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Systematic variations in the composition 
of silicates and metallic phases in ordinary 
chondrites of different petrological types as well 
as in the results of experimental melting of 
chondrites provide evidence of their magmatic 
genesis. 

 
 Most information on the solar system 
evolution is provided by meteorites, particularly 
chondrites, which represent the most primitive 
iron―stony material. Admitting that chondrules 
have magmatic geneses, most cosmochemists 
believe that they were produced during the 
preaccretionary stage or resulted from the 
impact melting of material at the surface of the 
parent body, and, thus, there are supposedly no 
genetic relations between chondrules and the 
matrix that hosts them and whose origin is 
explained by condensation in the protoplanetary 
nebula. Alternative concepts of the magmatic 
genesis of chondrites early in the evolutionary 
course of their parent bodies are currently 
developed by the school of researchers headed 
by Acad. A.A. Marakushev. 
 Which lines of evidence can be 
employed to obtain to decide as to whether the 
chondrules and matrix of ordinary chondrites 
were produced independently in the 
protoplanetary nebula or, conversely, originated 
simultaneously as a consequence of liquid 
immiscibility in chondritic melts and further 
evolved concurrently during changes in the 
physicochemical parameters of their parent 
bodies? Obviously, it will be impossible to 
consider the chondrule and matrix matter 
separately as soon as the assemblages in all of 
them are demonstrated to provide record of the 
same evolutionary stages of their parent bodies, 
and the development of chondrules and matrices 
is proved to be coupled with the exchange of 
components between them, which should testify 
to their coeval origin in a common system. In 
this context, it is interesting to discuss the 
following regularities: 
(1) Mineral assemblages of both the 
chondrules and the matrices of different 
ordinary chondrites (LL, L, and H) of low 
petrological types provide evidence that 
chondrites were produced in two stages 
(chondrules show a change from reversed 

zoning of the olivine and pyroxene [8] for their 
normal zoning; the matrix assemblage of the 
reduced species Si0, Cr0, P0, and kamacite gives 
way first to the assemblage of kamacite and the 
respective oxides and, later, the kamacite itself 
is substituted by ferrous olivine [7]). The 
occurrence of Si0, Cr0, and P0 in kamacite in 
both the chondrules and the matrix suggests 
similar conditions and mechanisms that 
produced this mineral, as well as the parallel 
evolution of the chondrule and matrix material 
(as is implied by their mineral assemblages). 
This suggests that the evolution of the chondrule 
and matrix material cannot be consider 
independent. 
(2) Conjugate compositional variations of 
the silicate and metallic phases can be 
identified for both genetic stages of 
chondrites of low petrological types [7]. First, 
the decrease in the XFe of olivine (i.e., a decrease 
in its ferrous oxide concentration) is associated 
with a decrease in the XNi and XCo of the 
kamacite (i.e., an increase in its concentration of 
metallic Fe; stage I, reduced). Then, an increase 
in the XFe of silicates is coupled with a decrease 
in the total amount of the metallic phase and an 
increase in the Ni concentration in the taenite 
and Co in the kamacite at an insignificant 
decrease in the Ni concentration in the latter 
mineral (stage II, oxidized). The decrease in the 
XNi of the kamacite correlated with an increase 
in the XFe of the olivine is seemingly in conflict 
with more oxidized conditions during stage II. 
However, in fact the decrease in the Ni 
concentration in the kamacite is caused by the 
appearance of another Ni-bearing phase, taenite, 
whose Ni concentration is directly correlated 
with the XFe of silicates. The highest Ni 
concentration of taenite and the XFe of olivine 
attain a maximum in the fine-grained silicate 
matrix. The change from the chondrule 
assemblage to that of the matrix can be well 
described by the reaction 
 
3(Mg0.9Fe0.1)2SiO4 + 3(Mg0.9Fe0.1)2Si2O6 + 
7Fe0.95Ni0.05 + 6H2O = 9(Mg0.6Fe0.4)2SiO4 + 
Fe0.65Ni0.35 + 6H2, 
 
which is written for the actual compositions of 
silicate and metallic phases in the chondrules 

Lunar and Planetary Science XXXIV (2003) 1058.pdf



SYSTEMATIC COMPOSITIONAL VARIATIONS: N. G. Zinovieva et al. 

and matrix of the Yamato-74417 L3 chondrite 
and testifies to an enhancement of the oxidation 
potential. 

 The Fe redistribution between the 
silicate and metallic phases, resulting in a 
decrease in the XFe of the olivine and enrichment 
of the Ni-bearing minerals in Ni and Co, reflects 
equilibrium (at any given moment of time) 
relations between the silicate and metallic 
constituents. The phase correspondence (in 
terms of the XFe of silicates and the XNi of the 
taenite and kamacite; the XFe of silicates and the 
Co concentration of the kamacite) between the 
silicate chondrules and matrix metallic phases in 
ordinary chondrites of low petrological types 
indicates that equilibrium relations between the 
chondrule (silicate) and matrix (metallic) 
material were preserved during the evolution of 
chondritic magmatism and that the chondritic 
texture was produced by liquid immiscibility in 
the melts. 
(3) There are systematic correlations 
between the composition of the silicate and 
matrix metallic phase in ordinary chondrites 
of high petrological types (known as the Prior 
rule, according to which a decrease in the XFe of 
the silicates in chondrules in the sequence 
LL→L→H is correlated with a decrease in the 
Ni concentration in the matrix metallic phase at 
an increase in the total Fe concentration). The 
relations between LL and H chondrites can be 
described by the following reaction in terms of 
normative minerals of these chondrites: 
 
Mg1.4Fe0.6SiO4 + 0.1Fe0.75Ni0.25

0 + 0.25H2 = 
0.75Mg1.6Fe0.4SiO4 + 0.25Mg0.8Fe0.2SiO3 + 
0.35Fe0.93Ni0.07

0 + 0.25H2O. 
 
The systematic correlation between the 
composition of silicate chondrules and matrix 
metallic phase (in both chondrites and some iron 
meteorites genetically related to chondrites, 
Watson IIE [6], Netschaevo IIE [5]) provide 
evidence for equilibrium relations between the 
chondrules and matrix, and the above reaction 
reflects progressively more reduced conditions 
of chondrite origin in the sequence LL→L→H 
and is readily explained by interaction between 
chondritic melts and the hydrogen envelopes of 
the parent planets [1]. 

(4) Experimental studies of 
iron―silicate liquid immiscibility in 
chondritic melts [2, 3] under reduced 
conditions at 1200°C not only validate genetic 
relations between the chondrule and matrix 

material of chondrites but also demonstrate 
that this liquid immiscibility is characterized 
by equilibrium relations between the silicate 
and sulfide―metallic melts, as is recorded in 
the systematic correlations between the 
compositions of the silicate and Fe―Ni 
phases in compliance with the well-known 
Prior rule. The correlated variations in the XFe 
of the silicates and the Ni concentration in the 
metallic phase (which were observed in both 
experiments and natural ordinary chondrites) 
highlight equilibrium relations between the 
chondrules and matrices, controlled by 
equilibria between their phases [4]. These 
regularities disprove now conventionally 
adopted concepts that the chondrules and 
matrices of chondrites were produced 
independently in the protosolar nebula and 
provide evidence that they originated 
simultaneously owing to liquid immiscibility in 
chondritic melts. 

Petrological and experimental study of 
ordinary chondrites demonstrates that their 
chondrules and matrices compose a single 
complex, whose genesis was controlled by the 
evolution of physicochemical parameters in the 
parent bodies. The texture of ordinary 
chondrites was shaped by liquid immiscibility in 
the fluid melts, a process that caused their 
exsolution into silicate chondrules and a Fe- and 
Ni-rich matrix, which are in phase equilibrium 
with each other. The development of 
iron―silicate magmatic liquid immiscibility, 
which underlies our petrologic model for the 
genesis of chondrites, receives support in 
experimental studies of magmatism under 
strongly reduced conditions, and the 
introduction of a Ni―Fe phase into the 
experiments makes it possible to obtain phase 
correlations (postulated in the form of the Prior 
rule) typical of ordinary chondrites. 
 
Acknowledgments - This work was supported by the 
Russian Foundation for Basic Research. 
 
References: [1] Marakushev A.A. (1999) Origin of the 
Earth and the nature of its endogenic activity, M.: 
Nauka, 255p.; [2] Marakushev A.A. et al. (1995) 
Doklady Russian Akad. of Science, 345, 6, 787-801; [3] 
Marakushev A.A. et al. (2000) Doklady Russian Akad. 
of Science, 375, 6, 514-517; [4] Perchuk L.L.& 
Ryabchikov I.D. (1976) Phase Correspondence in 
Mineral Systems, M.: Nedra, 287p.; [5] Olsen E. & 
Jarosewich E. (1971) Science 174, 583-585; [6] Olsen E. 
et al. (1994) Meteoritics, 29, 200-213; [7] Zinovieva 
N.G. (2001) Petrology of ordinary chondrites, Moscow, 
262p.; [8] Zinovieva N.G. et al. (1995) Antarctic 
Meteorites XX, 288-290. 

Lunar and Planetary Science XXXIV (2003) 1058.pdf


