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1. Introduction 

High-pressure minerals, produced by shock 
metamorphism, are common in and around melt veins 
in highly shocked chondrites [1-8]. These minerals 
either crystallized from silicate melt in the shock-vein 
or formed by solid-state transformed from host-rock 
fragments entrained in the melt or along shock-vein 
margins [3]. The study of these high pressure minerals 
can give us a better understanding of the pressure and 
temperature conditions associated with shock meta-
morphism. This abstract focuses on the solid-state 
transformation of olivine to ringwoodite and the for-
mation of ringwoodite lamellae.  

Although high-pressure phase transformations in 
shocked chondrites can be used to infer shock condi-
tions, their use to quantitatively calibrate shock pres-
sure and duration should be done with caution. The 
pressure constraints that one can draw are limited by 
sluggish transformation kinetics. However, if one can 
estimate the conditions of transformation, transforma-
tion kinetic data can be used to constrain the duration 
of shock events [9-11]. In order to apply experimental 
kinetic data to nature, the transformation mechanisms 
must be the same in both cases.  

Recent observations of ringwoodite lamellae in par-
tially transformed olivine near shock veins [10-12], 
have motivated us to look more closely at partially 
transformed olivine in Tenham. In this report we 
document the occurrence of ringwoodite lamellae in 
partially transformed olivine in Tenham, and discuss 
the likely transformation mechanism. 

 
2. Results 
Tenham is a highly shocked L6 chondrite with a dense 
network of black veins running randomly throughout 
the sample enclosing abundant host-rock fragments. 
Most of these fragments are small grains (less than 100 
nm) blue ringwoodite, the spinel-structured high-
pressure polymorph of olivine. Most olivine grains 
within the vein have been completely transformed to 
ringwoodite, as indicated by the purple-blue color in 
plane-polarized transmitted light, and optically iso-
tropic. TEM indicates most of these grains are the 
polycrystalline aggregates of ringwoodite crystals 
(Fig.1). The individual ringwoodite crystals are typi-
cally 200 nm to 1 µm in size (Fig. 1) and randomly 
oriented. The fact that polycrystalline ringwoodite only 
occurs within or in contact with shock melt, the hottest 
part of the sample during shock, suggests that high 

temperatures are essential for the kinetically slow oli-
vine-ringwoodite transformation. 

 

 
 
Fig. 1 Dark-field TEM image of ringwoodite crystals 
in a polycrystalline ringwoodite aggregate. The com-
mon stacking faults on {110} are clearly visible with g 
= 220. 
 

Relatively few of the transformed olivine grains in 
Tenham contain ringwoodite lamellae and all that we 
have observed occur as host-rock fragments entrained 
in melt veins or pockets. These partially transformed 
olivines are commonly intergrown with enstatite in 
multi-phase fragments in the melt pocket (Fig. 2A). 
Observed with plane-polarized transmitted light, these 
grains show lamella features and only partial optical 
isotropism of ringwoodite.  

Field-emission SEM images (Fig. 2A and 2B) show 
that partially transformed olivine has a lamellar micro-
structure, similar to those recently reported [10-12]. 
This microstructure appears as lamellae of brighter 
contrast in back-scattered electron images, suggesting 
that the ringwoodite may be richer in Fe2SiO4 than the 
surrounding host olivine. Examination of the lamellae 
at higher magnification (Figs 1B) reveals that these 
features are not continuous lamellae of ringwoodite, 
but rather lamellar regions of ringwoodite grains rang-
ing from 1 to 2 µm in size.  
 
3. Discussion 

The solid-state transformation of olivine to ring-
woodite generally occurs by reconstructive mecha-
nisms [13] and have been proposed to also involve a 
martensitic-like mechanism [14]. The polycrystalline 
textures of ringwoodite in shocked chondrites indicates 
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that transformations were reconstructive, involving 
nucleation and growth. Nucleation can occur through-
out the crystal of the parent phase (homogeneous nu-
cleation) or at defect sites or grain boundaries of the 
parent phase (heterogeneous nucleation). If the nuclea-
tion of ringwoodite preserves the oxygen sublattice of 
the olivine, the mechanism is referred to as coherent 
nucleation.  

Recent observations of ringwoodite lamellae in par-
tially transformed olivine [11] have been interpreted as 
a coherent intracrystalline transformation mechanism 
like that observed in experimentally transformed sam-
ples by Kerschhofer et al. [15-17]. Kinetic data for 
growth of coherent ringwoodite lamellae were used to 
constrain the duration of shock pressure to > 3 seconds 
[11]. However, the interpretation of coherent lamellae 
[11] is not supported by TEM observations of coherent 
intergrowths or crystallographic orientation relations 
between the olivine and ringwoodite. 

The Lamellar textures that we observe in partially 
transformed olivine in Tenham (Fig. 1A and 1B) are 
inconsistent with a coherent lamellar transformation 
mechanism such as that of Kershhofer et al. (2000) or 
that proposed by Chen et al. (2004). Instead, the dis-
continuous lamellar textures that we observe strongly 
suggest that the lamellae consist of many distinct 
ringwoodite crystallites rather than single-crystal la-
mella. We infer that the lamellar texture seen here 
represents incoherent transformation along distinct 
crystallographic planes in olivine rather than nuclea-
tion and growth of lamellae that preserves the oxygen 
sublattice of olivine. The mechanism, that produced 
the granular lamellae shown in Fig. 2B, is analogous to 
the formation of planar deformation features, which 
represent preferential transformation along specific 
crystallographic planes of the host mineral. In this 
mechanism, heterogeneous nucleation occurs along 
specific planes in the olivine structure, but the ring-
woodite nuclei are randomly oriented and therefore 
have incoherent interfaces with the host olivine. Such 
a mechanism could explain the lamellae features seen 
here in Tenham as well as the predominance of ran-
domly oriented ringwoodite crystals in all polycrystal-
line ringwoodite in meteorites that have been studies 
by TEM. Additional TEM data on lamellar ring-
woodite-olivine intergrowths are needed to further test 
this model. 
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Fig2. A) Field-emission SEM image of big olivine 
grain in the melt pocket with ringwoodite lamellae. B) 
High magnification FESEM image of center of Fig.1A 
shows details of ringwoodite lamellae in olivine. 
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