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Introduction: The genetic relationship between 

chondrules and matrix in primitive chondrites is not 
well understood [1 and references therein]. Oxygen 
isotopes can potentially provide important constraints 
on the relationship between chondrules and matrix and 
on thermal processing of matrix in the solar nebula. In 
[2, 3], we reported on an in situ O-isotope study of 
chondrules and clastic matrix grains in Kakangari K-
grouplet chondrite, and showed that the matrix grains 
have a bimodal distribution of O-isotope compositions. 
The chondrules and 16O-poor clastic matrix grains in 
Kakangari have nearly identical composition (Δ17O ~ 
0‰), suggesting some of the clastic matrix grains could 
have resulted from chondrule fragmentation. Most ma-
trix olivines and some low-Ca pyroxenes are 16O-rich 
(Δ17O ~ –24‰). Because the clastic olivines can make 
up 10% of the Kakangari matrix, these grains probably 
explain the 16O-enriched matrix composition (Δ17O ~ –
2.6‰) compared to the bulk Kakangari chondrules [4]. 
Here we report on an in situ O-isotope study of chon-
drules and matrix grains in Lewis Cliff (LEW) 87232 
K-grouplet chondrite.  

Methods: The mineralogy and petrography of 
chondrules and matrix grains in LEW 87232 were stud-
ied using the UH field-emission EPMA (JEOL JXA-
8500F). Oxygen-isotope compositions were measured 
with the UH Cameca ims-1280 SIMS. For chondrules, 
we used ~1.2 nA primary Cs+ beam with 7 µm raster. 
Two Faraday cups (FCs) for 16O− and 18O−, and an elec-
tron multiplier (EM) was used for 17O−. Matrix grains 
were measured with ~20 pA primary beam focused to 
~1−2 µm using FC−EM−EM for 16O−, 17O−, and 18O−, 
respectively. Analysis spots were marked by focusing 
the electron beam on the points of interest to produce a 
spot that is visible as depleted O signal in scanning 16O– 
ion image, allowing us to identify exact locations of 
small matrix grains in matrix. Instrumental fractionation 
for olivine and low-Ca pyroxene was corrected using 
San Carlos olivine standard.  

Results and Discussion: Oxygen-isotope composi-
tions of olivine (ol) and low-Ca pyroxene (px) grains in 
four type I chondrules were measured; these include 
porphyritic (Fig. 1a−c) and porphyritic/agglomeratic 
(Fig. 1d) types. In chondrules, ol have more Mg-rich 
compositions (Fo~91–99) with a peak at Fo~99 than px 
(En~89–98) with a peak at En~96. The LEW 87232 chon-
drule ol and px are more Mg-rich than those in Ka-
kangari chondrules (Fo~95–97 and En~90–96). These obser-
vations are in agreement with those reported by [5]. 

Many px grains contain abundant inclusions of sulfide 
grains and show inverse compositional zoning with 
Mg/(Mg+Fe) ratio increasing towards the edges of the 
grains (Fig. 1), indicating postcrystallization reduction 
and/or sulfidization. Other components in the chon-
drules are Na-rich mesostasis, compositionally close to 
albitic plagioclase (Ab~80), and Fe-bearing high-Ca py-
roxene (Wo~27–47En~52–71). Some of the chondrules are 
overgrown by porous fine-grained aggregates composed 
of px and very minor ol grains (Fig. 1b). 

Oxygen isotopic compositions of chondrule ol and 
px are shown in Figure 3. All but one measurement plot 
near the TF line between the CCAM and Young & Rus-
sell lines [6]. Many of the chondrule ol and px are indis-
tinguishable from the TF line and consistent with the 
bulk O-isotope compositions of LEW 87232 chondrules 
[5]. Several ol and px grains show small 16O-
enrichments and plot below the TF line (Δ17O ~ –2 to –
3‰). One olivine in Ch#09 has 16O-rich composition 
(Δ17O ~ –10‰). Highly 16O-enriched ol grains were 
found in a coarse-grained chondrule rim in Kakangari. 
These are relicts and were overgrown by 16O-poor ol 
during the rim formation. The 16O-rich ol found in 
Ch#09 could be also a relict grain that escaped com-
plete melting during the chondrule formation. The po-
rous px aggregates have slightly 16O-enriched composi-
tions with mean Δ17O ~ –1.8±0.9‰ (2SD).  

Matrix in LEW 87232 (Fig. 2) is similar to that in 
Kakangari and mainly consists of coarse-grained px 
(En~96–98) with minor amount of ol (Fo~96–98) [5, 7], 
which are compositionally similar to those in type I 
chondrules. The px grains are commonly lath-shaped (a 
few µm to ~20 µm in size) and are intermixed with Fe-
oxide (possibly hydrated based on electron microprobe 
analyses that give very low totals ~70−80 wt% and the 
observations that LEW 87232 contains 0.54 wt% H2O 
[8]). In some matrix regions, px grains form very po-
rous aggregates with no interstitial Fe-oxide. 

Matrix ol and px grains (3 to 20 µm in size) were 
measured for oxygen isotopes (Fig. 4). The ol grains 
show a range of O-isotope compositions and plot along 
CCAM line. The most 16O-rich grains are composition-
ally similar to AOAs and could be related to them; these 
grains could have formed in a different nebula region 
than 16O-poor matrix grains and subsequently experi-
enced O-isotope exchange to varying degrees during 
chondrule/matrix formation. In contrast, all px grains 
have similar O-isotope compositions within uncertain-
ties and plot slightly below TF line with the mean Δ17O 
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value of –1.9±1.6‰. No 16O-rich px as reported in Ka-
kangari matrix by [2, 3] were found in matrix of LEW 
87232. 

Figure 5 shows a summary of O-isotope composi-
tions of chondrules and matrix grains in LEW 87232 
and Kakangari. In LEW 87232, the majority of chon-
drule grains are consistent with Δ17O ~ 0‰ while the 
16O-poor ol and px grains in matrix have Δ17O ~ –2‰, 
consistent with the bulk matrix value of Δ17O = –1.12‰ 
reported by [5]. We infer that chondrules and 16O-poor 
matrix ol and px in LEW 87232 sampled different O-
isotope reservoirs. Since the matrix grains are crystal-
line, they appear to have experienced high-temperature 
processing in the solar nebula. As a result, the 16O-poor 
matrix grains could have recorded O-isotope composi-
tion of the nebular gas during this processing. Because 
the porous px aggregates overgrown onto chondrules 
have O-isotope compositions similar to the 16O-poor 
matrix ol and px and different from the majority of 
chondrule grains, the aggregates might have resulted 
from the high-temperature processing of matrix. Some 
chondrule grains with slight 16O-enrichment might be 
also due to O-isotope exchange during this event. In 
contrast to these O-isotope characteristics of LEW 
87232, in Kakangari, chondrules and 16O-poor matrix 
grains have nearly identical O-isotope composition 
(Δ17O ~ 0‰), and 16O-enriched bulk matrix composi-
tion (Δ17O ~ –2.6‰) is probably due to abundant 16O-
rich matrix grains [2, 3]. We conclude that the two K-
grouplet chondrites appear to have sampled slightly 
different 16O-poor isotope reservoirs. 

 
Fig. 1. Back-scattered electron (BSE) images of chondrules in 
LEW 87232. SIMS measurement craters are outlined by 
orange squares. An outlined region in (a) is shown in (b). Note 
that porous low-Ca pyroxene aggregate is overgrown onto the 
host chondrule in (b). cpx: high-Ca pyroxene; Fe-ox: iron 
oxide (hydroxide); met: Fe-Ni metal; meso: mesostasis; mtx: 
matrix; ol: olivine; px: low-Ca pyroxene; sf: sulfide. 
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Fig. 2. BSE images of matrix regions in LEW 87232. SIMS 
pits are indicated by yellow arrows. The matrix is dominated 
by low-Ca pyroxene which is either intermixed with Fe-oxide 
(hydroxide) or forming porous aggregates. Note that three 
measured olivine grains in these regions are 16O-rich. 

 
Fig. 3. O-isotope compositions of olivine and low-Ca pyrox-
ene in chondrules and enstatite aggregate attached to chon-
drules. Also shown are whole rock, bulk chondrules, and ma-
trix compositions from [5]. TFL: terrestrial fractionation line; 
CCAM: carbonaceous chondrite anhydrous mineral line; 
Y&R: Young & Russell line [6]. 

 
Fig. 4. O-isotope compositions of matrix olivine and low-Ca 
pyroxene grains in LEW 87232. 

 
Fig. 5. Comparison of Δ17O values in chondrules, low-Ca 
pyroxene aggregate, AOA, and matrix grains in LEW 87232 
and Kakangari [2, 3].  Data for bulk chondrules and matrix are 
from [4, 5].  
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