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In nine, highly shocked (S6) samples of Saharan L5-6 and Uchondrites green and brown varieties of 
polycrystalline ringwoodite have been found. They resemble texturally and chemically the coexisting blue and 
purple varieties and consist of an intergrowth of high-Fe ringwoodite and lowPe wadsleyite formed by exsolution 
during pressure release from >50 GPa. 

Introduction. As part of a long-term research project on shock metamorphism of chondrites [I] the formation 
conditions of the high-pressure phases of olivine have been studied in some detail [e.g., 21. Ringwoodite and 
wadsleyite are formed in connection with melt veins in chondrites of the highest shock level (stage 6) at pressures 
above about 50 GPa [2]. Under the optical microscope the fine-grained ringwoodite aggregates are commonly blue, 
purple or colourless. A new type of green and brown ringwoodite has been found in Saharan L5-6 and L6 
chondrites which are the subject of this abstract. 

Samples. 471 meteorites were collected in the Sahara between 1989 and 1993, nine of them contain 
ringwoodite and have been studied with the optical microscope, the SEM and the microprobe. L5-6-Ader 040, L6- 
Ader 044, L5-6-Ader 072, L6-Ader 252, L6-Ader 254, L6-Aguemour 003, L6-Hammadah a1 Hamra 026 and 
L6-Hammadah al Hamra 038 are moderately weathered (metals partly oxidized, but most of the metals preserved, 
abundant oxide veins), and Ader 280 is moderately to heavily weathered (most of the metals were replaced by 
oxides, strong oxide veining) [3]. Nevertheless they are very important examples for the occurrence and textural 
setting of ringwoodite. 

Occurrence and texurd setting. Ringwoodite occurs in the Saharan chondrites as polycrystalline aggregates 
of submicroscopic crystals. The isotropic ringwoodite replaces olivine grains inside fine-grained crystallized melt 
veins or melt pockets of more than 20 p thickness (Figure 1) or at the contact of the shock veins to the host 
chondrite, even at shock veins with a thickness of less than 20 pm: Acfer 280 and Aguemour 003 show 
ringwoodite adjacent to veins of only 5 p thickness. Ringwoodite forms either single grains or constituent of 
polymineralic grains, that are composed of various minerals. Ringwoodite may coexist with the P-phase of olivine, 
wadsleyite [4]. Sometimes the olivine of the host chondrite adjacent to the melt vein is completely transformed to 
polycrystalline ringwoodite at the melt contact and partially transformed to ringwoodite along intergranular planes 
away from the contact. Blue, purple and colourless ringwoodite aggregates have been known since the first 
discovery in the meteorite Tenham [5]. Some of the Saharan meteorites show now as well green and brown 
aggregates with the same characteristics (chemical composition, isotropy, texture, occurrence) as the well known 
blue and purple ringwoodite aggregates. The brown aggregates are isotropic at the contact to the melt vein and get 
anisotropic further away from the melt vein without a change of the colour. 

Chemical analyses. EDS-analyses with the SEM and microprobe analyses reveal that the average composition 
of the polycrystalline ringwoodite aggregates is near to the composition of the olivine in the host chondrite (F%4 
25, MnO 0.50 wt.%) although there is a tendency to a higher FeO- and a lower MnO~ontent in the ringwoodite 
aggregates. The individual analyses scatter in a wide range from Fal4 to Fa39 and from values below the detection 
limit up to 0.8 mol% M9SiO4 (Figures 3-5) indicating the coexistence of ringwoodite and wadsleyite. Some 
aggregates appear to be depleted in FeO in the center and enriched towards the rim (Figure 6). In some meteorites 
the FeO- and MnOcontent show a negative correlation. No significant chemical differences have been found a) 
between colourless and coloured ringwoodite aggregates, b) blue, green or brown ringwoodite aggregates, and c) 
isotropic aPld slightly anisotropic aggregates. 

Discussion. The results on Saharan chondrites confirm the interpretation that the high pressure polymorphs of 
olivine are formed in chondrites at locations where localized melting of the chondritic material occurs due to 
localized shock-pressure and temperature excursions. Ringwoodite crystallizes most probably not during the short 
peak pressure pulse but rather during the more extended phase of pressure release, where the temperature is still 
extremely high, presumably near the solidus of chondrites. 

The observed chemical variation of individual grains of the ringwoodite-bearing aggregates and the indication 
by [4], that wadsleyite (the P-phase of olivine) coexists with ringwoodite, could be explained as follows. On release 
from a high pressure shock stage (>50 GPa), exsolution of wadsleyite in ringwoodite occurs in the pressure range 
between about 16 and 13 GPa [6]. If the primary olivine composition is F%5, the P-phase would have compositions 
in the range Fa!,,, and the y-phase (ringwoodite) in the range of F+545. This range is very close to the observed 
chemical variation within polycrystalline ringwoodite-bearing aggregates (Fa1439). It is quite possible that perhaps 
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a later exsolution of the a-phase (olivine) in wadsleyite or ringwoodite in the pressure range below 13 GPa could 
happen. This would explain values in the FeOantent of up to Fa5o, that we measured with the ATEM in 
ringwoodite aggregates of the meteorite Tenham. The zoning of some polycrystalline ringwoodite aggregates could 
be due to a chemical exchange reaction with the surrounding melt or due to rim melting, which would produce a 
Fe-rich zone by fractional melting. 

Figure 1: Blue and green to oolourless ringwoodite 
aggregate embdded in a melt vein in the meteorite 
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Ader-344. The scale bar is 20 pn. Transmitted light. they arearecaused prmmab& by h e  exsolution of wsdslmite. 

Figure 3: Composition of blue and colourless ringwoodite Figure 4: Composition of green and blue aggregates 
aggqata in Xguemour 003. in Acfer 044. 
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Figwe 5: Composition of brown and isotropic Figure 6: P d l t  through a ringwoodite aggregate in Ada 
aggregates in Acfer 040. 040. The zoning in the F%SiO,content is clearly visible. 
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