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Introduction:  Chondrules are the most dominant 
components of chondrites. They record the high 
temperature melting process of the first several 
million years in the early solar system. Petrography, 
in-situ oxygen and Al-Mg isotopes studies reveal that 
many have experienced multiple melting processes 
indicated by the existence of relict grains, igneous 
rim and enveloping compound chondrules, which 
caused complete and / or partial melting of their 
components [1-5]. These melting processes of 
chondrules are critically important in chronology for 
the estimation of relative ages of multiple heating 
using mineral isochrons. However, it is still a major 
unresolved issue because of analytical limitations 
with Al-Mg isotope system. Previous in-situ SIMS 
measurements of Al-Mg chronology in chondrules 
focused on anorthite and Al-rich glass analyses 
because these phases could be measured at sufficient 
analytical precision by SIMS. In fact, the Al-Mg ages 
from these phases show the final crystallization stage 
of chondrule melt. If Al-Mg data of spinel and 
diopside in chondrules could also be used for Al-Mg 
chronology, it might provide to give a constraint for 
the chronology of the chondrule formation. 

Layered chondrules may have recorded the 
thermal history of multiple heating processes in the 
chondrule-forming region (e.g., [1]). In order to 
estimate the timescale of multiple heating in 
chondrules, we report the preliminary results of 
petrography, high precision oxygen and Al-Mg 
isotopic compositions of low Al/Mg ratio phases 
(spinel and diopside) in the Al-rich layered barred 
olivine chondrule from NWA1152 C3-ungrouped 
chondrite. This report is updated from [6]. 

Experiment: The sample used in this study is a 
polished thin section from the primitive (minor 
metamorphosed and altered) NWA-1152 C3-
ungrouped (like CV3 and CR3) chondrite [7]. We 
carried out a petrographic study of a barred olivine 
chondrule, C1m, in thin section.  

Petrologic and mineralogical studies were 
examined by a petrographic microscope and by X-ray 
microanalysis using the JEOL 5900LV scanning 
electron microscope (SEM) with Oxford INCA EDX 
system in the Natural History Museum and a JEOL 
JSM-7000F field-emission-type scanning-electron-
microscope (FE-SEM) equipped with an Oxford 

INCA energy dispersive spectrometer in Hokkaido 
Univ. (Hokudai).  

In-situ oxygen isotopic analyses were performed 
by the Cameca ims-1270 SIMS instrument in 
Hokudai. A 20keV Cs+ primary ion beam (~0.2nA) 
for oxygen isotope analysis focused to a ~10 µm spot. 
Oxygen isotopes of 16O-, 17O- and 18O- were measured 
sequentially using magnetic peak switching. The 
mass resolution of M/∆M ~4000 was applied to 
reduce interfering 16OH- peak less than 0.1‰ level of 
17O- peak. The 17O- and 18O- were measured on an 
axial electron multiplier and the 16O- was measured 
on an axial faraday cup. The standard minerals of a 
Russian spinel (SPU) and a San Carlos olivine were 
used to correct instrumental mass fractionation. The 
accuracy (2σ) of the δ-values is estimated to be 
±2.6‰ for δ17O and ±4.1‰ for δ18O.  

In-situ Mg isotopic analyses were performed by 
the Cameca ims-1270 SIMS instrument using four 
faraday cups of the multi-collection system. Analyses 
were done at the high mass resolving power of ~2000, 
sufficient to resolve all molecular ion interferences 
(e.g., 24MgH-). Olivine, augite and spinel standards 
were used to correct instrumental mass fractionation 
for Mg isotopes and 27Al/24Mg ratios. The estimated 
precision of δ26Mg (2σm) is ~0.1‰ or less. The other 
analytical procedures are shown in [8]. 

Results and Discussion: The C1m chondrule is a 
enveloping type of Al-rich layered barred olivine 
chondrule (~1.5mm across) surrounded by an igneous 
rim (~200µm in width) (Fig. 1). The host barred 
olivine chondrule consists of platy olivine crystals 
(Fo~99) and blocky subhedral spinel grains (Mg-sp) 
embedded in mostly subhedral large crystalline Al-
rich diopsides (Di) and mesostasis (Fig. 1). From the 
petrographic observations, the crystallization 
sequence is in the order of spinel, olivine, diopside 
and small amounts of mesostasis, respectively. The 
igneous rim mainly consists of pigeonite phenocrysts 
embedding euhedral olivine crystals. The pigeonite 
phenocrysts appear in the outermost layer. 

The three O isotope diagram for the C1m 
chondrule is shown in Fig. 2. The oxygen isotopic 
compositions of the barred olivine part are distributed 
around SMOW value (δ17, 18OSMOW= ~0‰), while the 
igneous rim of pigeonite and olivine crystals are 
slightly enriched in 16O (δ17, 18OSMOW= ~-5 to -12‰) 
relative to the host barred olivine chondrule phases 
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(Fig. 2). Host spinel, olivine and diopside are 
expected to result from the crystallization of host 
chondrule melt and therefore are predicted to produce 
homogeneous O isotopic compositions. The oxygen 
isotope disequilibrium between the host barred 
olivine chondrule and igneous rim suggests that the 
formation process of C1m results from multiple 
heating processes. This is consistent with the 
petrographic observations. 

The Al-Mg evolution diagram of spinel, olivine 
and Al-rich diopside grains from the C1m chondrule 
is shown in Fig. 3. Host spinel shows a clear 26Mg 
excess. The best-fit regression line yields as below: 
(26Al/27Al)0=(1.2±0.2) x 10-5 calculated with spinel 

and olivine phases only. This indicates that formation 
of this chondrule started at least ~2Myr after CAI 
formation. This age is similar to those of other 
previous chondrule ages  [e.g., 4, 5]. 

The Al-rich diopside shows no clear excess of 
26Mg. These results suggest that the Al-rich diopside 
crystallized later than spinel, and indicate the 
chondrule experienced multiple heating processes.  
We will also report the Al-Mg isotope system in 
mesostasis. 
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Fig. 1. X-ray map of the C1m barred olivine 
chondrule from the NWA1152 chondrite. 
R:Mg, G:Ti, B:Al. Purple phases are spinels. 
Light red phases are olivines. Light green 
phases are Al-rich diopside. Dark green is 
mesostasis. Dark red phases are pigeonite. 
 

 
Fig. 2. The three O isotope diagram of C1m 
chondrule. Red symbols are from host phases 
and blue symbols are from igneous rim. Di; Al-
rich diopside, Pig; pigeonite. 

 

 
Fig. 3. Al-Mg evolution diagram in C1m 
chondrule. The canonical 5 x 10-5 line is shown 
for reference. The regression line calculates 
with olivine and spinel data. Error bars are 2σ. 
Di; Al-rich diopside. 
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