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absTracT

Taiban is a heavily shocked L6 chondrite showing opaque melt veins. Raman spectroscopy was 
used to characterize the high-pressure silicate assemblages in a thin section crossed by a shock-created 
4 mm wide melt vein. Raman spectra using different excitation wavelengths allowed identification 
of mineral phases such as olivine, wadsleyite, ringwoodite, high-Ca clinopyroxene, majorite-pyrope, 
jadeite, maskelynite, and lingunite. Olivine is Fe depleted in contact with the ringwoodite, which sug-
gests chemical fractionation during a solid-state olivine-ringwoodite transformation. Raman imaging 
revealed a close correlation between the blue ringwoodite color and the peak observed at 877 cm–1; 
this signal shows strong near-resonance Raman enhancement when measured with near-IR excitation 
lines (785 and 830 nm) close to the optical absorption bands of the ringwoodite. We propose that the 
blue color of the ringwoodite is due to a small amount of iron in fourfold coordination inside the spi-
nel structure, and that yields the observed spectral features in differently colored ringwoodite. Under 
the formation conditions of the studied silicate pocket, all enstatite transformed to a majorite-pyrope 
solid solution, whereas the high-Ca clinopyroxene likely remained unchanged. Maskelynite grains in 
the margins of the pocket often contain lingunite or are totally transformed to jadeite. Based on static 
high-pressure results, the mineral assemblages in the pocket suggest peak pressure in the 17–20 GPa 
range with maximum temperature (Tmax) in the range 1850–1900 K as the formation conditions for 
this Taiban chondrite during shock.
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inTroducTion

High-pressure polymorphs of major minerals are commonly 
found in shocked meteorites. During the formation and later 
evolution of the Solar System (Raymond 2010; Wetherill 1980), 
asteroids repeatedly collided with each other and with larger 
bodies triggering shock waves. Meteorites that underwent such 
shock waves show different shock effects depending on the peak 
pressures and temperatures, and duration of the collision events 
(Stöffler et al. 1991).

Minerals commonly found in or near melt veins in highly 
shocked chondrites include: ringwoodite; majorite; wadsleyite; 
magnesiowüstite; akimotoite; lingunite; silicate–perovskite; 
and maskelynite (Chen et al. 1996; Chen and El Goresy 2000; 
Ferroir et al. 2008; Mori 1994; Price et al. 1983; Sharp et al. 
1997; Tomioka and Fujino 1997; Xie et al. 2006). As the shock 
front triggered by a collision spreads through the irregularities 
of the rock, melt veins and shocked pockets form depending on 
pressure and temperature conditions and the properties of the 
rock in each point. High-pressure phases form in these areas by 
solid-state transformations of the original minerals or fractional 
crystallization from the melt. Based on results from static high-
pressure and shock recovery experiments, the observed crystal-
lization assemblages can aid in constraining the conditions of 

melt vein crystallization (Sharp and De Carli 2006). However, 
these methods present some difficulties. Shock recovery experi-
ments probably produce lower temperatures and shorter shock 
durations than natural impacts. Similarly, equilibrium phase 
diagrams obtained from static high-pressure experiments fail 
to reproduce the large departures from equilibrium that mineral 
phases experience during shock. Furthermore, static experi-
ments do not produce direct transformation from low-pressure 
phases without forming intermediate structures (e.g., olivine to 
ringwoodite without forming wadsleyite) (Sharp and De Carli 
2006; Stöffler et al. 1991; Xie and Sharp 2007; Xie et al. 2006).

Ringwoodite γ-(Fe,Mg)2SiO4 is the high-pressure polymorph 
of olivine with spinel structure. It is found as a rare mineral in 
shocked meteorites and arguably in impact craters by transforma-
tion from olivine, and is considered to be the major constituent 
of the lower part of the mantle transition zone (Binns et al. 1969; 
Ringwood 1975; Rull et al. 2007). Thus, the physical properties 
of the ringwoodite are key to understanding the behavior of that 
zone in the Earth’s interior. The mineral has also been subject of 
abundant research since its discovery by Binns et al. (1969) in 
the Tenham meteorite (e.g., Gupta and Goyal 2011; Madon and 
Poirier 1983; Mosenfelder 2001; Price et al. 1982; Sinogeikin 
et al. 2003). Raman spectroscopy has been used extensively to 
assess the nature of the olivine polymorphs and other shock-
induced phases (e.g., Chen et al. 2007; Miyahara et al. 2008; 
Zhang et al. 2006). However, only a few studies have taken * E-mail: tayro@hawaii.edu


