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INTRODUCTION

Rutile is the most common form of TiO2 in nature. It is an 
important accessory mineral in metamorphic rocks, in particular, 
high-pressure rocks. It has four dense polymorphs: an ortho-
rhombic α-PbO2-type phase (Pbcn) (Bendeliany et al. 1966), 
a monoclinic baddeleyite-type phase (M I, P21/c) (Sato et al. 
1991), an orthorhombic phase (O I, Pbca) (Dubrovinskaia et al. 
2001), and an orthorhombic cotunnite-type (PbCl2) phase (O II, 
Pnma) (Dubrovinsky et al. 2001). On compression at ambient 
temperature, titanium oxide follows the common path: rutile 
→ α-PbO2-type→baddeleyite-type (M I) → orthorhombic (O 
I) structure→cotunnite-type (O II) (Dubrovinskaia et al. 2001). 
They had not been found in nature until Hwang et al. (2000) 
recently reported that the high-pressure α-PbO2-structure 
phase occurs in diamondiferous quartzofeldspathic rocks from 
the Saxonian Erzgebirge, and El Goresy et al. (2001a, 2001b) 
discovered the presence of α-PbO2-type and baddeleyite-type 
TiO2 in shocked gneiss of the Ries crater in Germany. During 
our recent study by HRTEM of minerals of ultrahigh pressure 
(UHP) metamorphic rocks, we have found nm-scale TiO2 with 
α-PbO2-structure in omphacite from a coesite-bearing eclogite 
at Shima in the eastern part of the Dabie Mountains, China. This 
is the second occurrence of α-PbO2-type TiO2 from crustal UHP 
metamorphic rocks, suggesting that it must be an extremely use-
ful index mineral for ultrahigh- pressure.

GEOLOGICAL SETTING 
The samples in the present HRTEM study come from a 

coesite-bearing eclogite at Shima (30 30'51"N/116 18'09"E). 
Shima is in Taihu county, Anhui province, and geologically 
situated in the southern zone of the Dabie UHP metamorphic 
terrain (Wang et al. 1992; Xue et al. 1996; You et al. 1996). 
The rocks in this area are mainly composed of paragneisses and 

gneissic granites. Serpentinized ultramaÞ c bodies are exposed 
sporadically. Five metamorphism stages can be recognized on the 
basis of mineralogical and textural relationships: (1) pre-eclog-
itic stage (epidote amphibolite facies), (2) peak UHP coesite-
eclogite stage, (3) quartz-eclogite stage, (4) amphibolite facies 
symplectite stage, and (5) greenschist facies post-symplectite 
stage. Coesite-bearing eclogites with the assemblage garnet + 
omphacite + quartz (coesite) + rutile, occur as lenses surrounded 
by gneiss. Relict coesite and pseudomorphs after coesite are 
enclosed in garnet and omphacite crystals. Garnets consist essen-
tially of almandine (36�37 mol%), grossular (35�41 mol%), and 
pyrope (21�28 mol%) end-member components with only minor 
spessartine (<1 mol%) (You et al. 1996). Omphacites contain 
35�44 mol% of jadeite, 55�63 mol% of augite, and ca.1 mol% of 
aegirine components (You et al. 1996). Garnet and omphacite do 
not show any zoning (You et al. 1996). Rutile inclusions occur in 
omphacite and garnet crystals. No twins and exsolution lamellae 
are observed in rutile by optical microscopy. Microprobe analysis 
of rutile indicates that it contains 99.22�99.54 wt% TiO2 with 
minor FeO (0.33�0.51 wt%) and shows hardly any detectable 
compositional zoning. The peak metamorphic P-T conditions 
for this assemblage were calculated at 770�820 °C for an as-
sumed pressure of 3 GPa within the coesite stability Þ eld (You 
et al. 1996), while Wang et al. (1992) estimated that eclogites 
from Shima have formation temperatures from 630 to 710 ºC at 
a minimum pressure of 2.7 GPa.

ANALYTICAL METHODS

Crystal grains of omphacite (<0.2 mm in diameter) were selected with the opti-
cal microscope. They were crushed into Þ ne fragments and suspended in absolute 
alcohol. One drop of the suspension was placed onto a copper grid coated with a 
perforated carbon Þ lm, in turn coated with gold. It was examined at 200 kV on a 
JEOL-2000EX II electron microscope equipped with a top-entry goniometer stage 
(±10° tilt) and an ultra-high-resolution pole piece (spherical aberration Cs = 0.7 
mm) with an interpretable point resolution of 0.21 nm. The chemical compositions 
of rutile and α-PbO2-type TiO2 domains were determined on an H-8100 transmis-
sion electron microscope equipped with a Philips DX-4 energy-dispersive X-ray 
spectrometer that has an ultra-thin window detector, permitting identiÞ cation and 
measurement of elements ranging from boron to uranium. * E-mail: dwmeng@cug.edu.cn
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ABSTRACT

A natural high-pressure phase of titanium oxide with α-PbO2-structure has been found in omphacite 
from coesite-bearing eclogite at Shima in the Dabie Mountains, China. High-resolution transmission 
electron microscope observations have revealed an orthorhombic lattice, corresponding to α-PbO2-
type TiO2 with cell parameters a = 0.461 nm, b = 0.540 nm, c = 0.497 nm and space group Pbcn. It 
occurs as nanometer-thick (<2 nm) lamellae between multiple twinned rutile crystals, providing ad-
ditional evidence of very high-pressure, metamorphism at 7 GPa, 900 °C. This implies subduction of 
continental material to a depth of more than 200 kilometers. α-PbO2-type TiO2 could be an extremely 
useful index mineral for ultrahigh-pressure. 


