene (augite) lamellae. Orthopyroxene (enstatite) hosts developed a single set of 
clinopyroxene (augite) lamellae. A zone crossing method has been used to determine Miller indices of 
lamellae, which appear as linear traces on thin sections tested by EBSD. In clinopyroxene hosts, the 
index of orthopyroxene lamellae is (100) and that of clinopyroxene lamellae is ~(401) at 22° to the 
c-axis. In orthopyroxene hosts, the index of clinopyroxene lamellae is (100). Published high-pressure 
crystallographic data for compositions approximating those of the lamellae and host are used to 
compare cell parameters of lamellae and hosts at different pressures. Exact phase boundary theory is 
applied to estimate the exsolution pressure, and the data uncertainty of composition, cell parameters 
and orientation of the lamellae have been analyzed. Uncertainties of composition and cell parameters 
give rise to only small uncertainties in the exsolution pressure, but that of the orientation of the lamellae 
generates large uncertainty. Independent high accuracy measurement of the angle between lamellae 
and c-axis by TEM or other techniques combined with exact phase boundary theory would give more 
reliable estimates of exsolution pressure.
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intRoduction

Exsolution microstructures are very common in pyroxene, 
e.g., clinohypersthene lamellae in augite and augite lamellae 
in pigeonite (Deer et al. 2013; Champness and Lorimer 1973), 
pigeonite and hypersthene lamellae in augite, augite lamellae in 
pigeonite and hyperthene (Bown and Gay 1959), clinoenstatite 
lamellae in low-Ca orthopyroxene (Boland 1974), low-Ca 
orthopyroxene lamellae in augite (Mikouchi and Miyamoto 
2008), enstatite lamellae in diopside and diopside-augite lamel-
lae in enstatite-pigeonite (Zhu and Xu 2007), and magnetite in 
clinopyroxene (Fleet et al. 1980; Feinberg et al. 2004). Most 
exsolution microstructures in minerals separate during cooling 
but in ultrahigh-pressure (UHP) metamorphic rocks the exsolu-
tion structures more likely formed during decompression from 
more than 100 km depth to the surface. Exsolution lamellae of 
clinoenstatite in diopside found in UHP metamorphic rocks from 
the Alpe Arami massif, Switzerland (Bozhilov et al. 1999), and 
in UHP metamorphic rocks from the Dabie Mountains, China 
(Liu et al. 2007), suggest a minimum pressure of precipitation 
of ~12 GPa for Alpe Arami and ~9 GPa for Dabie Mountain 
(Liu et al. 2007) implying that the rocks were exhumed from a 
minimum depth of ~300 km. These exsolution structures might 
also have formed by shear strain during deformation rather than 
cooling and decompression (Kirby and Etheridge 1981; Coe and 
Muller 1973; Coe and Kirby 1975).

The relative crystallographic orientations of lamellae 
within hosts are critical for determining exact phase boundaries 
(Robinson et al. 1977) and calculation of exsolution temperatures 
and pressures based thereupon (Fleet et al. 1980; Feinberg et al. 
2004). Electron backscattered diffraction (EBSD) enables rapid 
determination of crystallographic orientations within crystals 
exposed on the surfaces of polished thin sections and is less cum-
bersome and not as labor intensive than TEM and single-crystal 
XRD methods. Exsolution lamellae appear as linear traces on 
polished thin sections tested by EBSD but this requires a method 
to determine the crystallographic plane indices of the lamellae. 
We previously introduced a method called “zone crossing” to 
determine crystallographic plane indices of linear traces on thin 
sections (Zhao et al. 2016) that can be widely used to determine 
the plane indices of any kind of lamellae appearing as linear 
traces on thin sections tested by EBSD.

In this paper, we describe exsolution microstructures in clino-
pyroxene and orthopyroxene hosts in mantle lherzolite xenoliths 
in Cenozoic basalts from the Mingxi area, Fujian Province, 
China, using this technique to determine the orientations of the 
lamellae within the hosts and the plane indices of the lamellae. 
The orientation of the lamellae combined with analysis of high-
pressure crystallographic data for compositions approximating 
those of the lamellae and host permit us to estimate exsolution 
pressure using exact phase boundary theory. We have also carried 
out an analysis of data uncertainty to evaluate the application of 
exact phase boundary theory.
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