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Introduction: The recently discovered CH/CB-like 
carbonaceous chondrite Isheyevo contains several 
lithologies composed of the mineralogically similar com-
ponents (Fe,Ni-metal grains, chondrules, refractory in-
clusions, and heavily-hydrated matrix lumps), which, 
however, differ in size, relative abundance of chondrules 
and metal, and relative proportions of porphyritic vs. 
non-porphyritic chondrules [1]. Since this meteorite can 
potentially provide a clue for a genetic relationship be-
tween the CH and CB chondrites and for the origin of 
metal-rich chondrites in general, we initiated detailed 
mineralogical and isotopic studies of its components. 
The mineralogy and petrology of chondrules and refrac-
tory inclusions from Isheyevo have been previously de-
scribed  in [2,3]. Here we report their O-isotopic compo-
sitions. 

Analytical techniques: 14 polished sections of Ish-
eyevo of ~30 cm2 were mapped in Ca, Al, Mg, Ti, Na, 
Si, Ni, and Co Kα X-rays with a Cameca SX-50 electron 
microprobe. The elemental maps in Mg, Ca, and Al Kα 
were combined using an RGB-color scheme (Mg - red, 
Ca - green, Al - blue). The identified refractory inclu-
sions were studied in the backscattered electron mode 
with the JEOL 5900LV scanning electron microscope 
equipped with an energy dispersive spectrometer. Min-
eral compositions were determined with the Cameca SX-
50 electron microprobe. Oxygen isotopic compositions 
of 17 CAIs and 17 chondrules from Isheyevo were 
measured in situ with the University of Hawai‘i Cameca 
ims 1280 ion microprobe in multicollection mode. A 
focused Cs+ primary beam of 2 nA was used to raster 
regions 20×20 µm; oxygen isotopes were measured in 
raster mode from regions ~15×15 µm in size. The 16O 
and 18O ion beams were measured at Mass Resolving 
Power  (MRP) ~3000 using L´2 and H1 Faraday cups of 
multicollector; 17O was measured using electron multi-
plier (EM) of monocollector at MRP ~5500. Instrumen-
tal mass fractionation was corrected by analyzing syn-
thetic forsterite and synthetic and natural enstatites. 

Mineralogy: Chondrules in Isheyevo show large 
variations in textures (cryptocrystalline, skeletal, barred , 
porphyritic), mineralogy and bulk chemistry (magnesian, 
ferrous, aluminum-rich, silica-rich). The porphyritic 
ferromagnesian chondrules, silica- and aluminum-rich 
chondrules are texturally and mineralogically similar to 
those in other chondrite groups and formed by melting 
of the mineralogically diverse precursors, including re-
fractory inclusions and chondrules of earlier generation 
[2]. The magnesian cryptocrystalline and skeletal chon-
drules are chemically and mineralogically similar to 
those in the CH and CBb carbonaceous chondrites 
Hammadah al Hamra 237 (HH 237), QUE94411 and 
MAC02675, possibly indicating common formation 
mechanism. Krot et al. [2,4] suggested that such chon-

drules formed a vapor-melt plume produced by an im-
pact between planetary-size bodies. The presence in Ish-
eyevo of at least two generations of chondrules formed 
by different mechanisms and, possibly, at different times 
can be potentially tested by their O- and Mg-isotopic 
compositions.   

More than 330 refractory inclusions discovered in ~ 
30 cm2 of Isheyevo can be divided into hibonite-rich 
(39%), grossite-rich (16%), melilite-rich (19%), spinel-
rich (14%), pyroxene-anorthite-rich (8%), fine-grained 
spinel-rich CAIs (1%), and amoeboid olivine aggregates 
(AOAs) (4%). Based on the mineralogy and petrogra-
phy, two populations of refractory inclusions which ap-
pear to have experienced different thermal histories can 
be recognized [3]. Most hibonite-, grossite-, and meli-
lite-rich CAIs are compact, rounded or ellipsoidal ob-
jects, and appear to have crystallized from rapidly cool-
ing melts. They typically lack secondary anorthite and 
have very thin Al-diopside rims, possibly indicating a 
short residence time of the CAIs in the high-temperature 
nebular region. Alternatively, the CAI-forming region 
itself cooled very rapidly. This population of CAIs is 
mineralogically most similar to the majority of CAIs in 
the CH chondrites [5-9], and, to a lesser degree, to those 
in CB chondrites [10]. Another population consists of 
less refractory inclusions (melilite-, spinel- and pyrox-
ene-rich CAIs and AOAs) texturally and mineralogically 
similar to those in other chondrite groups [11]. CAIs of 
both populations are found as relict objects inside por-
phyritic chondrules, indicating that they experienced 
recycling during formation of porphyritic chondrules. 
Based on the petrographic observations, Krot et al. [3] 
concluded that although some of the Isheyevo CAIs 
could have been remelted during formation of mag-
nesian cryptocrystalline and skeletal chondrules, there is 
no evidence that any of the Isheyevo CAIs formed dur-
ing this event. 

Oxygen isotopes: On a three-oxygen isotope dia-
gram, compositions of the Isheyevo chondrules and most 
CAIs follow mass-independent fractionation lines [Car-
bonaceous Chondrite Anhydrous Mineral (CCAM) or 
“primary nebular”]; two CAIs show mass-dependent 
fractionation, which may be due to instrumental effects 
(Fig. 1a). 15 out of 17 CAIs studied are 16O-enriched 
(Δ17O = -20‰ to -32‰). These include hibonite-rich and 
grossite-rich CAIs of the first population, and melilite-
rich and spinel-rich CAIs of the second population. The 
only two 16O-depleted (Δ17O = -7‰ to -9‰) CAIs are an 
igneous, anorthite-spinel-pyroxene-melilite (Type C) 
inclusion and a hibonite-melilite CAI surrounded by 
layers of melilite and Al-diopside with tiny inclusions of 
forsterite. We infer that both CAIs could have experi-
enced exchange during late-stage melting. 

Lunar and Planetary Science XXXVIII (2007) 1888.pdf



Al-diopside-rich chondrules composed of Al-
diopside, forsterite, and spinel, an isolated spinel grain - 
probably a fragment of Al-diopside-rich chondrule, and 
an Al-rich chondrule with a dendritic pyroxene texture 
are 16O-depleted (Δ17O = -3‰ to -7‰) relative to most 
CAIs, but overlap in composition with a Type C CAI. 
The magnesian cryptocrystalline and skeletal olivine-
pyroxene chondrules have similar compositions, which 
are on average more 16O-depleted (Δ17O = -2‰ to -6‰ 
and -4‰ to -5‰, respectively) than Al-diopside-rich 
chondrules. The only ferrous cryptocrystalline chondrule 
analyzed is the most 16O-depleted (Δ17O = 0). 

Discussion: Oxygen isotopic compositions of the 
Isheyevo CAIs are similar to CAIs in CH chondrites [12] 
and in other primitive chondrite groups: 16O-rich CAIs 
are dominant, whereas 16O-depleted CAIs are rare. The 
16O-depleted CAIs most likely formed by remelting of 
the originally 16O-rich inclusions in an 16O-poor gaseous 
reservoir. This conclusion is supported by the presence 
of relict CAIs inside porphyritic chondrules from Ish-
eyevo. The observed differences in oxygen isotopic 
compositions between the Isheyevo CAIs and the popu-
lation of magnesian cryptocrystalline and skeletal chon-
drules supports our earlier conclusion that there is no 
genetic relationship between CAIs and this population of 
chondrules [3]. The common presence of 16O-depleted 
CAIs in CB chondrites characterized by the nearly com-
plete absence of porphyritic chondrules [10] may indi-
cate these CAIs experienced remelting and oxygen iso-
topic exchange during formation of the CB chondrules. 

The similar O-isotopic compositions and the differ-
ences in mineralogy of CAIs from the CH and CH-like 
chondrites and those in other chondrite groups suggest 
either that most CAIs in different chondrite groups 
formed in different nebular regions with distinct physi-
cal-chemical conditions (e.g., dust/gas ratio, peak heat-
ing temperature, cooling rate, ambient temperature, iso-
lation temperature) but similar oxygen isotopic composi-
tions or that CAI formation occurred multiple times un-
der a distinct set of physical-chemical conditions in an 
isotopically distinct nebular region followed by dispersal 
around the proto-Sun [13]. The similar O-isotopic com-
positions of the magnesian cryptocrystalline and skeletal 
chondrules from Isheyevo, CH chondrite Acfer 214 [12], 
and CB chondrites HH 237 and QUE94411 (Fig. 1c) 
support their possible genetic relationship [2,15]. 
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Fig. 1. Oxygen isotopic compositions of refractory 
inclusions and chondrules from metal-rich carbo-
naceous chondrites. a – Isheyevo (this study); b –
CH chondrites  (data from [12]); c – CB chondrites 
(data from [10]). CC = cryptocrystalline; SO = 
skeletal olivine-pyroxene; Al-di = Al-diopside-
rich; chd = chondrules. Errors are 2σ.  
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