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Introduction: High-pressure minerals, have been 

reported up to date, from several strongly shocked me-

teorites. These minerals are common in and around the 

shock-induced melt veins [1]. This is widely accepted, 

that the formation conditions of these phases require 

high pressure and temperature rates. The ringwoodite 

(γ-olivine phase) occurs as fine grained polycrystalline 

aggregates, formed through a phase transition of oli-

vine during exogenous dynamic events [2]. On the 

other hand static high-pressure experiments demon-

strated that low-Ca pyroxene could transform to ma-

jorite at pressure of 16-22.5 GPa, and 1600-2500°C 

[3]. The ringwoodite and majorite coexistence could 

represent at temperature between of 2000-2200°C, and 

at pressure of 17-23 GPa [4]. In this abstract, we report 

the firstly observed ringwoodite-majorite-glassy mate-

rial assemblages from the NWA 5011 highly shocked 

meteorite, and a transition boundary zone by ring-

woodite lamellae, along a peripheral part of the shock 

vein. 

Results: The NWA 5011 meteorite was found in 

2005 in Morocco. The main modal components are as 

follows: olivine, pyroxene, maskelynite, metal-troilite, 

Fe-sulfides. The sample contains black melt veins up to 

5 mm. The NWA 5011 meteorite is an L6-type chon-

drite, and shock stage is S6. 

We investigated the black melt veins by optical mi-

crograph, scanning electron microscope, and micro-

Raman spectroscopy for identification the possible 

high-pressure mineral phases. Many inclusions ob-

served in plane polarised light appear blue color, which 

are ringwoodites (Fig. 1). These grains have closely 

resemble to the chemical composition that of olivine 

grains which are in the chondritic portion. The micro-

Raman investigation revealed the spinel structure for 

these grains. 

The peak positions in our Raman spectrum are at 

796 cm
-1

 and 845 cm
-1

, which are in good agreement 

with the previous studies [2,5,6]. But we have got an 

unknown peak at 875 cm
-1

, which does not belong to 

nor olivine high-pressure polymorphs neither any other 

high pressure phases. However it is interesting to note, 

that the peak intensity at 845 cm
-1

 is low compared to 

studies of [2,5]. The ringwoodite has normal and in-

verse structure. In the normal structure Si-atom has 

fourfold and Mg-atom is sixfold coordination, but in an 

inverse type the Si-atom shows sixfold coordination, 

and the Mg-atom has in 50% fourfold and sixfold co-

ordination respectively. Additionally possible to expla-

nation for 875 cm
-1

 peak is that, this peak is related to 

the glassy material. The peak broadening is significant, 

which is related to the high internal tension of the 

atomic bonds. The colors of ringwoodite are variable. 

We found dark blue, pale blue, colorless, and even 

dark greyish-green ringwoodites, too. The greyish-

green type has more Fe-content as other types. At the 

same time the Mn-content was negligible.  

The one of the most interesting transformation be-

tween the olivine-ringwoodite polymorphism is the 

ringwoodite lamellae formation in those olivine grains 

which are on the vein edge, or on the narrow boundary 

zone between the chondritic part and vein edge [1,2]. 

The observations in natural samples and experiments 

revealed that this formation mechanism is different to 

the intracrystalline nucleation [1]. We observed a tran-

sition zone along to the shock vein edge which strech 

to chondritic part is about 100 µm in range (Fig. 2). 

 

Figure 1. Polycrystalline ringwoodite grains in and 

around the shock-induced melt vein from NWA 5011 

meteorite. (plane polarised light)  

 

The higher FeO-content in the ringwoodite lamellae 

supports compositional diffusion of Fe during nuclea-

tion and growth of ringwoodite lamellae as observed 

by [2]. But orientation of lamellae has not been deter-

mined yet.  
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The shock melt veins in NWA 5011 contain other 

high pressure mineral, too. We could determine the 

majorite (Fig. 3), which has variable size range be-

tween of 0.5 and 150 µm. In some cases majorite 

grains are connected to the glassy material, which has 

MgSiO3-chemical composition. 

 

 
 

Figure 2. Ringwoodite lamellae transition zone are 

close to the shock vein edge.  

 

The matrix of shock vein is majorite-pyrope ss. 

which grains were crystallized from melt. The crystal-

lization was nearly in equilibration condition because 

of the triangular points in textural characteristics 

Figure 3. Raman spectrum of majorite from NWA 

5011 meteorite. 
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