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The research on mineral paragenesises of ureilites showed that an interstitial material formed by 
isochernical recrystallhation and partial melting of rock-forming minerals: olivine and pyroxene. 
The existence of pyrope in the re-crystalked areas and the assemblage of new-formed Mg-rich 
minerals + Ft-metal + Cr-Fe - sulphides + Cr-spinellid + carbon material + diamonds let us make a 
conclusion that the re-crystallization of ureilites happened in high pressure conditions by the reducing 
carbon-rich fluids. 

Ureilites are very interesting because of the different formation conditions of rock-forming 
minerals and an interstitial material. It's well known that main minerals of ureilites are olivine and 
pyroxene. They have zonal-structure: Mgcontent of these minerals increases to the border of the 
grains. The most interesting is a problem of the genesis of the interstitial fine-grained material. It was 
shown [l; et al.] that its bulk chemical composition is pyroxene-like and is rich in Al2O3, CaO and 
siderophile elements in comparison with centers of the grains of rock-forming minerals. 

Detailed petrological research on a zonal composition of the rock-forming minerals and the 
interstitial material of meteorites Novo-Urei, Dyalpur, Havero and Kenna carried out by the scanning 
electron microscope CamScan-4DV with energydespersive analyzer AN 10000, let us make the 
following conclusions. 

The zonal structure of the olivine and pyroxene grains has metamorphic nature. The grains of 
olivine and pyroxene consist of the central parts of the grains and thin interrupted rims around them 
or sometimes along thin fractures inside the grains. Fractures between olivine and pyroxene grains 
and fractures crossing these grains are filled with carbon material, Fe-Ni metal, sulfides rich or poor 
in Cr, cohenite and perryite. There are fine (up to 1 mkm) crystals of diamonds in these fractures. 
The thickness of the &I of alteration is much more in the olivine grains (up to 150 - 300 pn) than in 
the pyroxene (up to 30 - 50 pm) grains (Fig. 1). 

The outer parts of the olivine grains (rims) are recrystallized nearby the fractures and are 
formed by the aggregate of olivine (Fa 2-3), enstatite and Fe-metal We found that this rim has a 
zonal structure. There are the following zones fiom the fracture to the center of the olivine gram: a - 
enstatite + sulphide of Fe and Cr + Cr-spinellid; b - enstatite + olivine (Fa 2-3) + Fe-metal (with fine 
chromite grains); c - olivine (Fa 5-10) + fine Fe-metal grains. Fe-content of the olivine grains sharply 
increases from the rim to the center and the centers of the grains have a constant (Fa 17-20) 
composition without fine gmins of Fe-metal. It's necessary to note that olivine (with fine grains of Fe- 
metal) has the deficiency of ferrous iron as the result of reducing ~ e ~ + t o  FeO and forming Fe-metal. 
Bulk composition of completely re-crystallized parts of the rim is nearly equal to the composition of 
olivine with deficiency of ferrous iron. The re-crystghzed phases are poor in Fe, and rich in Cr and 
have a good stehiometry. Small grains of primary o k n e  are completely re-crystallized. 

Thus, the zonal structure of olivine grains is formed by the reduction of ferrous iron and by the 
recrystallization of olivine. Change of paragenesises of recrystallized aggregate shows the 
increasing of the reduction conditions fiom the centers of the olivine grains to the fractures, highly 
reducing carbon-rich fluids followed. 

The outer parts of the pigeonite grains (rims) are recrystallized nearby the fixtures, but these 
rims are very thin and interrupted. The recrystallkition of pigeonite has a zonal structure as well. 
There are the fine grains of Fe-metal in the rim as the result of reducing ~ e ~ +  to FeO. The rim is poor 
in Ca and lost A1 in comparison with pigeonite core. The thin rim of low-Ca emtatite formed as a 
result of this process. Ca and A1 are c o n c e n M  in the central part of the alterated area. The bulk 
composition of the recrystallized areas of pigeonite is equal to the composition of the primary 
pigeonite, but is rich in A1 and Si in comparison with pigeonite cores. 

The mineral composition of the active re-crystallized zones of pyroxene consist of relict grains of 
low-Ca enMte, augite and quartz-like phase with variable content of A1203 (up to 8 weight. %), 
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Na2O (up to 3 weight. %) and K20 (up to 0.7 weight. %). These zones have a magmatic texture: 
small (up to 2-3 pm) idiomorphic augite grains grow on the surface of the low-Ca enstatite crystals. 
These grains together with small grains of Fe-metal are cementcd by an interstitial quartz-like phase. 
Sometimes this melt intrudes (by the £i-actures) into the unchanged zones of pigeonite (Fig. 2) and 
even into partially recrystallized grains of olivine. We can explain the heterogeneous composition of 
quartz-like phase by it small size and because of it dirty analysis. When the quartz-like phase forms 
larger gmins it has the quartz composition. It's known that there is difference (from first to 14-15 
weight %) io Al203-content of quartz-like phase. We have made analyses of Al203-rich areas and 
have found small (<I .5 pn) grains of pyrope surrounded by the quartz-like phase containing lesser 2 
weight % of Al2O3. The analyses of pyrope are dirty with Si02 because of the small size of the 
pyrope grains. However, the correlation of the others components (deducted 8 % of Si02) shows the 
good stehiometry of almost pure pyrope: Pyr-82.0, Alm-7.4, Andr-5 .O, Uwar-2.3, Gros-3.3 - 
(~g2.46~e~+o.22cao.32)(~11 . 8 5 ~ ~ . 0 4 ~ e 3 + 0 . 1 ) [ ~ i 3  040 121. The existence of paragenesis of ~ v r  
+ low-A1 Opx + Mg-01 + Cpx testify to the hi'& pressure formation condition of the re 
crystallization of ureilites. 

Comparing the paragenesises of new-formed minerals replacing olivine and pyroxene, we see that 
they formed in the equilibrium conditions. It's well known [2; 31 that there is the heterogeneous 
distribution of Si, Ca, Al and Cr in the interstitial material of ureilites but this heterogeneous 
distribution is connected with the different compositions of the primary olivine and pyroxene, and it's 
not necessary to have the residual, interstitial melt of the ureilites. The recrystallization of the 
ureilites has isochemical nature and doesn't need transport of the petrogenic elements. The 
comparison of ureilites which had been undergone the diffcrent level of impact metamorphism 
showed the independence of the processes of the re-crystallization and impact metarnorphlsm. 

The presence of pyrope in the melted zones of the ureilites let us to suppose that the re- 
crystallization of the ureilites with their partial melting was caused by the subsidence of the ureilites 
into the rather large parent body where ureilites were metanlorphosed by the highly reducing carbon- 
rich fluids. 
REFERENCES: [ l ]  Goodnch C.A. (1992) Meteoritics 27, 327-352; [2] Ogata H. et al. (1991) 
Meteoritics 26, 195-200; [3] Scott E.R.D. et al. (1992) LPSXYIII, 1253-1254. 
FIGURE CAPTIONS: Fig. 1. Meteorite Novo Urei. Active re-crystallization of olivine (from the 
left) and poorly re-crystallization and partial melting of pigeonite (from the right); Fig. 2. Meteorite 
Novo Urei. Melted jets in pigeonite. 
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