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abstraCt

A unique symplectitic intergrowth of magnetite + rutile is hosted by ilmenite in the gabbro of the 
Xinjie Fe-Ti oxide-bearing, mafic-ultramafic layered intrusion. The crystallization of rutile in the sym-
plectite is probably formed by oxidation of ilmenite-hematite solid solution (Ilm-Hemss). Segregation 
of Fe3+ in the Ilm-Hemss at the rutile-host interfaces triggered the crystallization of magnetite along the 
margin of the growing rutile, and shaped the vermicular morphology of the rutile. The crystallization of 
magnetite can also locally release Ti4+ to enhance the progressive growth and subsequent nucleation of 
rutile in the symplectite. The growth of the symplectite ceased when the temperature decreased to that 
of the miscibility gap of Ilm-Hemss and Fe3+ began to exsolve to form hematite lamellae in the ilmenite.
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introduCtion

Both hematite (Fe2O3) and ilmenite (FeTiO3) are rhombohe-
dral and can form a complete solid-solution series (Ilm-Hemss) 
above ~650 °C (Lindsley 1991). A miscibility gap would separate 
a hematite-rich phase from an ilmenite-rich phase on cooling. 
Therefore, hematite lamellae that have thicknesses ranging from 
tens of micrometers to the nanoscale are commonly observed 
in the ilmenites of many Fe-Ti oxide-bearing layered intrusions 
(McEnroe et al. 2002; Robinson et al. 2002; Kasama et al. 2009). 
An assemblage of magnetite + rutile is supposed to be more stable 
than, or at least thermodynamically equal to, an assemblage of 
ilmenite + hematite (Lindsley 1991). However, the assemblage 
of magnetite + rutile is seldom observed in rocks, especially 
plutons. It is also difficult to obtain satisfactory experimental 
results on the equilibrium of magnetite + rutile and ilmenite + 
hematite assemblages due to the slow reaction rates of the Ilm-
Hemss system (Frost 1991; Lindsley 1991).

Symplectites of magnetite/ilmenite + pyroxene, clinopyrox-
ene/olivine + plagioclase (± hornblende ± quartz) and quartz + 
plagioclase are well documented, and several mechanisms have 
been proposed to explain their genesis (Moseley 1984; Hippertt 
and Valarelli 1998; Field 2008; Dégi et al. 2010; Elardo et al. 
2012). In this study, we observed a symplectite of magnetite + 
rutile in close intergrowth with an assemblage of ilmenite host 
+ hematite lamellae in the gabbro of the Xinjie layered intrusion 
(SW China). This special intergrowth is ideal to investigate the 
factors that control the solid transformation of Ilm-Hemss. The 
unusual occurrence of magnetite + rutile symplectite may also 

have an important bearing on the variation of physicochemical 
conditions during the evolution of a layered intrusion.

sampLing and methods
The Xinjie intrusion is one of the Fe-Ti oxide-bearing, mafic-ultramafic layered 

intrusions in the Panxi region in SW China (map available1). These intrusions are 
part of the Emeishan Large Igneous Province, which is believed to be formed from 
a mantle plume at ~260 Ma (Chung and Jahn 1995). The Xinjie intrusion consists 
of distinct mineral assemblages: from the base upward, a marginal zone and three 
Units (I, II, and III) (Wang et al. 2008; Dong et al. 2013). The section in which the 
ilmenite hosts a symplectite of magnetite + rutile (Fig. 1a) occurs at the bottom of 
Fe-Ti oxide-rich layers in Unit III.

The backscattered electron (BSE) images and compositions of minerals were 
obtained on polished thin sections by using a JEOL-JXA8230 electron micro-
probe analyzer (EMPA). The micro-X-ray diffraction analyses were conducted 
on a Rigaku D/max Rapis IIR micro-XRD system at 40 kV and 250 mA (CuKa) 
with exposures of 20–60 min. The X-ray beam is ~100 mm in diameter and was 
focused on the selected spots on the thin sections. Raman spectra were obtained on 
a RM2000 laser Raman spectrometer by employing 514.5 nm line of Ar ion laser.

resuLts

The symplectite of magnetite + rutile is myrmekite-like, 
and occurs within or in the margin of ilmenite grains (Fig. 1a). 
The symplectite is composed of vermicular rutile (Min-I) and 
interstitial magnetite (Min-II) (Fig. 1b). Min-I is rimmed by 
Min-II and the whole symplectite is serrated in the boundary 
with ilmenite. Relics of ilmenite occasionally occur within or 
along the boundary of the symplectite (Fig. 1c).

Min-I exhibits Raman bands indicative of rutile at ca. 238, 
445, and 611 cm–1 (Glass and Fries 2008), whereas Min-II exhib-
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1 Deposit item AM-15-105435, Map and data. Deposit items are free to all readers 
and found on the MSA web site, via the specific issue’s Table of Contents (go to 
http://www.minsocam.org/MSA/AmMin/TOC/).
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