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PETROLOGY AND CONDITIONS OF CRYSTALLIZATION OF TYPE I1 FEO-RICH 
CHONDRULES IN SEMARKONA (LL3.0). Rhian H. Jones, Institute of Meteoritics, 
Department of Geology, University of New Mexico, Albuquerque, New Mexico 87131, USA. 

4 detailed petrologic study of the "type 11" FeO-rich porphyritic olivine chondrules in the 
Semarkona (LL3.0) ordinary chondrite has been carried out, which complements the study of 
iype IA FeO-poor porphyritic olivine chondrules in the same meteorite (1). The two types of 
chondrule have been studied in order to characterize in detail the products of initial 
crystallization of chondrules in a chondrite which shows minimal secondary alteration, as a basis 
for the study of conditions of initial crystallization and the effect of metamorphism on 
chondrules in meteorites of higher petrologic type (2). Type I1 chondrules may be identified in 
thin section by the following properties: olivines are euhedral and range in diameter from 10- 
400pm. Mesostasis occupies 5-40 vol.% of the chondrule, is glassy and contains many 
microcrystallites. In addition, there may be minor amounts of troilite, Fe,Ni metal, pentlandite 
and chromite. In contrast, type IA chondrules have a more even size distribution of olivine 
grains, abundant metal and, often, pyroxene near the rims which is not observed in type I1 
chondrules (3,4). Major and minor element compositions of the different phases, and zoning 
profiles in the olivines, have been measured with the electron microprobe for ten type I1 
chondrules of Semarkona, and are described in detail below. 
Olivines. The majority of olivines are fayalitic and normally zoned, with FeO zoned from 
approximately 10-30 wt% (core-edge) in large grains (Fig. 1). Smaller grains tend to have more 
Fe-rich cores. In larger grains the core composition is constant across approximately 50% of the 
radius of the grain, and the zoning is only marked in the outer region. Al 03, Ti02, NiO and 
Na20 are generally below microprobe detection limits of approximately 0.02wt% in the olivines 
analysed. Zoning profiles for CaO, Cr,O, and MnO correspond with FeO, and concentrations of 
these elements increase towards the edges of grains in the rim region. Typical core to edge 
compositions are: Cr203, 0.35-0.60; MnO, 0.25-0.70; CaO 0.10-0.30 wt%. In most chondrules, 
the Cr203 content drops at the edge of olivine grains (Fig. l ) ,  and this appears to be associated 
with chromite crystallization (see below). In some chondrules there is significant P in the 
mesostasis, and measurable P (up to a maximum of 0.3 wt% P205) in olivine which also 
increases towards the edges of grains. In some chondrules larger ollvine grains have rounded 
indentations and mesostasis inclusions suggesting that they initially grew with hopper 
morphology. Regions of Fe-enrichment surround these indendations and show zoning profiles 
which correspond to the zoning observed at the grain edges. 
Mesostasis. In all the type I1 chondrules studied the mesostasis is predominantly glassy, with 
adundant microcrystallites which have dendritic textures suggesting that they are of quench 
origin. Average compositions of glass plus crystals have been measured using a 10pm electron 
beam. Mesostases are strongly fractionated, with 60-65wt% SiO,, 10-15wt% A1 0, and 5-10wt% 
CaO. FeO contents lie in the range 6-9 wt%, MgO from 3-5wt% and Na20 tram 3.5-7.5wt0/o. 
Mesostases also contain significant P, ranging from 0.5-3.5wt% P205. In one chondrule several 
lath-shaped grains of augite (up to 60xIOpm) are present throughout the mesostasis, but in other 
chondrules microcrystallites are too fine-grained to be analysed by electron microprobe. 
Opaaue phases and chromite. Small (<10pm diameter) rounded blebs of troilite are distributed 
throughout the olivines and mesostases of most type I1 chondrules. Larger opaque assemblages 
up to 40pm in diameter, consist of troilite, Fe,Ni metal and sometimes pentlandite. Late-stage 
chromite, which is brown in transmitted light, is present as small (<20pm) euhedral grains, in 
the mesostasis only, in most chondrules. 
Relict grains. Two types of relict olivine have been observed in the type I1 chondrules studied. 
a) Relict forsterite. Rare grains of forsteritic olivine are observed which have compositions very 
similar to the forsterites of type IA chondrules described by (I), for example Fe0=0.50, 
Ca0=0.55, A120,=0.18, Ti0,=0.09, Cr203=0.12 wt%, and which contain rounded grains of Fe,Ni 
metal. The forsterites have normally zoned fayalitic rims identical in composition to those on 
the common Fe-rich olivines. They may therefore have originated from the breakup of 
previously formed type IA chondrules, and been incorporated into the mixture of type I1 
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chondrule components before or during chondrule formation (5). At the boundary between 
forsteritic cores and fayalitic rims zoning profiles for Fe, Cr, Mn and Ca are sloped over 10- 
15pm and CaO decreases to 0.3wt% at the grain edges. Significant diffusion thus appears to 
have taken place across the interface during crystallization of the chondrule. b) Relict fayalite. 
Some of the larger olivine grains in several type I1 chondrules have a euhedral Fe-rich core 
region of approximately 20wt% FeO, surrounded by a rim showing common normal zoning from 
Fe0=10-30wt% (Fig. 2). In transmitted light the fayalitic cores appear cloudy with many tiny 
(<lpm) inclusions. Larger (2pm) inclusions are tentatively identified as chromite and metal in 
different grains. Minor element concentrations in the core regions are similar to the normally 
zoned rim regions. Zoning profiles show that diffusion has taken place across the boundary 
between the fayalitic cores and overgrown rims in a similar way to the relict forsterites 
described above. In some cases the original boundary is marked distinctively by peaks in Cr203, 
A1203 and CaO contents up to 0.6, 0.2 and 0.3 wt% respectively, which are associated with a 
higher concentration of inclusions. These fayalitic cores are similar to the relict grains described 
by (6-8), although an important distinction is that their minor element contents are similar to 
the overgrown fayalites, and are considered to be relics in the type I1 chondrules. 
Crvstallization of tvDe I1 chondrules, Crystallization of type II chondrules can be described as 
closed system crystallization under rapidly cooling conditions. The Fe/Mg distribution 
coefficient at the edge of olivine grains is close to 0.3 which is consistent with closed system 
crystallization. Cooling rates of 1000"C/hr for porphyritic olivine chondrules with zoned olivines 
(Fo, 73) were determined by (9). Diffusion across the boundaries between relict grains and 
fayafhc growth rims during crystallization, and homogeneous cores of normal olivines suggest 
that some degree of homogenization has taken place, probably at higher temperature. Type I1 
chondrules clearly crystallized under more oxidising conditions than type IA chondrules, having 
a higher FeO/Fe ratio and significant CP (in chromite). Type 11 chondrules have higher 
concentrations of volatile elements (e.g. Na, P, S) than type IA chondrules, suggesting that 
maximum temperatures were lower. There appears to have been a variety of precursor 
components available, including some forsterite and fayalitic olivines. Type 11 chondrules have a 
higher total Fe/Mg ratio than type IA chondrules and this may be because the proportion of 
fayalite to forsterite in the precursor material is higher for type 11 chondrules. If more forsterite 
were present in type 11 precursor material it may be expected to be more abundant as relict 
grains, which might not melt at the highest temperature to which a type I1 chondrule was 
heated. No evidence for any alteration subsequent to crystallization has been observed in the 
chondrules studied, and they are thus a good basis for a study of metamorphism in meteorites of 
increasing petrologic type.  his work nae supported by NASA grant NAGO-SO, P.I. m- ~ e i l . )  
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Figures. Zoning profidea from cores to rima of olivine  grain^, chondrule C101. Fig. 1; Normally mned olivine, product of 
closed system crystallisation of chondrule. Fig. 2; Relict fayalitic core with normal soned overgrowth. 
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