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THE hlINERALOGY O F  TYPE IA CHONDRULES I N  SEMARKONA (LL3.0): 
DISENTANGLING THE IGNEOUS AND METAMORPHIC HISTORIES OF TYPE 3 
ORDINARY CHONDRITES. Jones, R.H. and Scott, E.R.D.; Institute of Meteoritics, Department 
of Geology, University of New Mexico, Albuquerque, New Mexico 87131. 

Introduction. The study of chondrules in ordinary chondrites is complicated by the succession of 
stages in their thermal histories. A study has been initiated which will seek to characterise in 
detail the products of initial cooling of chondrule droplets, and the effects of secondary 
alteration on the primitive textures observed in unequilibrated ordinary chondrites (UOC's). 
Two common types of porphyritic olivine chondrules have been selected for detailed analysis, 
Types IA and I1 (1, 2). It is proposed to document the effects of secondary metamorphism on 
both chondrule types in a series of meteorites of increasing petrologic type in the range 3.0-4.0, 
by examining the zoning profiles for major and minor elements in the dominant silicate 
minerals, olivine and pyroxene. Mesostasis and bulk chondrule compositions will also be 
investigated. These data will enable constraints to be made on metamorphic conditions such as 
peak metamorphic temperatures and cooling rates, such as those modelled by (3). To  date the 
Type IA chondrules of Semarkona (LL3.0) have been studied in detail. We wish to test the 
hypothesis that Semarkona chondrules represent closely the products of initial crystallization, 
and have not been modified by subsequent metamorphism, or nebular processes. Type IA 
chondrules contain metallic Fe,Ni, have a glassy to partly crystalline mesostasis, and are 
predominantly circular in cross section. Olivine crystals are abundant, and there may be 
pyroxene present, located on the chondrule rim, which may poikilitically enclose olivine grains 
(1). 
Results. Twelve chondrules from Semarkona have been classified as Type IA porphyritic olivine 
chondrules on the basis of their petrographic properties. Rounded grains of Fe,Ni metal are 
distributed throughout the mesostasis and silicate grains. Table 1 summarises the means and 
ranges of concentrations of elements as determined by microprobe analysis for olivines and 
pyroxenes in the Type IA chondrules. "All Type IA" data refer to the mean of averaged data for 
each chondrule, such as those given for chondrules C61 (olivine) and C51 (pyroxene). 
Oliviues. Type IA chondrules are characterised by highly forsteritic olivines, in Semarkona Fa 
0.5-2.4O/0. They also have CaO concentrations of 0.20-0.65 wt%, which are relatively high in 
comparison with those in olivines of higher Fa content in Type I1 Semarkona chondrules (1). 
Table 1 gives data from a representative chondrule, C61: the small range of Fa contents 
observed, and the similarly small ranges of minor elements, reflect the lack of appreciable 
zoning within olivine grains. The zoning profile from core to rim of an olivine grain in 
chondrule C61 is illustrated in Fig. 1. A small increase in wt% FeO at the rim, from 0.55 to 
0.90, is accompanied by increases of similar magnitude in Cr203 and MnO, and decreases in 
A120, and CaO. This profile is typical of the zoning observed at the rims of many olivine grains 
throughout the Type IA chondrules; in general the concentration gradients are steeper in grains 
adjacent to chondrule rims. Fig. 2 shows a second zoning profile, from core to rim of an olivine 
grain in chondrule A23, which crosses a region enriched in A1 O3 and T i02  near the rim. 
Similar enrichments were observed both in core and rim regions o! several olivine grains in the 
Type IA chondrules, often occurring independently of any corresponding zoning in the FeO. 
Pyroxenes. Of the twelve Type IA chondrules studied, four do not contain any pyroxene, four 
contain Ca-poor pyroxene only, and four contain Ca-poor pyroxene rimmed by Ca-rich 
pyroxene, the latter being found in the chondrules which possess the most fayalitic olivines of 
the group. All the pyroxenes are magnesium-rich, with Fs 1.0-3.5%, and concentrations of 
minor elements are higher than those in the olivines from the same chondrule. Minor element 
concentrations higher in the Ca-rich pyroxenes than the Ca-poor pyroxenes, and little zoning is 
observed within either type. In the rimmed grains, the boundary between the two regions is not 
sharp, suggesting that a 'mantle' region occurs between the two as described by Kitamura et al. 
14). 
Discussion. The enrichment of FeO at the rims of olivine grains may indicate that some 
metamorphism may have taken place, and that the chondrule has begun to equilibrate with the 
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iron-rich matrix of the meteorite. However, Fig 1. shows the correlation of Cr203 and MnO 
with the FeO zoning, as well as corresponding depletions in CaO and A120p. The observed 
zoning may therefore instead have resulted from an increase in the coollng rate of the 
chondrule, such that a more FeO-rich rim crystallized onto the more homogeneous and 
forsteritic cores of the grains. Forsteritic olivines, homogeneous in Fe-Mg (Fo 95-96) have been 
reproduced in dynamic crystallization experiments (5) at slow cooling rates of around 1O0C/hr. 
However, the concentrations of CaO observed in the natural examples are generally expected to 
result from high cooling rates (e.g. (6)). The heterogeneity of A1203 and T i02  in the olivine 
grains (Fig. 2) is also apparently inconsistent with near-equilibrium growth. The olivines in the 
Type IA chondrules are similar in composition to the "blue" olivines described by Steele (7), 
who concluded that they represent unmelted relics of the chondrule precursor material, and that 
their unusual compositions were the products of condensation directly from the nebular gas. 
However, several properties of the Type IA chondrules studied imply that most if not all of the 
olivine and pyroxene crystallized in situ. The textures of the olivine and pyroxene grains are 
consistent with an igneous origin, and the similar Fe/(Fe+Mg) ratios of coexisting olivine and 
pyroxene suggest that they both crystallized from the same melt. Crystal faces in contact with 
the melt lie within the range of "blue" olivine compositions. It therefore appears likely that the 
forsteritic olivines are of igneous origin, although the conditions resulting in the observed 
concentrations and distributions of minor elements are not fully understood. 
(Supported by NASA grant NAG9-30; Klaus Keil, principal investigator.) 
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Table 1: Interchondrule (All Type IA) and intrachondrule (C61, C51) variations in compositions of olivines and pyroxenes 

for twelve Semarkona Type IA chondrulea. Means with standard deviations in brackets. 

OLIVINE F a  T i02  A1203 Cr203 MnO CaO 

Chondrule C6l  (n=15) 0.7 (0.1) 0.03 (0.01) 0.16 (0.06) 0.21 (0.11) 0.05 (0.07) 0.36 (0.05) 

All Type IA (n=12) l.l(O.5) 0.04 (0.02) 0.14 (0.09) 0.40 (0.29) 0.09 (0.05) 0.32 (0.12) 

PYROXENE Fs Wo 

Chondrule C51 

cores (n=5) 1.9 (0.4) 1 0  ( 0 . 1  O.ll(0.04) 1.16(0.20) 0.53(0.06) O.OO(O.00) 0.52(0.05) 

rims (n=5) 1.0 (0.1) 39.6 (2.4) 1.03(0.06) 6.50(1.67) 1.35(0.12) 0.37(0.11) 17.90(0.68) 

All Type IA 

cores (n=8) 1.7 (0.8) 1.5 (1.1) 0.18 (0.05) 0.89 (0.19) 0.87 (0.68) 0.17 (0.13) 0.78 (0.59) 
rims - (n=4) 1.8 (0.9) 40.8 (0.8) 0.98 (0.18) 6.06 (1.37) 2.01 (0.69) 0.51 (0.11) 18.17 (0.48) 

Figs. 1 and 2. Compositional variations from cores to rims of olivine grains in chondrules C61 and A23 respectively. 
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