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Magnetite lamellae in olivine and clinohumite from Dabie UHP ultramafic rocks,
central China
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ABSTRACT

Ultrahigh-pressure (UHP) minerals of the Maowu mafic-ultramafic complex in the Dabieshan,
east-central China exhibit many exsolution textures. Magnetite lamellae are common in olivines and
Ti clinohumites from harzburgite and garnet pyroxenite. Monazite-(Ce) lamellae occur in apatites
from the garnet pyroxenite. Independent P-T estimates suggest that these ultramafic rocks formed at
P > 5 GPa and T = 700 ± 50 °C. The lamellae-bearing minerals are believed to preserve an earlier,
higher P-T record prior to exsolution. Compositions and unit-cell parameters of the magnetite and
host olivine and intergrowth relations were determined using a newly developed X-ray diffraction
microprobe technique employing synchrotron radiation. The host olivine

 

and magnetite lamellae bear
a topotaxial relation with [220]Mag | | [200]Ol, [111]Mag | | [33 1]Ol, [111] Mag | | [331]Ol, [242]Mag | |
[2 2 0]Ol. The recalculated composition of primary olivine may contain up to 1.5 wt% Fe2O3. Four
hypotheses may explain the observed intergrowths of oriented magnetite lamellae in olivine: (1)
oxidation of olivine; (2) decomposition of Fe3+-bearing olivine formed at >6 GPa; (3) exsolution of a
spinel (wadsleyite) solid-solution Fe3O4-(Fe,Mg)2SiO4 during decompression; and (4) breakdown of
phase A [Mg7Si2(OH)6] + enstatite. The third hypothesis appears to be the most likely inasmuch as no
additional silicate phase occurs as associated inclusions in the olivine host. However, the actual mecha-
nism for exsolution of magnetite from olivine remains to be studied experimentally.

*E-mail: liou@pangea.stanford.edu

INTRODUCTION

The petrogenesis of meta-ultramafic rocks from the Sulu-
Dabie terrane of east-central China has emerged recently as a
key problem for studies of the upper mantle, because they con-
tain evidence for ultrahigh-pressure (UHP) recrystallization
(Yang et al. 1993; Okay 1994; Zhang et al. 1994, 1995;
Hiramatsu et al. 1995; Hacker et al. 1997). The Maowu ultra-
mafic body is enclosed in a coesite-bearing gneiss (Sobolev
1994; Xue et al. 1996), and consists of layered harzburgite,
garnet ortho- and clinopyroxenite, eclogite, and coesite-bear-
ing omphacitite. These ultramafic rocks contain garnet,
enstatite, diopside, forsterite, and subordinate clinohumite,
magnesite, chromite, rutile, monazite-(Ce), and apatite. Ob-
served parageneses and compositions of minerals suggest peak
metamorphism at about 700 ± 50 °C and 4.0–6.0 GPa for the
Maowu harzburgite and garnet orthopyroxenites (Liou and
Zhang 1998).

Exsolution lamellae of ilmenite, chromite, kirschsteinite,
and symplectic intergrowths of augite and magnetite have been
reported in terrestrial and chondritic olivines (Moseley 1981;
Ashworth 1979; Drury and van Roermund 1988; Green and
Gueguen 1983; Arai 1978; Mikouchi et al. 1995); however,
the most common platelets in olivine are ilmenite and Cr-spinel.

For example, Dobrzhinetskaya et al. (1996) suggested recently
that olivine with FeTiO3 lamellae from the Alpe Arami peri-
dotite, central Alps, were derived from mantle transition depths
of 300–400 km. Similar lamellae in olivines have been de-
scribed in a lherzolite from Rongcheng in the Sulu region, but
without the implication of especially deep P-T conditions
(Hacker et al. 1997).

Magnetite lamellae in olivine have been described in a few
mafic-ultramafic rocks and are intergrown with other silicate
phases in symplectites. These include: (1) Shangla ultramafic
body in the Indus suture zone of Pakistan (Arif and Jan 1993);
(2) intergrowths of augite and magnetite from several mafic-
ultramafic complexes (Moseley 1984); (3) intergrowths of
orthopyroxene and magnetite in basaltic olivine (Haggerty and
Baker 1967), Precambrian cumulates (Goode 1974), and a lay-
ered mafic intrusion (Ambler and Ashley 1977); and (4)
maghemite intergrowth with olivine in stratospheric interplan-
etary dust particles (Rietmeijer 1996). These lamellae have been
interpreted as the result of oxidation of olivine or as a decom-
position product of Fe3+-olivines produced during cooling of
mafic-ultramafic rocks.

However, magnetite exsolution lamellae in olivines from
UHP metamorphic ultramafic rocks have not been reported
previously. Detailed petrographic examination of the Maowu
harzburgite and garnet pyroxenite has revealed ubiquitous oc-
currences of submicrometer-size thin lamellae in coarse-grained


