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1. Introduction 

Ringwooodite, produced by shock metamorphism, 
is common in and adjacent to melt veins in highly 
shocked chondrites. Although ringwoodite can crystal-
lize from the silicate melt in the shock-vein or pockets, 
most of the easily observed ringwoodite in shock veins 
is formed by the transformation of olivine in host-rock 
fragments entrained in the melt or olivine along shock-
vein margins. Ringwoodite is an important indicator of 
shock stage S6 [1] because it is commonly deep blue in 
color and therefore easily observed in thin section. The 
transformation of olivine to ringwoodite is important 
because the transformation kinetics can be used to con-
strain shock duration if one knows P-T conditions and 
transformation mechanisms. Here we examine the mi-
crostructures in ringwoodites from L chondrites 
RC106 and Acfer040 to better understand transforma-
tion mechanisms of ringwoodite.  

Ringwoodite has been reported in many shocked 
chondrites since its discovery in the L chondrite Ten-
ham nearly 40 years ago [2]. Observations of ring-
woodite lamellae in partially transformed olivine in S6 
chondrites, Sixiangkou, Yamato791384, and Tenham 
[3-6] illustrate that the transformation mechanisms 
commonly include heterogeneous nucleation of ring-
woodite along defects in olivine. The ringwoodite la-
mellae in Sixiangkou were interpreted [3] to have 
formed by the same coherent intracrystalline transfor-
mation mechanism observed in experimentally trans-
formed samples by Kerschhofer et al. [7-9]. The ki-
netic data of Kerschhofer et al. [7-9] were used to infer 
a shock duration from about several seconds (at 
1500°C-1700°C). In 2006, Chen et al. [10] reinter-
preted the mechanism as incoherent growth, and used 
Fe-Mg inter-diffusion data to infer an unrealistic  
shock duration of several minutes (at 1100 °C). A re-
cent report of ringwoodite rims on wadsleyite cores in 
Peace River [11] have been used to argue that olivine 
actually melts during its transformation to ringwoodite.  

With so many possible transformation mecha-
nisms, it is important to examine the ringwoodite mi-
crostructures in a variety of samples to better under-
stand the range of transformation mechanism. Here we 
report new polarizing light and electron microscopy as 
well as Raman spectroscopy results on ringwoodite in 
RC106 and Acfer 040. 
  
2. Results 

RC106 is an L6 chondrite that contains a large 
shock vein, up to 4-mm in width, filled with trans-

formed host-rock fragments in a majoritic garnet rich 
matrix that crystallized at around 23 GPa [12]. The 
ringwoodite fragments show a range in color  in plane 
polarized light, from dark blue to pale blue (Fig. 1). 
When viewed at high magnification, the ringwoodite 
as a granular texture that we interpret to be the actual 
crystal sizes in the polycrystalline aggregate. This im-
plies that RC106 has ringwoodite crystallites in excess 
of 10 µm in size. The blue color is clearly associated 
with grain boundaries in these polycrystalline aggre-
gates, with the darkest blue colors corresponding to the 
finest grained ringwoodite. Back-scatter Field-
emission SEM images of these aggregates show no 
indication of compositional variations, but the micro-
structures are consistent with the crystal size interpre-
tation from light microscopy. Preliminary TEM results 
show no distinct grain boundary phase associated with 
the dark blue color. Raman spectra from light and dark 
blue ringwoodite are quite distinct (Fig. 2): Spectra 
from nearly colorless ringwoodite have clear ring-
woodite peaks at 800 and 850 cm-1 and little fluores-
cence, whereas dark regions have a strong fluorescence 
at low Raman shift that can mask the ringwoodite 
peaks at 800 and 850 cm-1 while producing a character-
istic spectral shape. Ringwoodites in Acfer 040 have 
more variation in color, ranging from deep purple-blue 
colorless. Raman spectra from Acfer040 show the 
same distinction between blue and colorless (Fig. 2).  
 

 
Fig. 1 Plane-polarized light micrograph of a  ringwoodite 
aggregate in RC106. The dark blue color is associated with 
grain boundaries.  
 

The color variations in RC 106 commonly occur 
as planar bands of dark blue ringwoodite that corre-
spond to planar concentrations of sub-µm crystallite 
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sizes. These crystal size variations suggest a lamellae 
transformation mechanism, but ringwoodite lamellae 
in partially transformed olivine are very rare in RC106. 
The ringwoodite in partially transformed olivine along 
the melt-vein margins occurs along grain boundaries 
and fractures.  
 

 
Fig. 2 Raman spectra of blue and colorless ringwoodite in 
Acfer040. The blue ringwoodite has a characteristically 
strong fluorescence at low Raman shift. 
 

Acfer040 is an L6 chondrite with a complex melt-
vain and pocket array that suggests that the rock was a 
highly porous breccia before shock. This results in a 
range of melt-vein matrix mineralogy and complex 
transformed host fragments. Polarized light micros-
copy and Raman spectroscopy from Acfer040 show 
many examples partially transformed olivine. Many of 
these have many sets of parallel ringwoodite lamellae 
(Fig. 3). The olivine contains a set of parallel, but 
slightly curved lamellae. The ringwoodite in these la-
mellae consists of relatively course grained and pale 
blue ringwoodite.  

 

 
Fig. 3 Partially transformed olivine in Acfer040, showing a 
lamellae transformation microstructure. The dark blue mate-
rial is fine grained ringwoodite whereas the brown material is 

olivine. The central part of the grain consists segmented la-
mellae of  ringwoodite. 
 
3. Discussion 

The variety and complexity of the ringwoodite mi-
crostructures in RC106 and Acfer040 suggest a variety 
of transformation mechanism in both samples. Dark 
blue lamellae in ringwoodite aggregates of RC106 
correspond to fine-grained lamellae that are likely re-
gions of heterogeneous nucleation. These could be 
fractures in the olivine that existed before the shock or 
localized deformation and heating that occurred during 
shock. The course grained and pale blue ringwoodites 
that occur adjacent to the dark regions probably repre-
sent regions where nucleation rates were slower and 
therefore fewer ringwoodite nuclei formed. However, 
the fine-grained regions also occur in irregular shapes, 
suggesting that variations in nucleation rates may be 
quite complex.  

The microstructures in the ringwoodites of 
Acfer040 are more complex than those in RC106. 
Many ringwoodites have dark blue rims and colorless 
margins with no clear indication of crystal size. As-
suming that, as in RC106, that the dark material is 
finer grained ringwoodite, the textures suggest high  
ringwoodite nucleation rates along olivine grain 
boundaries. The abundant lamellar intergrowths of 
ringwoodite and olivine suggest heterogeneous nuclea-
tion along specific planes in olivine. The lamellae in 
Acfer040 tend to be parallel, rather than crossing as in 
RC106. Crystallographic control of these lamellae has 
not yet been demonstrated, but TEM analysis will be 
presented to address this issue. 

 
4. Conclusions 

The variety and complexity of microstructures and 
inferred transformation mechanisms in RC106 and 
Acfer 040 indicate that there are numerous  solid-state 
transformation mechanisms that produce polycrystal-
line ringwoodite aggregates. These variations probably 
correspond with to local variations in temperature and 
stress during shock.  
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