
MICROSTRUCTURAL CHARACTERISTICS OF 
SHOCKED RUTILE FROM THE CAPE CHARLES DRILL 
HOLE, CHESAPEAKE BAY IMPACT STRUCTURE, 
VIRGINIA, USA. 
F. Langenhorst1, J. W. Horton Jr.2, J. C. Jackson2, H. E. Belkin2, 
and I.-M. Chou2. 1Institute of Geoscience, Friedrich-Schiller 
University Jena, Burgweg 11, D-07749 Jena, Germany. E-mail: 
Falko.Langenhorst@uni-jena.de. 2U. S. Geological Survey, 
Reston VA 20192, USA 

 
Introduction: The late Eocene Chesapeake Bay impact 

structure is buried at shallow to moderate depths beneath conti-
nental-margin sediments in southeastern Virginia, USA. In 
preparation for the international Chesapeake Bay Impact Struc-
ture Deep Drilling Project, the United States Geological Survey 
drilled an 823 m test hole into the central uplift of the crater near 
Cape Charles, Virginia [1]. A combined X-ray diffraction and 
Raman study on monomict gneissic impact breccias from this test 
hole revealed the existence of a high-pressure polymorph of TiO2 
with the α-PbO2 structure (TiO2 II) [2]. After the Ries impact 
structure, Chesapeake Bay is the second crater where this poly-
morph has been found. Here, we have undertaken a transmission 
electron microscopic study to understand the mechanism of the 
phase transformation, which was fast enough to operate under the 
very short time scale of shock compression. 

Methods. Brecciated gneisses from the Cape Charles drill 
hole were prepared into thin sections [2] and then ion-milled us-
ing a conventional Gatan Duomill as well as a Quanta 3D Dual-
Beam. Microstructural observations were made using a 200 kV 
LEO922 transmission electron microscope (TEM).    

Results and Discussion. The TiO2 grains studied so far are 
the mixtures of rutile and the α-PbO2-structured high-pressure 
polymorph that were originally described in [2]. TEM inspection 
of these grains shows that the initial TiO2 phase, rutile, is very 
defect-rich, containing numerous stacking faults and microtwins. 
These planar faults occur on multiple, symmetrically equivalent 
{011} planes, forming an interconnected network. The local 
symmetry of the faults corresponds to the α-PbO2 structure, but 
larger areas of the defect-free high-pressure polymorph have not 
yet been detected. 

This overall microstructure is compatible with a martensitic 
(shear) transformation from rutile to the α-PbO2-structured high-
pressure polymorph, which has been proposed by [3]. According 
to [3] the rutile structure can be regarded as hexagonal close 
packed oxygen atoms with titanium atoms occupying half the 
close packed rows of octahedral interstices. Shear on oxygen 
planes of the rutile structure pushes the titanium atoms into new 
positions and results in the formation of the α-PbO2-structured 
high-pressure polymorph. Since the shock duration was very 
short, there was not enough time for a complete realignment of 
atoms, explaining the defect-rich nature of the TiO2 grains. 
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