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Optical observartion showed [1] that individual olivine grains from the Luna-24 regolith contain 

Cr- and Ca-rich lamellae of 0.5-1 μm thick oriented parallel to the (100) of the host olivine (fig. 1).  
 

 
 
 

 
 

 
Fig.1. Optical image of Ca,Cr-lamellae in the olivine 
grain from the ”Luna-24” regolith 

 
Fig.2. Dark-field TEM image of Ca,Cr-lamellae. 
Black and white platelets are diopside and chromite, 
correspondingly 

 
Alternating platelets of diopside and chromite ∼40 nm and ∼130 nm thick, respectively, are 

oriented normal to the (100) olivine/lamellae boundary, with (100)Ol // (111)Sp //(100)Cpx; [001]Ol // 
[011]Sp // [010]Cpx. The bulk mineral composition of the lamellae is close to FeCr2O4 + 2CaMgSi2O6. 
Lamellar symplectites are rare to occur. They were described in olivine from some terrestrial rocks [2, 
3] and a Martian meteorite [4]. No detailed investigation of Cr,Ca-rich lamellar symplectites in lunar 
olivines has ever been done. The study shows that (i) the symplectitic lamellae in olivine have been 
formed by a solid-state reaction; (ii) subsolidus Cr2+ → Cr3+  oxidation and 2Mg = Cr + Ca cation 
exchange reaction were related to the symplectite formation (fig. 3). 
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Fig.3. The correlation of Mg versus (Ca + Cr). EMPA data for olivine + lamellae. The point at (Ca + Cr) 
=0 corresponds to the host olivine composition 
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Chromite and diopside are probably the breakdown products of some pre-existing phase of 

Ca2 FeMg2Fe(Cr3+)2Si4O16 composition inferred from the bulk chemistry of the symplectites. A model 
of a deprotonation-oxidation process associated with a { Fe, 2H-}→ { Fe, 2Cr3+} point defect 
transformation is suggested to explain the origin of the pre-existing phase of the symplectites. The 
model seems to be a convincing explanation for the occurrence of lamellar spinel + pyroxene 
symplectites in terrestrial olivines, because the latter contain commonly n⋅101 – n⋅102 ppm of H2O. 
Both { Fe, 2H-} point defects and (100)-oriented lamellar precipitates of hydrous olivine 
[Mg FeH2SiO4]*n[(Mg,Fe)2SiO4] were found in terrestrial mantle olivine [6]. A similar mechanism 
has been suggested to explain the origin of oxide precipitates in olivine from a terrestrial garnet 
peridotite [5]. How can this model be applied to lunar rocks, because the rocks are believed to be 
almost free of water? Recently, some arguments suggesting an H2O presence in the lunar mantle has 
come from a SIMS study of lunar volcanic glasses [7, 8].  

 
The investigation was supported by grant № 09-05-00444-a of Russian Fondation for 
Fundamental Researches and grant ОNZ-5 of theProgramm of Earth Science Department of 
Russian Academy of Sciences  
 
References:  
 
1. Tarasov L.S., Nazarov M.M., Shevaleevsky I.D., Kudryashova A.F., Gaverdovskaya A.S., Korina 

M.I. The petrography and the chemical composition of minerals in regolith from the Mare of Crisium. 
// Lunar soil from the Mare of Crisium // M.: Nauka. 1980. P. 359.  

2. Moseley D. Symplectic exsolution in olivine // Am. Mineral. 1984. 69. P. 139-153.  
3. Markl G., Marks M., Wirth R. The influence of T, aSiO2, and fO2 on exsolution textures in Fe-

Mg olivine: an example from augite syenites of the Illimaussaq Intrusion, South Greenland // Am. 
Mineral. 2001. 86. P. 36-46.  

4. Mikouchi T., Yamada I., Miyamoto M. Symplectic exsolution in olivine from the Nakhla martian 
meteorite // Meteoritics & Planetary Science. 2000. 35. P. 937-942. 

5. Khisina N.R., Wirth R. Hydrous olivine (Mg1-yFe2+
y)2-xvxSiO4H2x - a new DHMS phase of 

variable composition observed as nanometer-sized precipitations in mantle olivine // Phys. Chem. 
Minerals. 2002. 29. P. 98-111.  

6. Hwang S.-L., Yui T.-F., Chu H.-T., Shen P., Iizuka Y., Yang H.-Y., Yang J., Xu Z. Hematite and 
magnetite precipitates in olivine from the Sula peridotite: a result of dehydrogenation-oxidation 
reaction of mantle olivine? // Amer. Mineral. 2008. 93. P. 1051-1060.  

7. Saal A.E., Hauri E.H., Cascio M.L., van Orman J.A., Rutherford M.C., Cooper R.F. Volatile 
content of lunar volcanic glasses and the presence of water in the Moon’s interior // Nature. 2008. 454. 
P. 192-195.  

8. Chaussidon M. The early Moon was rich in water // Nature. 2008. 454. P. 170-172. 
 

 
Electronic Scientific Information Journal “Vestnik Otdelenia nauk o Zemle RAN” № 1(27)′2009 
ISSN  1819 – 6586 
Informational Bulletin of the Annual Seminar of Experimental Mineralogy, Petrology and Geochemistry – 2009 
URL: http://www.scgis.ru/russian/cp1251/h_dgggms/1-2009/informbul-1_2009/planet-31e.pdf 
 
Published on July, 1, 2009 
© Vestnik Otdelenia nauk o Zemle RAN, 1997-2009 
All rights reserved 


